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FOREWORD

This report was prepared by Air Products, Incorporated, Allentowm,
Penasylvania, on contraot Ne. AF 33(600)~15855, dated 9 June 1952;
Supplement. Azreenmani No. 1, dated 2 March 1353; and Revision 1, dated
15 May 1353, Work vas administered under the directicn ¢f C. R. Anderson,
Vice=Prisident-in=Chargs~of=Enpgineering anc H, W. Parrov acted as project
enpineer., The contrsct was initiated under Research and Levelomment
Order No. 660-128, "Improvement and Davelopment of Oxyien Generating ,
Flants and Auxiliary Equipment," by the Equipment Laboratery, Directorate

of Laboratories, Wright Air Development Canter, witk A. M. Paulson serving
as project engineer, v

Trig 4s one of a series of three reports to be issued on this project,
The secend report will be 4Lsmied upon completion ¢f the operating tests
on the modile, liquid oxygen genarator, while the third report will be
{smued upon completion of the entire mrorram,

Included amonp those who cooperated in the study were C. J. Sohilling,
L. L, Volland, P. G. Poust, J. V. Fetterman of Air Products, Incorporated.
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ABSTRACT |
{
|

Design of a mobile gensrator capable of prcducing two tons per day of
high-murity liquid oxygen 'or liquid nitrogen and cavakle of comnressing the
entire nroduction capaoity to LOOQ PSIC as describad. Flows of the overating
cycle are pictured and discussed, Material and he=at talances are calculnted
on the tasis of theory and cast experience gained from the fabrication of

more than 500 oxygen generators, both mobile and stationary, of high- and low-

purity type. Tentative spvecifications for the eguirment comnonenis ars listed.

PUBLICATION REVIEW

The publication of tuis Tepcri does not aonstitute approval by the

Air Foroce of the findinzs or tho conclusions contained therein, It is
published only for the excvhange and stimulation of ideas.

. FOR THE COMMANDER:

Cnlonel, USAF
- Chief, Equigrent laboratory
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SUMKARY

Tc obtain the desirad production of two tons per day of 99,5% pure liquid
oxygen, or two tons per day of 99.0% pure liquid nitrogem, an air feed of ap-
proxinately 1000 standard cubic feet per mirnuta shall be used, This shall in-
dicate a liquicd oxygen recovery by weight of 4.29% or a liquid nitrogen recow-
ery by welght of 3.7%. To operate the unit thrse diessl enginas shall supply
approximately 330 horsepower, which shall result in a ratio of approximately
1.1 pounds af liguid oxygen produced per pound of diesel fuel burned, A temp-
erature approach of arrroximately 8°F shall be expected at the air inlet end
of the hest exchangér, The estimsted heat infiltration Irom ambient surrounde
ings into the air sevarator shall be 1,5 B.T.U. per pound of air feed, It is
extimated that the loss of air from the heat exchanger during the rsversals,
which occur cvery 10 mimites, shall be 3% of the total input. The semitrailer
shall be approximataly 32¢.0" long, 9f-6" wide and 12'-0" high, Thease dime
ensions, whizh are reduced ¢ a minisum, shall be for the greater part, die-
tated by the availability of squipment components in the alr socurce sectien.
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CYJLS OF AIR 3RPARATICNR

Ganefgg

The cyclea of air separation for this generator are pictured on four
- Alr Prsducts, Incorporatsd Drawings numbered 42559, 42560, 42551 and 42562,
Bach will 4llustrate a vhase of operation and will herein te raferred to
as Figurea 1, 2, 3 and 4, The licuid product im nroduced by the distil-
lation of liquid air into pure oxygen or nitrozen demendent on requiv-e-
ments, Atmospheric air which forms the raw msterial is filtered, compress.
ed, freed of water vapor and carbon dioxide in reversing heat sxchangers,
end then liquefied by.a combination of cooling and exmansion. The pure

“product whizh results from the distillation of the lizuid air {s drawn off

as a liquid at columm operating pressure or, is fed uz a liquid into special
pumps which compreas the product to any presssure un to 4008 PSIA, The cold .
high-pressure liquid product leaving the pump i3 warmed in a heat exchangor,
and flows as a gas into cylinders or into ssme vther receiver, Since this
oroduct ‘is the result of distillation of liguid air, it can be considered
abcolutely dry rcr all conditions of usse,

It is necessary to remove the water vapor and carbon dioxide contents
from the air inasmuch as these impurities, if not removed, would, in s rel- .
atively short period of time, "freeze out™ at the sub-gero tempsratures in-
volved and thus plug lines and remnder the generator inoperative, :

Detggled Dnacrigtiau
‘ Atmoapherie air is drawn throuzh meehanical filters to remove any foraign

matter viich may bes injuriocus to the squirment, and is then fed to an oil-free

air compressor where its vressurs is elsvated to 100 PSIG., The air compressor
is a three-stage unit, esasch stage consisting of a rotary blower which is dirw.

. actedriven by a diessl engine through a suitable transmission, Somms moiature,

and aiso the heet of canuression, are ranoved from the air in airecooled inter-
and aftsrcoolera. :

: Thc"high-preasura' air is thsn fed to the hoat exchanger through a switch
valve, This valve switches or ravarsas, at preset ten minute intervals, the
heat exchanger passes for the incoming, highwpressure air and the effluent, low-
pressurs, waste air such that, the passes which were high-pressure gir psssea

for the previcus ten mirutes then bscome effluent, waste air passes for ihe next

ten mimites, and vice-versa. The remaining moisturas, and alsc the carben di-
oxide, in the high-pressure air are deposited in the heat sxchanger at the dif.
ferent temperature levelr which are in esquilibrium with the vapor pressures and
concentrations of the molsturs and carbon dioxide., These deposits are msde in
the two passes alternately., While u depoait is being made in one pass, the de-
posit in the other pass is being "cleaned up” thrcugh the absorptive capacity

. of the dry, lew-pressure, effluent, waste
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After leaving the heat exchanger, tha high-oressurs air, which ls then a
saturatad vapor, snters the air liquefier, Tha liquafier i3 an extension of
the heat exchanger surface, and in it, liquefacticn of a nortion of the in-
coming air 48 effected. This portion is the amount of liquefaction necessary
to keep the cycle opmerating, and it 1s equivalent to, (1) the amount of liquid
withdrawn as the final product plus, (2) the amount of liquid which is vavor-
iz0d as a result of the influx of heat into the generator from the ambient sur-
roundings plus, (3) the amount of liquid which is lost as a result of the ex=
pansion from high-oressure-air npressure %o column operating pressure, the -
preasura at which the liquid product is withdrawn,

The partislly liquefied, high-pressure alr then enters the nhase separator,
where 1ts liquid and vapor phases are divided and directed into different
streams.

The 1iguid strean i expanded to aporeximately 6 PSIG after which it is
passed through a silica gel typs hydrocarbon adsorber. In the adsorber, removal
of the hydrocarbon content is accomrlisned to orevent their accumulation to
dangerous ccrncentrations in the distiliation column, After every 150 or more
hours of overation, the adsorber is resctivated by means of an electrical.y
heated stream of hot dry air which absorbe the hydrocurbons and carries them
off to atmosphere. This air is taoped from the air su=oly to the turbo expand-
er,

After tne adsorber the liquid strsaz is Zed to the sub-cooling jackets of
the liquid product pumps te prevent vaporization of the pure licuid nroduct when
the pump is orerating, and thus xeep the oumv efficiency high., The strean is
then dirscted to the low rressurs section of either the nitrogen or oxygen col-

urm depending on the {inal oroduct reguired,

The vapor phase is further divided into two streams, One of these, repre=-
smting 75€ of the total air feed, passes through the cold section 2f the heat
exchanger from the cold end to the warmer end, and then feeds the turbo ex-
vander, The exhaust from the expander joing the efrluent waste air stream which
leaves ths column and enters the air liguefier,

In the case of produting oxygen the other vapor stream from the ohase sep-
arator is axpanded through a valve froc highepressure-air pressure to highepregs=
ure column preasure, which is aorroximately 89 PSIA, This vaper enters the highe
pressure column snd is fed directly into the condenser where all of it is con-
densad by the product liquid oxyzem which surrounds the tubes on the low-press-
ure-column side of the condenser, The resuliing liquid is exvanded to low-nress-
ure-column pressure and intrcduced into the lowepressure colummn at the top as
reflux. In order to preveat rare, inert gases such as naon, etc., which are
found in the air, and which are not canable of heing condensed by the liquid
oxygen, ‘rom blanksting the condenser tube surfaces and thue irpair their effi-
clencies, a stream is drawn off from the dome of the condenser and expanded into
the effluent waste air atresam which leaves the colurm. This non-contiensahle
offtake, although very effective in accompl!shing iis. rurpcse, is so very small
in magnitude that it doas not enter into the caleulations for the material and
heat balances,

The low-rregsure column containe a numbar of bubble=-cap vans of conventional
deoign, which are fed at the proner noints by the expranded liquld from the

WADC ™R 5L-10 PT 1
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incomding high-pressure ¢ir, and the expanded liquid frem the high-nressure col-
uzr. The linuid deszending on these pans comes into intimate contret with the
ascending vasors resulting from the column feeds as well as the varors from the
bed 1ing oxygen which surrcunds the tutes of Lhe condencer, This intimate cone
tact of vavor and licuid on sach cvan resulis ‘n a gradual varorization of the
zore-volatile conatituent, nitrogen, and a condensation of the less-volatile
constituent, oxygen. Sufficisnt rana ars inecluded in the low-pressure column
to ensure that the liquid withdrawn from the bottom is §9,5% pure cvygen. Be-
cause the boiling noint of argon 48 closer to the btoilin- zoint of oxygen than
it is to the boiling voint of nitrogen, it avpears in the column in the vieln-
{ty of the oxyzen, and shows up as the 0.5% imnurity in the orodust oxygen.

Since therz is only one product, oxygen, withdrawn from the column, the
remaining cxygen and argon and all of the nitrogen lsave the column at the ico as
a saturated vapor, Thie veazor passea through the oxysen subcooler where it sub-
cools the product oxygen to pravent or reduce "flash® lossss resulting from
later exvansion, After passing through the subcooler, it combinas with the turbo
expander exhaust and enters the air liquerier where it licuefies a -ortion of the
incoming high-pressure air, From the air liquefier it passes through the heat
exchanger where it both coole the incoming air to saturation temperature, and
absorbs the molsture and carbon dioxide which wsre depcsited by the incoming alr
during the preceding ten-minute switch period., It finally exhausts to atmosphere
through the switeh valve,

The rroduct liquid oxygen is withdrawn fros the bottom of the low=pressure
column, It passes thrcugh the subcooler where i is subcocled ty the effluent
wagste alr tc prevent or reduce "flash"losses resulting from exnarsion into the

" reciprocating oxysen pump, or into an external receiver, In the pump its press-

ure is elevated to 4000 PSI3 and it is discharged through & heat exchanger or
vaporizer in the d{ssharge line of the third-stage blover where it is warmed to
ambient temperature,

In the case of sroducing nitrogen the other vazor stream [rom the rhase
sevarator is expanded through a valbe from high-cressure-air oressure ts high-
pressurs column pressurs, which is anproximately 52,2 FSIA, The vanor enters
the high-pressure nitrogen colwmn which contains a number ¢f bubble-cao cans of
conventional design. The ascending vepor comes into intimate contast with liquid
descending on the pans. This intimate contact of vavor and ligquid on each nan
results in & gradual vavorization of the more volatile constituent, nitrogen and
8 tondensation of the lesa volatile constituent, oxygen, which is exvanded into
the low pressure column, The ascending vacor enters the condenser where it is
condensed to a 1iquld nitrogen sroduct bty the crude oxygen product which surrounds
the tubes on the low pressure column side of the condenser, As in the casz of
oxygen productlona small noncondensable stream is remcved from the dome of the
cendensor to prevent blanketing of the condenser surface,

The low pregsura colurmr consists essentisgiliy of : condenser and shall. The
expanded crude oxvzen from the high pressurs column ard the exranded ligquid stream
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from the oroduct rump rnckats are introduced into the lcw orassure column side
of the condenser, Thege shreams are vaoorized by the condenaing nitrogen in
the high pressurs cslum and the repulting vapor paases through nsvergl sme
trainment tray® above the condenser in the low rressure colwm,

The waste vapor [rom the low prejsure column passes throush the asubcovler. i
After passing through the suhcooler, it ccabines with ths turto expradgr exhavst '
and enters thas air liquefier whare it liquefies a portisn of the incoming highw :
pressure air, From the air liguefier it passes through the heal =ichanger where P
1% both cools the incoming air to saturation temweprature, and absorbs the mois= !
ture ard carbon dioxide which were deposited by the inccming air durinz the pre= !

cading ten-minute switch oeriod, It finelly exhausts to aimoaphers through the
switch valve, -

The product liquid nitrogen is withdrawn from the bottom of the ccndemser,
It passes through the subcooler into the reclorocating nitrogen nump, or into
an extermal receivor, In the nump its pressure i{s slevated to L003 PSIA and it
is diacharged through a hest exchanger or vapcrizer in the discharge line of the
third-stagze blower whers it iz warmed to asbient temparature,

ald
tircuits in the cycls are protected against excess prassure by nmeans of pop safety
valves,

Il

Pressure gauges, liquid-level gauges ard temrerature indicators are located l
througncut the system as necessary to ssrve as operating aids, In additicn, ail &
1

dioxide deposits may recuirs that the generator be defrosted or derimed, Yo

accomplish this, numeroug outlets are vrovided at desired lccaticns to vent the
defrost air to atmosphere,

Shculd ambient air penetrate ths air separator insulation facket, its
roisture contsnt would be deposited unon the celd surfaces of the componenmis and ;
also uron the cold fibercslass insulation, 7o prevent this, the insulation jacket
is put under a slight, pcsitive presgure by rme-ns of a smell siream of dry, ’
nitrogen-rish atr which is tecped [rom the turbo expander sucnly line and wermed
irn a coil inside the condensste trep,

After 150 or zore hours of opsration, accumulation of moisture and carbon )
t
]
|
1
i
i
|
|
{

—— vl
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ZLECTRIC FOWZR AND CLUTROL

The electric nower ard control circuits of this gensrator are oictured in
Figure 5, #dp Frodusts, Jncorrorated Drawing No, L2363, Single Line Wiring Dlagram,

The sisatpic nower required by the product numns, the hzdrocarben adsorber
reactivation healer, switch valve timing control, and }ighting is furnished by a
18,7 Kva, 120/208 volt, 3 nhase, 4 wire, 60 crcle synchrorous genarator with direct
cenriact el exciter and automatie voltape ~~pnlator as an integral vart ¢f-its f{rame,
This sltermaling currert panerator is driven at 1800 PP *hrough a V-belt drive
by cna of the L*ene; arpinms in the air:comnressing section,

Pewar la Zigiributed throughou’t the irailer from a control center which con-
taira a three-vhsse zain service circult breaker for the circuit froem the a-c
ganeratcry a comhinaticn three-phase starter for the pumo =otors: a three-phase
eircuit bregker and control for the hydrocusbon adsorber reactivation hestery

and Lianch vireuit hreekers for the 120 volt single rhase timing control, lignting,
ard ocwer receptacle cireuits,

Zmergercy lighting, alarm rlrouits for diesel engire cooling water and oil
vressure indication, and emerzency engine shut—down control are energizad from
the 2L-volt d-¢ storggs battery bank furnished for starting the dissel engines,
Thie bank can be charged by cne cf the generators on either of two of the engines,

WADC TR Su=19 PT 1
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SECTION III
THERMODYNAMIC CALGULATIONS
The sources of thermodynamic date for this report were: Miller & Sullivan,
U, §. Bureau of Mines, Mollier Charts of 1928; and vV, . Wiiliams, Northwestern .
University - ‘ S

The mntéiial balance of this cvsle is based upon the following composition of
atmoscheric air: 21% oxypen, 78% ritrogen, and 1% argon, '

The term "standard cubic fest per minute", abbreviated SCFM, as used in this
report means ons cubic foot of gas at the stancard conditions of 70°F and 14,7 PSIA,

Inconing ALy wasts Air

100 Lbs at (78-x) Lbs iz, 22 Lbe 07 & Argon
100 PSIS, BOOF \r 1 PSIG 72°F
Hp = Enthalpy -~ - { Hy @ Bnthalpy

: Sevarator

» Refrigsration = R

Liquid Nitrogen Drain

x Lbs at -
14.7 PSIA = 300°F

» HN » Enthaloy
Pigure é Licuid Nitrogen Generator He:t Balance

Heat Leak w K.L.

I ——————

Reafrigeratien, R

Tne rafrigeratiocn available resulta from the expansicn of aroroximately 75%
of the inceming air from 112 PSIi to 21 PSIA, Por the expander to have an ad-
iabatic ef"istency of 72§ the assumed inlet temperaturs is ~2LO°P

fy = Inthalpy At Inlet Conditions 112 PSI: -240°F
= 104,50 Btu/Lb
Hp isen = Enthalpy at Exnander Exhaust for 130§ Expander Efficiency

85,58 Btu/Lb

?.’A?C TR SL=19 P71
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B

Ho act = CTnthalry At Actual Exhaust Conditicns
T 90,93 Btu/Lb

Bfficiancy ~ H) - Hy get x 100
W - Ho isen

" Mxlﬁo = T
This checks the ‘antic;‘patod valus
Bz le- Hy act
- 1045 - 90.93
¥ 13,57 Btu/Lb
Since only 75% of the incou;.n; air is_ to be expanded
R.s 0.75 x'13.57
® 10,18 Btu/Lb
TFor 100 168,
R = 1018 Btu

Bnthalpy of Incaming Air, Hy

At the conditions of 100 PSIG & B0°F the heat content of 100 1lbs. of entering

alr will ba

B H = 18 h30 Btu
'!nt.hglpy of Liquid Nitrogon, Hy

At the conditicns of 14,7 FSIA and ~298% ¢ne enthalpy of 1iquid nitrogen is

(Bquivalent of 3.55 A‘I‘H SA%.)
- W = 12,02 Btu/Lb
For x 1bs. the heat content will be
Bz 1Z.02x
Heat Leak, H. L.

The gnticipated heat leak is taken as

HL. = 1,5 Btu/lb or 150 Btu for 100 1bs.

12
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Enthaley of the Effluent Waste Air, Hy

At the conditions ¢f 1 FSIG & 72°F the enthalpy of the waste air is equal to
the sum of the entiialoies of the constituents

The enthalpy of nitrogen at these conditions is
‘ Hy = 183.5 Btu/Lb.
, .

Since 7§‘—x‘pou"ds of Np are exhausted as waste in this oase
oy = 183,50 (78-x)
Hy = 14,313 - 163.5x Btu
The enthalpy of the oxygen under these conditions is
 Hos 18120 Buyms.
Since all the oxygcn is waste
“Hy = 22 x 181,20
7 fHo 3.986 Btu
N = By + Ho
= 14313 - 183.5x +3986
By 16299 - 183.5x
, ‘fotal Heat Balance: _ |
| The total hsat halance will be

HA*H!L' . = Hw+ R*H’u

18430 +-150 « 18299 - 183.5x+12,02x¢4 1018
x = L.}O poumh N2 prodaced per 100 noundl Air ) .

Since 1t 1s imoossible to gst sufficd et :ubcooling 1, Ol of the liquid
nitrogen prodiced will flash, ,

The air required for 2 tons por day liquid production is

= 2 (T078/nar) x 2000(Lbs) x 1 (Qg_u (He) x1 L
(Ton) ~ 24(¥r %éﬂ)‘omém%) omnxl

2z 1002 Assuming a 3f reversal lcss
023032 Say 1035 SCPY

WIC B 54-19 PT 1 13
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QENERATOR MATSRIAL BALANGD

Point )=N Standard Intake Conditions for Alr Compressor

Prassure _ 14,7 P8IA

Temperature | 0°p
Fluid State Superheated Vapor

Fluid Flow Rate

Wy s 1035x0075x80x)
o | 28.9

= 161.16 g nd &l’
fr

Composition . - - Now x Soncentration z Componition
< Wgpa 0,21 x 161,26 '
L m 3 NolefAr

¥z £ 0.78 x 161,16

125,71 Nols/Hr ,
Wy = 0,00 x 161,16

- 1-.6_i Mols/Hr
Xothalpy

At 14.7 P3IA and ?O°F

Ry = 162,7h Btu/Lb |
Point 2.N Discharge for Air Compresser -

Pressure . o o 114.7 PSIA
Temperature B : - et
Fluid State - ) - Superhested Vapor

Fluid Plow iat.or

The 3% gwitoh loss is eliminated for the purpose of calculating
a heat balance. . '

Wp 2 156,02 Mols/Hr

WADC T2 54-19 PP 1 1
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e Comnosition

2

W2

32,76 Mols/Hr ' . 7 i

121,70 Mols/Hr
Wy

1.56 Mols/Hr
Enthnlny‘ )
. Ab 2.7 PSIA and 80°%F

et et i A a0 A

Hy = 184.30 B/l
oint High Prassurs Alr Lesving Heat Exchanger | o
' Fresgun _ | ; ' "11k.7 PSIK
_'Tmeraturo . v S =270 T

The air ieaving the exchanger will be a saturated vapor at
114.7 PSIA : ’

Fluid State SIS 7 Satursted Vapor
Pluid Flow Rate o N
W3 w 156,02 Mols/Hr

el ‘;mposititm‘

I

EEEVOS

Wo2 = 32,76 Mols/Hr

W2 o 120,70 Molo/hr -

Wy - 1,56 uaiQ/Hr
Bnthalpy

At 14,7 PSIA and -272°F

- Pelab 4-N High Pressure Air Leaving Air Liquifier

Pressure ' ‘ 114.7 PSIA
_ Temperature - : : ' -272°¢
- Fluid State . é

The 1iquid requirement of the air entaring the liquifier is the ;
sum of the limuid equivalent of the product tekeoff, the liquid !

iwc TR 54-19 FT 1 15 | 3
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squival.ent of the heat loss, and the liduid equizalent. of the expansion

loss. _. o .

Product Liquid Bquivalent

The latent heat of nitrogen at 52,2 PSIA s H = 78,00 Etu/lb

*~ On the basis of L.J% recovery
'H 3 3.35 Btu/lb
Heat Loss Liquid Ecuivalent
HyL, = 1.5 Btu/Ld
Exoansion Loss Liquid Equivalent
The enthalpy drop at; saturated vapor conditions reouiting from
the expansion of incoming air from 114,7 PSIA to 21 PSIA is

N .
stp = 95079 - %093
is to be axvanded

BEXP - 0025 X L-Bé

HRxp = 1.22 Btw/Lb

The total liquid requiremsnt enthalpy droo is

. H=_ Bro.t HHL.T HEg

T 3,35 1,50 ¢ 1,22 s
& 6,07 Btu/Lb
The latent heat of vanorization of Aif at 114.7 PSIA
‘ LHea 95.79 - 22,60
= 73.18 Btu/Lb
Liquid Requirement = H/L.H. % 100
Liquid Requirement - = 6,07/73.18 x 100
| = 8,29%
Hence the fluid state will be 8.29% liquid and 91,718 vavor

‘ 16 .
WADC TR 54«19 PT 1

= 4,86 Btu/Lb Since only 25% of the incoming air
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Composit.i;cm
\
%2 =

Wi a
Enthalpy

32,76 Mols/Hr
N2 m 121,70 Mols/Hr

1.56 Mols/Hr

At 114.7 PSIA and =272°F

Rl& =

Expansion Valve

 Entering the 7.8

'!'c’cal Hola
Q.21
0.21
0.21
Mols Cxygen
Wo2 =
Mols Oxarsm

I

89 72 Btu/Ld
Point 5-N High Pressure Alr Leaving the Phase Separator and Entering the

= Hols Liquid <+ i(oll Vapor

% 0.0829 (0.366) # 0.5171 (0.,196)

a 0.0303 » 0.1798
~o.2100

\'\por s 0, 1798 x 156 0z -

28,04 Mols/Hr A

Licuid & 0,0303 x 156,02

4.72 Wols/Hr

[

Same as Point 3

atmomhorc equilibriua curve for oxygen and
nitrogen at -272° op 10443%K for 21 mol percent oxygen '

The amount of air entsring the ghace seoarator which 13 expanced
‘into the high pressurs column tarough the A1 expansion valves is

100 - 75 - 8.29 = 16.71%

Temperature

!’iu.id State 7

Fluid Plow Rste
Ws =

WADG TR 54-19 FT 1

0.1671 x 156.02
26.0’7 Mols/Hr

17

114.7 PSIA
~272°7

turated Vapor
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- - Cempen’tion
 Wga T 26.07 x 04196 ol
‘ e 5.11 Mols/Hr - 1
! Wi o= 1/21 x 5.1 | - , ;
* - 0.2 » | ’ 4k
% L Wyp w 26,07 - 5.11 - 0,24 I 1 L
t ; = 20,72 Xols/Hr ; ' 5
: Vo ' _Ent:ha:m;ri . ) ' 5
{ At 114.7 PSIA and -2720p
i / ' 7 Bg = 95.79 Btu/Ib N .
" ' » Point é-N High Pressure Air Enteﬁn;High Pressure ﬁitrograjrtr Colnnn
; {' o ) Pressure ‘ | ) 52,2 PSIA :
k i Tezperature | - o 282,507 %
f ‘ ; _ Pluid State S ' Superheatedchpof;; ) ‘
’ T Flutd Plow Rate | - - Same as Point 5 i
E: ‘ o Wgm 26,07 Mols/Hr | ‘ ,,
; Gmm!fjivf-ion ' |  Same as Point 5
: Woaw 5.11 Kols/H_:l', 7
i s Wgp = 20,72 Mols/Hr ) SR
u WA = 0.2 ¥ols/Hr |
: , Enthalpy | ;
o ' At 52,2 PSIA and 282,507
o H6 = 95.79 Bbu/Lb |
g oint 7-H High Pressure Air Leaving Pbaso Separator and &:tcring Gcld Reat .
g Exchanger g
: The pressure and tthm'mre are the same as Foint 5 with the ""
g flow and composition proportional to the division of the total vaper % %
; -phase leaving the phase separater. '%
3 . !
1 | | | 19
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Praasire
Temperature
Fluid State

Wo = 0,75 x 156,02

= 117,02 Mols/Hr

- Commosition -

114.7 PSYA
-272°7
Saturated Vapor

Woz-=z Total O, Vapor leaving separator - Oxygen to Column

28.& - 5011

Wop =
= 22,93 ols/Rr

‘ . . Fluid Plow Rate 7
|

N o Wy = 1/21 x 22,93

z 1,09 Mols/Hr

HN?

Q3. OQ:Hols/ﬂi
- Enthalpy | - 7
L . it 1147 PSIA md -272°
By = 95.79 Btu/Lb
o Po# ne &N Hizh Pressurs Air

increase the expander eti‘icimcy.
Pressurs -
| Temperature
. Fluid State
Fluid Flov Rate 7
Wg = 117.02 Mols/Hr
Composition

T 20
WADC TR 8410 PP A

117.02 = 1,09 = 22,93

£-ring '!"..r‘\o meud& S - -

- Stream 7 in passing through the heat exchanger will undorgo .
slight pressure drop and rise in tnpenturo.

This warm-tip Wwill

112 PSIA
) Slpéhutod Vapor "
~ "Same as Point 77

_ Same as Point 7
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Weg = 22,93 ¥ols/Hr

N SRR .
P EAS P AT
SALTEm LT

Wyg 2 93.00 Mols/Rr il
4 W, = 109 Mols/Hr o ,”
Enthalpy ;34
7 At 112 $SIA and -240°F ‘. : ﬂi
;é ' Hg = 104,50 Btu/ty - 'i;
: .  Point 9N Low Pressurs Air Leaving the Expander and Feeding the Low Prassure COJ.m. i}x
: o No flow i1y demanded through Point 9 since the only purpose of such A
_ ‘ a flow is to give advantage to the low oressure column in so far as 4
: L e ‘. oxygen nroduction is concerned, 7 _5
s [ | Eoint 10N Exnander Exhanst Strean into Atr liquifier e j
: - Prassure , ; : R 7 © 21 pam ‘1

1 ~ Temperature . - ] v —;
?f © ., Fluid State . N ' Sgtuﬁted Vaporv 1

L ' ,~ Pluid Flow Rate : | Samess Polnt & -
" Wio ® 117,02 Mols/Hr

S R

L "':Cclibdlifion‘r e L T T . - Same &5 Peint 8 an e

 Wep = 22,93 Hola/fr |

e g % 93,00 MoleMr -

Wy ® 1,09 Nals/Hr SRR u -
Xnthalpy ) - ' L

Polnt 1l Alr Stresm Fesding Air Liquifier o

(PRSI

50 i

. .
*

I

e e e e e T P
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K .mr.mtﬂuﬂfﬁfj

gl """"":C’.‘"‘..‘:".L‘.IE'J:’*V. "’Ztlr'vrw‘..v_v:-fm -
v . oy

S

“

£ 5
?jgg

Tempsratars - : T o | -306"} e

B e LA e

Fluid State . , | - Saturated Yaper
Pluid Plow Rate '

The flow td..‘Ll bn stream ) minus the prothat take=of? - o

s it L o

Wiy ® 156,02 r=2x2000/0.86x28;q

RPN O S S LAY - IR [/

j e ! W11 = 149.10 Mols/Hr
1o WDE TR 54-19 PT 1 2 -
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Composition
Referring to cowpositions at Point 14,
WOz = . 5.11 *L‘a?z f'22a93 - Ooa‘

= 32,72 Nols/Hr

= 114,87 Nols/Hr
wA s 0.21&* 9.22 - 1.09 - 0.0L

= 1,51 Mols/Hr

Enthalpy | © Combination of Points 19 and 10

= 90,93 % 117,02#91.,10 % 32,08 o

149.10 ’

Pf!!me :.,A:r:.‘ ~ o [

Temnerature

Point & and Point 10.

90,97 Btu/Lb

Point 12-N ALr Leaving Air Liquifier snd Entering Cold Heat Exchanger

19 PSIA

All of the latent heat of the 1iquiriod air‘iq:iaken by this

stveanm, .

(95.79 = 89.72)  156.02/149,1C = 6.34

6.3L #90.97 = 97.31 Btu/Lb
Ty = -283.6°2 . |
- Fluid State
Fluid flcw 3&t§
Wiz = 149.10 uols/ar.
Composition ‘
W 32.72 Mols/Hr

&8
[} "

114,87 Mols/Hr
1,51 Nols/Hr

N
i}

12 4
L

WADG TR 5L=19 17 1

Superheat ed Vapor

' Sage as Point 11

Same as Point 11
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Enthalpy

At 19 PSIA and -283,6°F the enthaloy is

Hi2 = 97.31 Btw/Lb
,ggig&_l}éﬂ Waste Alr Leaving Warm Heat BExchanger
Prassure
Temperature
. Fluid State
Pluid Plow Rate
W13 = 149.10'Mols/r
Corposition |
Wo2 = 32,72 Mols/Hr
Wy = 114,87 Mols/Hr
WA = 1.5 Mola/Hr
Enthaloy
At 14,7 PSIA and 72%F

o | Hy3 =182.97 Brw/Le. |
Point 14-N High Pressure liquid Leaving Phase Jevarator

e Preazure

Tempsrature
Fluid State
Fluid Flov Rate
W, ot 0.0829 x 156,02
s ig.93 Mols/kr
~ Comeosition
Wos = 4.72 Mols/kr

WA o n L7231/

WADC TR 54-19 Pr 1l

14.7 PSIA
72%
Superheated Vapor

- Sazme as Point 12

Same as Point 12

1147 PSTA o -

-275.6%

‘Saturated Ligquid -
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Wyoo= .22 Mols/Hr

g T 12,93 = 0,22 - Lu72

W = 7.99 qus/Hr
Enthalpy |

At 14,7 PSTA and -275.6% . - -

ni,;;= 27.55 Btu/Lb

Point 15=M Low Pressure Air Leaving Emnaion Valve and Bnt.eriug Low Pressure

Colummn

The liquid air is exvanded to the preuut'e at ths top of the ~lov ‘

" pressura column at constan’ ent.tu.lay. o

~ [

Pressure

21. PSIA
‘ 'z{meratﬁi;c" : - / -304.3%
‘Fluid State |
The exvansion of uturated 11quid froem 114, 7 PSIA to 21 PSIA
results in )

20,958 Vapor
Fluid Flov Rate

79,058 Wouid 0 T e

Wis = 12,93 Mols/Hr

Compoaition ,

© WMo = L.72 Mols/Hr
Wz = 7.99 Mols/Hr
W, = 0,22

Enthalpy

At 21 PSIA and -304.3%

Hys = 22,55 Btn/Lb

24
WALC TR SL4=19 FT 1

Same as Point 14
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Point 16 Iimuid Air Leaving High Pressurs Column il
o]
This is the result of liquificetion of Stream & minus the product ) }
take=off. . C t ?
Pregsure 52.2 PSIA ) } ;
Tamoerature =-291,5° v.é :
. ki -
Fluid State - Saturated Liquid 3

 Fluid Flow Rate

Wg = 26,07 - 6,57 = 19.15 Nols/Hr

Composition
Wap = 5,11 - 0,005 x 2000 x 2
B ‘ 2&. X 28 X ugz
My = 20,72 - 6,8, = 13.88

v V*Wk - 0.24 = 0.04 0,20
‘n’ﬁnthalpy »
Mszzmnam-mep"”'k,
Hyg = 12,77 Btu/Lb
w Liquid AirEnt,aring Low Pressura Column
Pressure

Temparature

Fluid State

5,07 Mols/Hr

. 21 PSIA
=30k.3%

'Liquid and Vapor

The expanaion of 52 2 PSIA saturated liquid to 21 PSIA

results in 90,4k0% licuid and 9,604 enpor
Fluid Flow Rate |

Wip = 19.15 Mols/Hr

~ Composition |
© Wo2 = 5.07 Mols/Hr
Wz e 13.88 Mols/Hr
WA = 0,i0 Mols/Mr

25 .
WALC TR SL-19 Pr 1

Same ;S Point 1§

Same as Point 16
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Enthalpy
At 21 PS3A and =30443°F
Hi7 = 12,77 Btu/tb
Point 18 Waste vAir I@aviﬁg low Pressure Column

The wﬂste air laaving the low oressure column will be uaturabed )
vapor at the pressure at the top of the columm,

Pressure . 21.5 P8IA
. Temperaturs _ .-301.,.3°F 7
Fluid State - 7 7 Saturated Vapor

Fluid Flow Rate ,
Styream 18 equals stream 19 whi¢h equels stream 4 minus stream

- " 10 mirus the pz'oduct. take-of!‘

Wig = 11602-117 02 = 2 x 2000 y _1
2& % 28 .84 (Due to oroduct flash)

Wig = 32,00 Mols/Hr
- Ccrwgloaitién

Siream 15 / stroam 17

Woga = 5,074 L72 = - 9,79 Mola/Hr
Wy = 7.99#13.88 = 21.87 Xols/Hr
\ Wy = 0,2240,20 2 0.2 Kols/Hr
Bathalpy |

At 21 PSIA and ~304.3%
Big = 91,10 Btu/tb
Point 19-N Waste Air Lzaving Subcooler (Same as Point 18)
Pressure o : 21 PSIA

Texperature : : ' 2304.3°T

XADC TR SL-19 PT 1 26
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Fluid State B . Saturatsd Vapor

PR S

Fluid Flow Rate L o Sane as Point 18
‘*’19 = 32'08 "OIS/HP

Composition B Same as Point 18 ;
v - Woz = 9,79 Mols/Hr - i '
' Wna = 21,87 Mols/Hr ;
Wy = 0.42 Hols/Hr |
Enthalpy )
As shown , .
Hig = 91,10 Btu/tb )
roimt 20 Liquid Nitrogen Entering Subcoolsr - : . _ , *
T Pressure | . 52,2 PSIA ,‘
. Temzraturs | o = -298% -%
S | Pluid Stats " Saturated Liquid "T‘",
 Flutd Flow Rate . M
W = 2x2000 . ,
.. A x0.86x28
*20 2 6,92 Hols/Hr ?; !
Comp;sition | %
WMy T 6.2 x 0,99 = 6.8, Mols/Hr ,>§
Wz = 0,04 Mols/iir | ) |
WA = 0.04 Mols/Hr , | , . . ,
' It 15 assumed that the impurity is squally divided bac _7 ; 5
twesn oxygen and argon. ' ) :_
Enthalpy ‘ , 'Té o
At 52,2 PSIA and =298°F | T
#
A

Bx = 12.02 Btw/Lb |

CWADC TR S4-19 T 1 | BN
27 S

E {

o




B
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Point 21-N Liquid Nitrogen Take-0ff{ .

i S : Prassure

Temreraturs - —296°T b

. Fluid State U Vapor ’ xq
! | 868 Liquid (f
SR - TFluid Flow Rate | I
1y » o B |

¢ ? " ' ' L 21 2 6,92 Mols/Hr

5 Comnoaition

[ o

N2 = 6.8, Mols/Hp

R L

or = 0.4 Mols/Hr

At ———

Wa = 0.04 Mols/Hr

T S e . T s

A | ¥ = 0.97 ¥ols/Hr
C o ¥ 5,95 Molw/Rr
i L. Ethawy -

At 14,7 PSIA and -298%F

| B = 12,02 Bw/ib o B
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.
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i 't
, The conditions c.icﬁlated ror the varicus noints in the flow diagrea ars } »
surmarized balow, i ! 3
| | wetal ’ 3
ST SR A S R - 1
T W7 ™ B 157 LG 16616 Vepor 1827 516 , ;
2N 14,7 80 3?,75 1\;1.70 1.56 156402 v‘.mv;aa.so   831.005 , j
LT =272 32076 121,70 1456 156,02 Vapor 95.79 43,005 |
WN AT w272 3276 120,70 1,56 156,02 LiokVap 89,72  AOk,5k6 E
5K 17 w272 501 20,72 0.2k 26,07 Vaper 9579 72,170
= 2.2 -280.5 5.1 20,72 0.2 26,07 Vapor 95.79 52;170 :
7R LT 22 2293 93.00 109 L7.02 Vapor 9579 323,9%
S . |
&N 12,0 =240 22,93 93,00 1,09 117.02 Vapor 104,50 353,406 ;
108 21,0 %6 22.93 93,00 1,09 117.02 Vaoor 90,93 07,5L 4
LUK 20 -6 37 18 151 W90 Vapor $0.97 302,55 g
. 12K 19,0 -283.6 3?,_72' 11L.s7 S 150 149,10 Vaper 97,71 #19,911. ;
13-8 14,7 72 32,72 11487 151 16,10 Vapor 182,97 789,548
Ul L7 2756 L2 M9 0.2 1293 Liqud 22,55 8,426
Is - 215 =343 b2 TW99 0422 12,97 Liok¥ap 22,55 8,k%%
16 52,2 2.9 5.07 13.88 0,20 19.15 Liquid 12,77 7,067
17 2.5 3003 507 . 13,88 0.0 19,15 Lighep 1,77 7,087
1825 L1399 2087 0W2 32,08 Vaper 91,10 85,09
190 20,0 =343 979 21.87 0.2 . 32,08 Vapor 91,0 5,00
20 2.2 208 0.0k 68 00 6.9 Moud 1202 2,329
2 L7 w298 0,04 6,84 0,04 6,92 LiaMap 17,020 . 2,325
| _‘ig |
5
.
p
Ul




 Heat Balance , , ,
 For any heat balance §, = gy where 3 = W(Lbs/Hrix K{Btu/Lb)
Heat Exchanzs:: Baiance

Un= Q@+ Q‘? + Q)p where Q, is corrected to allow for the loss due to
reversal s ;

= 831,005 323,950 + 419,914
T

4

SRR TR T earo N e

= 431,515 #353,406 769,548

| = 1,57,869

- Alr Idquifier Balan'cko“ B

Qi',‘ = UrQyy L : Ch T : ‘ -

e
et At
L e T T

431,915 + 392,545
824,460

e

‘.

out = Y+ Q. : :
= 40,546 + 419,504 ]

= 824,460 7
=g
= LOL;5kE

Sout = Qs+ Qy ¥ 8§y,
= 72,170 # 323,950 + 8,426
2 404,546

NF

M i .
- i e e i T S T T Y A e A :
> ’ 4 | : '
|
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Turdo Exsander Heat Balance

Qn =
s
Qout =

Qwork =

{3

Distillation Column Heat Balance, i

A %+ Q15>+ QHeat Leak

Un =

WADC TR 54=19 PT 1

Qg

353,406

N10 + Quork

307,514 + Qg

353,406 = 307,514
45,892 o
Cor

18.04 H.P,

/72,170 +8,L26 + (156.02‘:‘:‘-‘1.5 x 28.9)

Qe+ Gy - o
8,08 2,329

87,360
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Overall Feat Bajance - ) | | | ]

Liquid Oxygen Production 1

.

!? . : 3
"‘ 100 Lbs at 79 Lbs Ny & Argon, (2-x) Los 02 Js

. 100 P3I0,E00F ap | 1PSI0, 7207 v
L “Hp s Enthaley | By o Enthaley i
’;r | (Ref, Page 12) Separator | {
Co P | . ' » Rofrigeration = R i

; ,

(Ref. Paze 12) .

-

e e ———
e

Heat Leak = H,1. - - liquid Og Dnig'
. : (Ref, Page 12) | ' x Lbe at 14.7 . 7A
BT o - o i B - "2980? E » S
S o - Hy s Enthalpy - N . }

T

-~ “Pigures Liquid Oxygen Génerator Heat Balanow

Nl

= N Sﬂtndpy of the Liqutd 0 nmn.d, Hy

At the conditicns of 14, 7 PSIA and -298‘” the enthaluy of the liquid 02 is

. H o= 8,89 Btu/Lb . e
For bea d;linad
Ho w as9xstu T

. _ ... _BEnthalpy of the Effluent Waste ALr, Hy

k)

= w-:xﬂmn%mmmmmmmmmmnmmmmmﬁmwﬁT“‘f' TR T e
. . ' ) o [ : . "‘ N
. - « ] s R -
|

o ilesat reri] W thes W e

- ' At the conditions of 1 PSI0 and 72°P the thlpy of the walte alris cqunl‘
. to the sum cf the en'ohalpiea of the constituents,

The enthalpy o!’ njtrogm ut these conditions is -

Hyw =" 183.5 Bru/Lb |
| All of the nitx‘ogen contained in ths intake air will be waste thus

L

Huw- 1835:79 .uaevmu

The enthalpy of oxygen At. these conditions is
How = 181.2 Btu/Lb
WADG R 5419 Pt 1 32
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§ hacoo N shmaete o YRRy - i acaie — S e i o 2 i ' R et
i . :
ﬂ _ The axygen containad in the wast@ air will be

_- (21 = x) Lba/100 Lbs oi Air Feed

, Hog ® 1812 (21 =x) o

2805 - 181,2x Btu

Gree “l.r_ e
"
\

1 7 M w HwgtHow = 14,4977 3,805 - 18l.2x
I | Bz 18,302 - 18l.2x Btu
Pl Total Hegt Balance | '
L The total heat balance will be . i ‘
I o HArH L = HyrRrHy
; [ e 7 : o
; , 18, h30+l50 = 13,302 - 181.2x+1,018+8.89x
& | T Vs -
; R u 29 Lbs 02/100 Lbs Air Pead
i 7 This iﬁdicat.ea [§ h.??! recovery: by wai ght. ?9,’ two tons per day f)he"
< i - required air intake vill be R
] L R = QTgnsx&OQ‘&gxiMx;__r_gx 1 Cuftx_1
{ F o : — Days 1 Ton 24 Hr & Min 0.0‘75 b 0,0429
:i LE Q = 863 3TFM. oo A T
1 Ef ’ Aasuniu s 3% loss during r&érsal .
{ £\ *" i 0403 % 863 £ ’5 9
| Q% B63725.9 w 889 say 90 SCP
B
?‘ Sineu the expander requira! 750 SCP'H md t.he conpreasor: :ro capable of
i 1000 SCPM
Q@ = 1000
. . 1000 x 24 x 60 x 0,075 x 0,0429
’ 2000 :
Production = 2,32 7/D
} 0 including Reversal Loss = 1030 SCFM
B Fg | 33
»g _VADC TR 34=19 PT 1
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WADC TR 5L=1i5 FT 1

7% Revera:l Loss not included in Point 1 Tabulation

g0

[N

I3

R Bk T — ;—~§:
Do
Sumary; Iiquid Oxygen Production ' i
A in the liquid nitrogen cycle the following point.e‘ are th:e result of the 1
thermodynamic analysis: : o , } :
§ B
| o ]
B Ko, mg E. Cmpo;;tion (I.i: Hola/& Phase w Heat :3
k10 T 70 3270 121.45 1.56 15570 Vapor 182.7 822,333 ?
2.0 1147 80 32,70 12145 1,56 15571 Vapor 184,30 829,354 %
é-o 114.7 272 32,70 12145  1.56 15571 Vaper 4 95.79 fa31,059’ j
40 L7 =272 3270 12045 L6 1550 LiokVap 89,22 AOLAS2 - |
50 1.7 =272 L.86 19.85 0.23 2.9k Tapor 9579 69,005 |
22 - 89 276 L85 19,85 0.23 2.9 Vapor 95.79 69,095 ||
70 M7 22w 5293 108 LJe Vapr 9579 33,86 | |
80 2.0 -uo 22,7 92,93 1,08 116,78 Vapor 1045 32,68 1 |
S100 21 =306 22,77 9293 1.08 11678 Vapor 90.93 206,883 ,;§ )
1-0 21 . =305 26,69 12145 L.53 - 149.67 Vapor 90.557 390,149 jé |
T1o 1 -281 26,69 J2L45  1.53  149.67 Vapor 7.5 M98
130 17 72 26.69 12045 1.53 L5.67 Vaper 162.97 788,598 3
-0 1147 2756 5,10 8.8 0.2 13,96  Liguia 22,55 9,111 '%; |
150 22 ~304.3 5.10 8.4 0.24 13.98 LigAVap 22,55 Su1 J«, 7
23 e 282 L. 19.85 0.23 2.9 Liguid 198 13,84 ;f |
g 21 -304.3 4,86 19.85 023  2u.9% ILieAVap 19,18 13,8 ¢
25 21 115 3.92 28.52 OS5 32,89 Vapor 86,96  €2,757 |
190 21 2305.0 3.92 26.52 0.5  32.69 Vapor 87.8 83,28
26 2 291 601 0.00 0.03  6.04 liguid 11,43 2,209 ~;§ ‘
210 L7 =298 6,01 0.0 0.05 6.0 lLimuid 8,89 1,78 lgi é
| | R
NCTEs ;;,.!
|
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X Smin

Incoming Air
100 Lbs at

100 pPSIG, 80°F
Hy = Bnthalvy
(Ref. Page 12)

~ Pump Input = Hp |

H“t Lm .‘HoLo -
(Ref. Pags 12)

Alr .
Separator

Qassous Nitrogen Production

Wastes Alr _

(78~x) Lbugié,
1 pP8IG 72%p
By = Enthalyy

(Ref. Pags 12)

"1 Nitrogen Product

X 1bs &t
~Hy = Ebthslpy

7 FSIA

Figure 9 Gasscus Ni?rogen Heat, Balance

Eathalpy or the Liquid Hz Pumped, HN
At the ‘eondition of LOIL 7 ”SI& the ent hnlpy of the pumped nitrogen is

Hy = 12,02 Btu/Lb
?of x Lbs pumped
Hy = 12,02x Btu

Enthnlpy of tha E!flueﬂt Wasts Air, ﬁw -

© 7 At the oonditiona ‘of 1 PSI0 and 7297 the enthalpy of the wrste nir 1l squal

to the sum of the enthalpies of the ccnstituants.

Hgy = 183.5 Btu/Lb

- The nitrogen sontained i ‘the waste air vill be (78 - x) th/loo Lbs of

Air Peed thus
Hw = (78 = x) 183.5

= 1,313 - 183.5x

The enthalpy of oxygen at these conditions lé

Hye = 181.7 Btu/Ib

WADC TR SL=19 FT i

22 Lbs Oz & Argon

» Refrigeration = R .
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g g _ ALl of ihe exygen contained in the intake alr will be Wasbe hemge
J T How = 181,2 x 22
d = 3,986 Btu
l f ' o W o= Hng+ How = 14,303 - 183.5x + 3,986
; | By » 18,299 - 183.5x
g ; ‘ Pump Inout N
3 L It is estimated that the mump input to ths circuit is_‘z'H.P. or
] ¥ . - - P
.1 B ,2 E%P;% x QSM % xlz%._g g_g_'.iz; 2 30.53 Btu/Lb #,
f -~ 8ince there are to ba x Lvsof nitrogen pumped per 100 Lts of «ir feed
P B e 305k Btu |
‘ rum Heat Balance
J ; The total heat balance will bs . . EE—
: L ‘HA+H.L.+BP z Hy+Refy
‘_ . 1830450 ¢ 3053 = 15,259 - 183.5x + 1,008 + 12,02
| g 18,580 + 30,53 w 19,007 - 17L.4ex
. F 02.0x = 737 |
; “ x = 3.65 Lbs !2/100 Lbs Air Fesd 7
- 4 This indicates a 3,65% racovery by weight. For two fonn per day the
] required air intske will be '

Q w 2T¢mu x 2000 Lbs x_;. lﬂr-xl G'l"‘tx 1
] Ton Zhﬁ,r 66"HIE 0

Day 1 Ton 0.0'75 Lo 0.0385 -

3 = 1035 SCMM

——

L ]
Y

Since 3% is assumed to be Reversal Loss

T T T

0,03 x 1515 = %0

vy
-

Total Alr Required = 1045 S.C.P.M,

WADC TR 54-19 FT 1
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© o Summary:

&
a

-
]

|

#1-PR

2-PN

3-PN

PR

S
6=PN

7PN
8-PN

10-PN
11-P¥

12-F%

13~FN

L4-PH
15-PN .

27

16-PN
17-PN
18-PN

20-PN

29
30

- 3 = 3 - T8 e W i aiin et e s e e et —
Casecus Nitrogen Production i
, As in the liquid nitrogen cycle the féliowing points are the result of the .
thermodynasmic analysis: o
Pressure Temp, Composition (Lb Mols/Hr) Eathalpy §3i:1 f ?
(PSIa} @ Yz A Tozal  Phass 3tu/Lb  Btu/Hr S E
14,7 70 3319 123.27 158 158,04 Vaver 1827 859,355 1 E
4.7 80 339 123,27 LS8 156,04 Vaoor 18430 76, : E§
Wr -2 39 1227 LS lse.o Vapor. 95.82 437,624 3 :
WL7 w272 3309 12327 158 158.0L  LiaMap 89.14 407,123 : ﬁ
LT 72 A6 1999 023 25,08 Tapor 95,82 69,45 B
52,2 -282.5 L.86 19,99 0.23 25.08  Vapor S3.82 ;69;2514 ';
4.7 =272 22.05 94.38 1.10 118,57 Vacor 95.82 - 328,268 |
12,0 -200 23,05 9438 1.10 118,53 Vapor 10456 358,163 :
20 4307 23.05 9%.38 100 11853 Veser 90.80 311,070 - )
2.0  -306 --33,16 117,38 1,55 Jsz.oé_,vvgoog 50.96 399,59&57— g
19.0 <200 33,16 117.38 1.5 152,09 - Vapor 97.90. 430,305 f
1.7 72 33.16 117.38 1.5 152,09 Vapor 183.04  &0L,530 3 |
MA7 2756 5,27 BSL 025 L3 Lawd 2255 9,40 1)
2.0 -30h.3 5.27  BSL 0,25 1443 LiokVap 2255 9,404 i,
210 -304.3 5,27 B9l 0,25 Lhu3  LioaVap .75 1,452 E %
52,2 -291.9  4.83 14,10 0.20 19,13 Lieuid 12.77 7,060 s
21,0 ©=30L3 483 1410 0,20 19,13 LiokVap 12,77 7,060 |
21,0 -304.3 110 23.01 O0u45 33,56 Vanor S91.49 88,73 i
Hi? 298003 589 0,03 595 Liguid 12,02 2,000 |
W47 298 2,03 5.5 0,03  5.95 lLiquid 12,02 2,060 §
L0147 -298 0.03 5.8 0,03 5,95 Vapor 12.02 2,060 i i
NOTE: 3% Reversal loan not included in Point 1 Tabulation % |
f

SN

WADG TR SL=19 PT 1

3

7
!




A BN DA TR AR VY DAT T M T e 2 A et e 3 s o S i e L TR

Rudsaiisiealialeid ae o de

-~

s o s

. -
elhed 1) ",'Jc“"wr"’ﬂ‘"‘““

T A ik s T R ey 4 e T T T e et g N R TR i ] s : . [ S P xcute

T O S (ISl [y -~ e A T

Ovaral), Heat Ealance

Oaseocus Oxyren Predustion

Alr Intake - Waste Air

100 Los &t | 75 Lbs Np, (21-x) Lba O,

ioo ?gIG 80°F Al 1 PSIQ, 72°F

T S P RS

Pump lnmut 2 ﬁp ” B —p. Refrigeraticn = R
(Ref. Page 35). (Ref. Page 12)
Heat Luak » H.L. | Oxygen Produet

(Ref. Fage 12) L x Lbs at LOl.,7 PSIA

Ho - Enth&lpy
Figure 10 Gaseous (xygzen Heat Ba]ance

Enthalpy of the Liquid O, Pumped, Hg
At the c:ndition cf L0147 PSIA the enthclpy of the oumped liquid is
Hy = 8,89 mu/Lb
For x Lbs., bumped _
Ho = 8,89 Btu
.Eﬁth;lpy of the Effluent Wusﬂe Air, VHW -

At the conditions of 72°F and 1 PSIG the enthalpy of the efflusnt waste air
squale the sum 6f the anthalries of the constituents,

The enthalpy of nitrcgen under these conditions is
Hyw = 183.5 Btu/Lb
Al of the ni*rowen centained in the intake air will bs waste thus
CHwi= 18305 x 79 = 14,497 Btu
The enthulpy of oxygen undar these conditions is
How = 181,27 Btu/Lb |

»fﬁ 38
WADC Tk 54~19 P2 1
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The cxygen contained in the waste air will be

(21 .. x) Los/120 Lbe of Mr Faed hence

How = 181,2 (21 = x)
= 3,805 - 18l.2x
Moo= By b Hooo = 14,097 + 3,805 - 181.2%

Hy = 18,302 - 181.2x Btu

Total Heat Balance

The total heat balance will be

Hi¢ H.L.+ Hp = Hy +R +Hp

18,430 + 150 + 30.53x = 18,302 ~ 181.2x +1,018 + 8,89x

40 = 203.74%

X = 3,63 Lbs 0,/100 Lbe Air Feed or & 3.63% by Qeigh’t recovery

The r&quirea air intake for twe tons per day will be

Y = 2 Tons x 2000 Lbs x _]_..vDavs X ]__H___
Day 1 Ton 24 Er 60 Min (0,075 Lb

& 1020 3CF#
Assuming 3% Loss upen Reversal

R = 1050 SCPH
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Surmnary: Gaseous (xyssen Preducticn

TR

As in the liquid nitrogen cycle the following pointa ars the result of the
thermodyranic analysis:

Pt., No

Pressure Temp,
5

o Combcﬁ%tion XLb Hole4g€gl

AN

13
2-P0
3P0
L=EO
5-PO

- 22-PO

7-PO

2-P0

10-P0

S 11-R0
©12-P0

© 13-FO

14-P0

15-P0

28
23-P0
244-PO
PE_PO
19-F0
27. PO
2

32

{P3T4) (F
W7
114.7 80

14,7 =272
14,7 -272
114.7 -272

B9 =276
114.7 o7
12 N -2&6

2 . =306
a -5
2 lger
14.7 72
14,7 -275.6
21 3043
21 -304.3
89 282
21 ~304.3
21 -311,5
21 -305
”n 201
21 -278

40LL.7 -268

33.35
33.35
33.35

33,35

4.L3

IL.LB .

22,89

22,85

22,89

28,17

28,17

. 28,17

6.03
6.03
6,03
b43
bat3
5,28
5,28
5,18
5,18

5.18

123.88
123.88
123.88
123.88

59
1.59
1.59
1.59
0.21

-

9,21
1,09
1.09
1.09
1,56

S 1.56

1,56

0,29

0.29
0.29
0.21
0.21
C.47
Q.47
C.03
0.03
0.03

Total
Prase Wil Hoold
150,82 Vapor 1227, 838,758
158,82 Varor 184,30 8,5,918
158,82 Vapor 95,79 439,666
158,82 LickVap 88,11  LOL,433
23.04 Vamor 95,73 63,782
23,04 Vavor 95.79 63,782
119.12 Vaner 95,79 329,764
119,12  Vaper 1(L.50 359,748
119.12  Vapor - 90,93 313,033
153,61  Vapor 90,02 398,193
153,21 Vapor 97.98 433,426
153,61 Vacor 182,97 809,694
16.66 liguid 22,55 10,887
16.66  Lio&Var 22.55 10,887
16,66  LigkVap 33,11 15,942
23.04 Licuid 19.8 12,771
23.00 Ligt¥ap 19.18 12,772
34,49  Vapor 87,71 8L,703
3L.49 Vavor 88,14 85,127
5,21 Liquid 11.43 1,506
5,21 lLiquid  8.8% 1,482
§,21 Vanor 8.8% 1,482

NOTE: 39 Reversel lLoss not included in Point 1 Tabulation
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General

The ajquinzerd specificaticinas llzted balow arm nongidared to i7ct the
recuirements of the liquid oxygen, nitrogen generator from the viewpoints of
performance, size, and weight., Howsver, they shall bs subject to nossitle ¢hanges
resulting frem final design censiderations as well as availaki’ity of materials,
The layout of the equinsnt comronents within a semitrailer in *llustzated in
Figure 12.

SEMITRAILER

Descrivtion

Semitrailer - The gemitrailer shall ba a Fruehauf semitrailer, It shall be
eonstructed so that it is adavtable for towing by & standard Army truck
trictor, and shall withstand the strains of aervice enccuntared when

toved across the country with full sGiioment., The unit shall not exceed
the fellowing dimensions: -~ '

Height: 12 ft, O in, . S '
Width: 9 ft. 6 in.. )
Length: 32 ft, 0 in, :

The total weight of the semitrailer and emuipnent shall be aroreximately
45,756 pounds, of which aopreximavaly 16,450 pounds shall menresent the
welght of the semitrailer., The semitrailer shall nermit 2 clear swaep

~of 70 inches hehind the king rin for full turning, A standard SAE king
oin sha:l be srovided and shall be lccated approximately 22 inches btack
of the trailer front edgs to oerrit the swinging of the trailer cormer
through a clear gpace of 62 inches, The trailer fifth wheel rlate shall
he of sufficlent size to [it a- 36~inch diameter fifth wnesl on the truck
tractor snd snall be 53 inches [rom a level ground surface when the
trailar floor is lavel,

. Running Gear

wheels - The wheels, studs and caop nuts shaell conform to aprlicehle Gov~
srnment specifications,

wneel Huts - The wheal hubs shall te fitted with tavered roller bearings
of adaquata size for the required speeds ard loads, Bearings shall
conform to SAE standards. ’

Tires - Tires shall ts of the heavy duty, truck-and=-bus, balcos type, with
nondiractional mud-and-snow type trasd, '

Tubas -~ Tubes snhall be of the heavy duty tyoa,

41
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“cnain tu each of the air hosé couplings. Two detachable air

Brakes
 Ssrvice Erakes - Service brakes, controllable from the driver's seat of the

wowing vehlile, shall ba provided, The drums shall have flanges or

mbbing to prevent odjectionable distortlon when the brakes are avmliad.
The brakes shall be of the internal mxpanding, two shoe, hmavy-duty typs,
naving constent 14f¢ cams and rigid brake-shoe anchors, and shall be

operated through fully enclosed wort—guvar Lype slack adjusters. Brakes,

- anchors, and camn shall have suitable lubrication fittings.
Service Brake Controis {Air) =~ A11 datail parts and assemblios of ths brake

contrel system shall be equal to and interchangeable with the equipment
marufactured by The Bendix Westinghouse Automotiva Air Brake Company,
Elyria, Ohie, and shall be installed 4in accordance with the mamuflacturer's
latest racommendations, The controls shall be provided with standsrd :
emargency broak-away fesatures, The break-away arrangament shall confora
1o requirements of vhe Interstate Commesrce Cormissicn, The controls
»shall be nealed in a manner that will ensure satisfactory operation in
inds of weathay, All chambery shall be provided with drains on the

a.LJ. ALU--
Air hoss connuctinee srd fittings shall be of ths

non-pressurs side,
replaceable tyre with spring provecrors, Alr line fi{lvers snall ov

provided in both emerjency and sarvice lines,
check valva and heavy.duty clamping atuds shall be furnished. The
riandard air.brake couplings shall be provided for connecting the brake
iines tn fthe towing vshiclae, A dummy coupling shall be attached with a
o33 Tines
of vropar lengih and equipped with standard air hose couplings, shall be
munnlied for connecting the braks aystem to the towing vehiecle, ¥hen
detached;, the hose lines, with electrical connecting cavls, shall be

carried on the zsnarating olant,

Parking Brakes - In tddition to the air-brake mechunism, a ratchet-and-pawl
- . type mechanism, or equivalent, shall he srovidad for operating and metting

tixe brakes by hand. This Lrake shall be capable I skidding the wheeles
untder 1) leoad on a dry, level, concrete pavement. The parking brakes
shell Ye oparated by a crank or lever nlaced in a suitakle, srotected
position on the right hand side or rear of the vshicle, No part of the
brake machanism shall be g factor limiting the travel clearance,

Landing Gear - The landing gear shall be of ruzged construction, shall be

. mamially ovoerat.ed, and ahall be so designed that the whaels may be inde-
pendently sperat.ed tc serve as leveling Jacks, The larding gear shall
be vrovidel with a locking mecnanism to lock the landing gear in any
positica, Two, btuiltain, screw-typo leveling jacks shall be provided at

the rear of the trailer,
Suitable jack planks shall be furnished, conveniently mountead under the

trailer,

Body - The “ody shall ba af van—type with door and/or wiriow spenings designed

to gfford tihe most efficient operating conditions. Tha roof shull be
eroWned Jor drainage murnoses, and shall be mads in resovable caections or
provided with rencvable hatches to permit removal and replacement of
equivment comoonsnts within the van, The roofing material shall have
sufficiens strength tc supwort a 200 pound man walking thereson, Suitable

heavy-duty dris zoulding shall be provided sround the enitire roof,

#iD0 TR Su~1y PP 1 “3

A relay emergency exhsust

The jacks shall be dirt-prool and sulf-aligning.
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Floor - The asmitrailer floor ahall bLe adeyuata for the equirment loads and
operating conditicns. When an all metal floor ias nrovided, it shall be
coated with a suitable non=-slild, plastic material, When a wood floor 4s
provided, ths wood for ths floor shall be either maple or birch, seceond
grade, in accordance with the Rational Maple Fleoring Mamufasturaris
Assoclaticn Orading Rules; or ocak, selsct grada, in accordanse with tha
National Osk Plooring Marufasturer's Assocoiation Orading Rules, Wood
flooring znall be not 1ass than 1 inches thick and shall be surfaced
two gides and tonque-and~-grooved, Flocrs shall be chemically treated to
repel insects, Flooring shall 1run lengthwise of the trailer and shall
be secursly fastenad to asch cross member by means of galvanized wegd -

" sorews with heads countersunk to bs {lush with the floor, The flnor shall
be ssaled at all foints with piteh or other suitable sealing comoound,

Doors and/cr Windows - Doors, remcvahbie panels or hatshses shall be provided

on the semitrailer as required for comveniencas of onsration, aeoessibility,

of plant comronents, and to facilitate removal of squirment for repair
and maintengnoce, Windows shail he irstalled in the van-typir body of the
seritrailer as required, Windows shall be glazed with shatterproof glass,

- Steps = Lemwuntable=typa steps nhall be provided for use at the doors. Steps
- shall be provided with suitable gradb “undles and non-slip tread plates,
ard shall bes =usily attached and detached at the sill, Provision shall
bs made for stcwing steps inside tra samitrailer when not in use.

Wiring - The vehicls uhall te wired for an electrical suoply of 24 volts
direct currant, Cable used for wiring shall be ennased in fleible non-
metallic tubing, Temminal lugs shall be soldered to trs wire ends,
Junction blocks shall have hases made of thermosetting, laminated,
phenol formaldehyds plastic, or other squally suitatle matsrial,. ‘nd ahall
be equipped with suitabls studs, washere and nute for the attactiment of"
terminal lugs, The circuits ghall he aolor or rumber tracad, Suitable

- gromaets, or clampe, to nrevent chafing of cabls, shall be furhished whers

wire passes through structural members, A receptacle with hingad cover,
to allow the running lights of the semitrailer to be controlied from the
driver's seat of the towing vehicle, shall be recassed in the frame, A
cable to connect :hertrailer to the towlng vehiole shall be piovided,

Lamps and Reflector Assenhiiss - ALl lamps shall be rsndily access’.ble for the
changing of bults and lenses, and for making revsirs, The s:op ard tail
lamps shall be recessed anproximately # ineh from the surfacs of the
frame member,  Tha following lamps and reflectora shall be rrovided on
the vehicle, locatad to conform to Interstste Commerce Commission Motor
Carrier Safety Regulations:

Rofleat Reflector (Red and Amber) .
.Recentacle and Hinged Cover Assembly
neH. Tall Lamp Assembly, 24 Volt
L.H. Tall Lamp Assembly, 24 Volt
Clearancs Lamp Assembly, 2L Volt

Semitraller Insulation - The semitrailer operating spacs shall bs insulated
with muitable insulating material such as mineral fiber bonded together
with a tharmoeetting vlastic resin to form a resilient, semi-rigid,
dimonsionally stable insulation, sealed in vlace azainst molsture
infiltration,
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Flectrical Equinment - A suitable numbar of deme lights with necessary wiring
and switches, and w!th btulba of suificient candlepowsr shall be irstalled
to provids adscuate 1ight for oparatine the equirmant at ninht, A suf-
ficient number ol conveniencs outlets shall be provided for emergsicy
droplight cords. An smergenoy auxiiiar; 1lighting syat.em sunolied by
nower from the 24 volt dieael engzine starting battery bank shall te orovided,

Construstion Deslgn Methods ~ A1l eonstruetion design mathods and materialse
for all pvarts of the unit shall by galected for the lightest nosaible end
{tem without ea*rifice of dapendability and strength,

Lubrigsation - nll noving parts shall be providad with suitabla means of
lubrication, '

Lubricants - All movind parts shall be designed to overate efficiently and
satisfactoril:s when lubricated with standardrArmed Frroes lubricants,

Orezss Fittings - CGrease fittings ahaii be located in accessible, protected
positions, A bright red eircls shall be painted around sach lubrlcatling

point, ) \

Caution Plates - Where the use of high-nressurs lubricating equipment, 1,000
" PSI or higher, will damsge vrense seals or other warts, a suitable warning
shall he affixed to the equinment in a conspicucus locstion,

Fungus Control ~ The semitrailer shall be treatad to reaist the growth or
furipus,

1ifting Attachments - The semitrailer shall be providdd with !uit&ble 1ifing
attachments te enable the tratler, with all equipment installed in i%, te
bs 1ifted in its normal position, The-lifting attachment shall have a
minimum safety lactor of five bused on the uitimate strengih of tho materi-
al, The eye of each 1iftirng attochment shall be not less than three inches

i in diamster, )

Manufacturer's ldentiflication - Tha ﬂemltruxler shal’ bear the namuructurar’s
name and/or trademark 2. & rama nlate securcly affixed in a consnizudus
place, In lisu of the name rlaxe, the mamufacturerts ‘dentification may
be cast integral with, stamped, or otherwiue perianently marked upon the
comoenents of the aquirment, )

Instruction Plates - The semitrailar, when aoplicable, shall be equioped with :
instruction plates, suitably lecated, desoribing any special or {mportant
proseduras to ba followad 4n overating and serviciay the squipment,

Treatitent, Painting, and Stenciling - All rarts ¢f the semitraller body and'
nunning gear shall be treated und painted to resist the effects of sand,
dust, mumidity and moist salt air,

Sterieiling - The gross weight of the semitrailer with 211 squipment installed
ir it shall be stenciled on aach side of the samitrallsr in such manner as
to ba repdily dimcermible to military personnal, The prescribed tire
pressurs shall be stenciled on-tha frame 9r body of the unit 4in a poaition
riear the whesls, using block- or stencil-type lstters not more than cne
inch high,
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AIR FILTZR
Description
- The air filter alemusant shall bas g Dollinger Corporation staynew Model
WKE-L, dry panel type air filter, comolete with ¢ell frame and insert. The
filtering medium shall su bonded plass., Two elements shall be required, They
shall be mounted in a lightweight steel duct,
Spneifications

Kominal Fllter Element

Size, Ins, '
Helght - : 20
‘Width v 25
Thickness ‘ . 4
Normal Capacity ‘
AMr Volume, CMM 750
Air Velocity, FPH .
Maximum Capacity » ' ‘ : :
Air Volums, CFM ‘ S ' 1000
Aly Velosity, FPM ‘ . : 40
Active Filtering Arsa, 8q. FE, - ' 7 : 25
Pressura Drop ' I S :
&y 750 OPM air Vulumn, Ins, of WAter T 0.0z
(At 1000 CPM Air Volume, Ins, of Water : : C.04 -
Duot Size - |
Heignt, Ins, 20
Width, Ins, 1
L”‘{,’bh, In!. u
. Approximate Total Weight, Lbs. 125

T AIR COMPRSSSOR

Dascrintion

The air cozpressor shall aonsist of thres Read Btandard Corporatior,
"Standardaire™ blowars,. Each blower shall te a three lobs, rotary, rositive
displacemsnt, axial flow, horizental, heavy duty blewsr having helical motors,
By compcinding one Model BBlL, one Modsl 7BIO and one Model 5BIC blowsr, 1000
standard cublc fest per minute of air shall be compressed from intake conditions
of 1.7 P3IA and 7Q°F ¢nd diseharged as oil-fres air ¢t 114.7 ESIA, Each
blowdr shall ne squicped with a shart extssion to provide a drive for an inter~
coolar or aftersccler fan. This extension shall be carable of tranemitting a
locad of 10 horsepower to the cocling fan by either a diraect crive or through
tha uve of & V.bslt drive,
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; Fach stage snall be tasted individually in accordance with the American
: dociety of Mechanical Engineers Power Test Code (PTG 9-39). Zach stage snall
‘ . : bs guarantesd to be within the permissible limit of 3% of the snmecifications
ilsted below, '

. Specifications

,; | st Stage  2ad Strge  3rd Stags

S Blower Model 8BlL 7810 §B10

i Spesd, RPX 2330 2390 3220

b | LI Intake PT‘B!SU.!‘O, PSIA Un56 - 3‘00‘& 59-9

g * Dischargze Pressure, PSTA 31.4 60,3 115.7

by -~ Absclute Presrure Ratic 2.16:1 2,011 1,931

i ' Intake Volums, CFM , 1190 556 m

f ! i Intake Temperature, “Rankine 530 560 560

k : Discharge Temperature, OF ' 264 302 287

7 Adiabhtic Horsepower ' 60 565 52+3

: , Brake Horsepower . 102 ~103 99

- : Overall Adimbatic Bfficiency, ¥ 59 . 55 53

P Direction of Botation, Viewing Driveshaft - :

# o o ’ End _ Cloukwiae Clockwise Clockwine

3 - Anproximate Size : :
Length, In. .. - 45-3/8 41 A}
wideh, In, IR ' 26-5/8 24-5/8 20-1/2
Height, In, , o 24=3/4 - 23-1/2 17-1/4

Approximate Weight, Lbs, 1227 950 e I

B

TP

_ : ' INTZRCOOLERS AND AFTERCOOLER

T

sy

Descﬁgticn

The intercoolers and afterccoler shall be Trane Company coclsrs, They
'shall b ol all ajuminum construction, The cooling air face shsll measure ,
20-5/2 inches by 32 inchas, and the cocling eir flow length shall ha 10 inehes,

‘k&!ﬁ’f‘.f;’ i Eé"-,( 7.

% )  pecifications : -
1, B : o 1st Stage . 2nd Stage 3rd Stage
= ; : Cooler = Cesler Coclex
= Duty, Btu/Hr 235,000 270,000 235,000
ma g ‘ " Rot Alir Side ' '
= .. Plow, .Ibs/Hr 4,500 4,500 sy 500
B i Inlet Yerveraturas, ©F A 302 -1 v/
{1 e Outlst Temperaturs, °p 90 %0 %0
25 I v Inlet Pragsure, PSIG 16.7 L6.7 101.0
S SRR Pregsura Drop, PSI 0.49 0.30 0.22
4 b HL/, Bru/Hr, 33.Ft., OF  27.8 27.8 27,8
e el Humter of Passages 2 ' 24 24
i B Flox Length, In, 12 32 32 |
’“j ; Fin Type L/8 In, Serruted 1/8 In, Serratac. 1/8 In. Serrated
!g’;d

Fin Height x Thickness,In., 0.375 x 0.006 0,375 x 0.006 0.375 x 0.00%

e 3
s

M

1/ Sensible heat transfer coafficient corrected for fin effisiency,

4
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let Stage

2nd Stage

Cooler Coolar gooler

Fir Spacing, Per In, 12 12 12

Tatnl Surface, Sg. Ft, L) 541 541

Air Inlet Conneotion 3ize, In, 6 4 3

Alr Outlet Connection Size, In. 6 4 3

Air Blowdown Connection Size, In, 2 1-1/2 1-1/4
Cooling Air Side T

Flow, Lbs/Hr 13,%00 13,52 13,500

Inlet Temperature, OP 80 o)

Outlet Temperaturs, OF 162,3 . 143,1 152,73

Precsure Drop, Ins. Water b2l L.28 4ol

H, Btu/Mr., 3q. Ft., °F 22.9 22,9 22.9

Hunbar of Pascages 25 28 .. .28

Flow Length, Ins, 10 . . 10

Fin Type - Harringbone Rerringbone Herringbone

Pin Height x Thickness, Ins. 0,416 x 0,006 0.416 x 0,006 0.416 x 0,006

*{n Svacing, Per iIn, 17 17 17 :

Total Surface, Sg, Pt. 850 850 850
Avpronute ‘rotal vlcight, Lbs. 120 ~ 120 120

Dag oﬂaicgl

INTER- AN'D AFTERCOOLER FANS

The inter- and aftercopler fans 3iall bs Trans Company centrifugal fans with

the vlades inclined backward to the direction of rotation.
width and =hall have single inlsts,

They shall be of sinpgle
They shall be of locksear-type construction, -

with convertible discharge crientation, and with standard steel shafts,

Specifications

3rd Stage

st Stage QnQ Stage

Fan Modsl 16 B1 3wWsl 16 BI SWSI 13 BY 3wsI
Fan Size - 16 16 13
Fan Arrangemsnt 2 ’ : _
Fan Class II , II II
Whesl Wicth, £ 8% -] 95
Fan Spesd, Rﬁ( 2330 2390 3220
Direction of Rotation Viewir -8 Dﬁveshgﬁ. Bnd  Clockwise Clockwise Clockwise
Delivery, CFM 3465 3525 3465
8tatdc Pressure, Ins, of Wutar Lo 24 4,28 L.24
Brake Horsepower 3.28 3.2 3.69
Orientation of Discharge Up Blast Up Blast Up Blast
Approximate Siz» ,

Length, In. 28-3/ 28-13/1 26-1/8

Width, In, 31-3/4 31-3/4 26

Height, In. 33.3/8 33-3/8 27-5/8
Approximate Weighi, Lbs, 8é 86 70
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i DIESEL ENGINE

Disael Engine Horuenowsr Requiremsnts

In this generator, the blowsrs and inter= and aftsrsocler fans of each stage
i ars direci=driven in taridem Dy saparaie diesel engines through suitable irans-
\ minsions, In addition, a 18,7 Kva, 120/208 volt, 3 chass, 60 oyole slcetrical
s generator is belt driven by the third-atzze d.;esea. engine, The following table
1 ' {4 a compilation of the anticipated braky horsspower loads on ths :Lndiﬂduel

dlesel engines required to drive these coaoonentu

3

i?f Stage _Brake Horsepower _

g . ' Blower Transmissiocn Intercocler  Electric  Total
: ] ; » ‘ Loss - 2 to 4% Fan __ - Cenerater

,1 _ , ist Stage 102 3.57 3.28 108.85
L 2nd Stage 103 3.60 3eb2 110,02
g 3rd Stage 99 3.6 3.69 11,0 117,15
Daseription | '

4 - The thres diesel e-xginea shall bs QGeneral Motors Corpuration two cycle; six
? _eylinder, radiator-cocled, short base, onen diesel engines, Series 6-71, Model

60300
4 = L
S §gg_1r* cgtion
E t " Engine Model Numbes - : . - 68358
SR Engine , G 6T PEES
= 2-0*7010 Diesel
o Fumber of Cylinders ' )
g8 Bore, In, = ' 4=1/4
- Stroke, In, ! 5
ER Total Displacement, Cu. In. _ 42546
=i Rated BHP, Basic Engine &t 200 RPN 200
| ; Rated HP, with Standard Bquipment at 1800 RPH : 153
] B Continuous BHP, with Standard Equipment &t 1800 RPM 138
-1 el Continuous E'IP, with Standard Equipment at 1600 RPM : 130
; }% BMEP, Continuoud Rating at 1800 RPM, PSI : n
ik BIEP, Continuous Rating at 1600 RPM, PEl 75
s e Maximun Torque, 1000 R (40 Cu, HH. Injector), Lo M 526
Piston Speed at 1800 RPM, ¥PH : 1500
@ Plator Speed at 1600 RKPM, FFM ‘ 1333
s Ucupression Ratlo 16:1
Lubrication Porced Feed
Plywheel Housing Size Ho. 1 SAB
i Maximum Fuel Pump Lift to Puel Pump Level, In, LA -
g1l Heat Absarbed by Cooling Water (Per HP at Amhiemt :
3‘% Tewperature of 110°P) Btu/HP/¥in, 35
5 Air Roquired for Scavenging and Conbusticn at 1800 RPM, CPM 600
Exhsust Back Pressure (Maximm at Manifold Flange at 1800 BPM), Ih. Hg. 4
Lubricating 011 Refi1l Capiaoity, Including Filter(s), Qt. 29
Soolirn: ter Syst e Capacity, Gal, - B=3/4
49
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Approximate 5i:ze

Length, In, 6:1=13/16
Width, In. 2
Height, In, 49«1/

 Approximate Weight, Dry, Lbs. 2800

Standarg i<aipment
Rotation - Countercloskwise, viewlng flywheel end,

Cucling System - (i8avy duty radiator, Lubrizating.ofi: asoler, water ocutlst -
o manifold, thermontat for tepperaturs contiol, sngine water circulating pump,
suction type fan,

Puel System - Primary and secondary fuel filtars, €0 ou, mm, injectors, fual
circulating pump,

Lubrication Systsm - lubricating cil pressure nmp, oll filter assse-‘y,

Instruments - Instrument Panel Asseably indludnsg Startef switch, ammster, .
lube oil pressure gauge, water tempsrature gauge, threttle control knobd,

remots control lever and space for accessory air heater controls and
tacheometer,

Miscellanecis - Fabricated steel bass, hydraulic typs govermor with contrel oa
instrument panel, exhaust manifeld and companion flange, tools ror ordinmary
maintenancs, manmual for minor maintenance and operating instrictions,

-Qptional Fquipment

Elactrical - Battery charging generator and voltage regulator assembly (24 volt,
600 watt insulated) starting motor (24 volt, insulated),

Miscellaneous ~ Air inlet housing for remotely uounfed extra cspacity air cleaner,
Donaldson extra heavy duty oil bath type sir clsaner,

Accessorias

Automatic Bell Alarm for high water tsmporature and low oil pressure, alr heater
and pump for cold weathar starting, 18-inch flaxidle exhaust connection with
pive thread ends, urmounted mufflsr for moderate silencing,

DIESSL, ENGINE TB.AN&[ISSIOH
Description

The diesel engine transmission shall bs a Cotta Tranamission Company Model
FAAU-R Transmission equippsd with en SAE No, 1 bell nousing and Rockford single
plats, LL", over-center clutch, It shall be comrlete with pilot bearings and
oil ecirculating pump, The transmission shall be s¢ desigued and constructed,
that it is carable of attachment and connection %o a (ansral Motors Model 80300
Sories 6-71 RC5E Diesel Engine without medification, The tranamission bell

WA00 TR 54-19 PT 1 50
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Eecification!

housing shall be fabricated with a clutch eperating shaft extending throuph ard
to tne outside on both right and left hand didss of the bell houeing to provide

for ortional locaticn of a olutch operating lever,

< - .
=chificationa
Unit No. 1 Unit Ko, 2

1st Stage 2nd Staze
Horsepower to b- Transmitted, Minimm 100 : 150
Irzut Sueed, PF¥ (Anproximate) 1580 1620
Output Speed, RPM {Approximate) 2330 23%0
Overspeed Ratio 1i47611 1447611
Transmisaion Bfficiiney, Per Cent 96 to 98 96 to 98
Tyve of Duty Continuous Continucus
Dirsction of Rotation, Viewing . Counter- Counter-
(utput Shaft Clockwise Clockwise
Approximate Siza : . 7
’Lgngtoh, Ino : CT 316 . 3‘&
width, In. 22 2
Height, Iz, ‘ 24 2L
Approximate Weight, Lbs, - 630 630
] DIESEL E~CINE STARTING BATTERY
Description

Undt Rus \‘,

3rd Stag
100
1600
_322¢
2,012

96 to 98

Continucus

Counter-

“Clovkwise

34

22
2

630

The dissel engine atarting battery ehnll be a Delco Products Division of
Qeneral Motora Corporation deavy Duty, Model 25Al, 3ix-Volt Storage Battery.
The tattery shall have thres lead and aclid type cells enclosed in a composition
rubber case, Fov~ of thesu batteriss shall be connected in series to gensrate

the 24 volts necescary to start the dieaal enzinmg.

H

Canacity
200 Ampore Hours at 20 Hour Rating
150 Ampere Hours at 4 Hour Ratirg

. Delivery Rates
50 Amperas for 175 Minuios at 30°F
300 Amperas for 1l Mirutes ot O°P
B20 Ampcesres for 1,5 Minutes at (°F
1080 Ampsres {or 1.5 Minutas at 3:20F

At the gbove rates the battery shall be deplsted to an average of one volt

ner cell,

Aporoximate Siza
Length, In.
‘ﬂ"’idth, In.
Height, In,

Avproximate Weight,, Lbs.

o 51
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r DIESEL ENGINS FUEL OIl. SUPPLY TAMNK
» Caleuletion of Sixe o

: In accordance with the centract, the fusl gupply tank shall have s minimum
1 : capacity for 12 hours of acntinuous overatiorn for the gemerator at full load,
.
k! Specific Pual Congumptions
¥ First-Stage Engine at 108.85 BHP, 1600 RPM 7.14 GPH.
| Sagcnd=Stage Engine a% 110,02 BHP, 1600 RP¥ 7.2%4 GPH
T Thivd-Stuge Engine at 117.15 EHP, 1&0 RPH ?.68 CPH
' Total 22,05 GPH
Caracity Required g
! Vreqid ® 22,05 %g;%x 12 (Hrs)
f Hr
}
ii-‘* = 265 Qalw,
\r.] - Use Veank = 275 Mals, 7
! ’ For the trailer which is 9 feat & inchss wide, a steel, cylindriecsl fual tank
I S ' 8 feat 10 inches leong shall be stracped Lensath the floor of the air scurce
E & section, - ' I

) }: o Vey1 = 77 Di2 (cross sectional arsa) x I, (length)

aAlse

Veyl = 275 (Cals) x '231 %"mzng
Gal

Dizv = 275 % 231 % 4
izl

Dy e 27.68 Ine. Use 27,75 Ins,

Speaifications
. - - Insids Diameter, In, 27.75
Length, In, 106.0
Thickneas, In, 1/8
g Capacity, Gals, 275
Weight, Dzy, Lbs, 360
Wsight, Wet, Lbs, ' 2310

. L 52
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ATR CUMPRES3OR CONDENSATE TR4P
Description

The air oomoreasor condensate trao shall be fabricated by Air Produocts,
Insorperated, It shall have a tangential aide inlet and a bottom cutlst, It
{ shall have a condensate drain connection at the lowsat poiint in the bottom
:\;iv' . . head, i

Speaifications

=y p———

1. ' Material . Steel
*1 8hell Lengh, Ins, o 30
L Shell Diameter, Ins, 10
¥ : Shell Thickness, Ins. /6
s Head Diameter, Ins, 10
Head Thickness, Ins, : 1/8
Head Height, Ins, : S 4
Inlet Connesticn Size, Ins, b
; Outlet Coennection 8iee, Ins., ~ b
| Condsnsate Drain Connectlion Size, Ins, ’ 1
§ - . Maximum Working Prersurs, PSIC 100
i Approximate Weight, Lbs, 50
; SWITCH VALVE
{g‘ o -Daacrivtion
The switch valve shall be manufactured by Air Products, insorporated,

It shell be a doulle poppet-typs valve having & carbon stesl body and stainless
stesl stem, It shall have two L-ineh high pressure alr inlet connections;

: one 5=inch waste air outlet connection; and two S-ineh connections comaon to

4 both the high pressure air sutlet and the waste air inlet, The switch valve

: shall be actuated by a Legansport Machins Company, Incornorst.ead nan-potating,
double~acting air eylinder, Mede] No., 21060, The air oylinder shall have a
é—inch bors, 4<inch stroke and 1/2 inch iron pire size air connectiona. The air
cylinder, in turn, shall be controlied by a Bellows Company four-way solenoid
sir valve, Modsl No, EV-158 Rlectroaira Valva, having a 115/8 volt transformer
and 1/2 inch iron pipa =i2s air inlet cormection. The solenoid valvs shall te
air poserec and shall be actuaied in both direstions by low=voliage, momentarye

energized solenold coils, It shall have an opnerating prassure of S0 PSIC, and

T

~~—

W S

- i w

shall have adiurtments provided to limit the sosed of the control .
oylindsr in both directions, : ’

e

L .
{

By

WARM HEAT EXCHANGER

Description

The wa:m heat exchanger shglli be a Trane Comvany brazed aluminwug cors type
hegt axchanger,

WADA TR SL=10 FT 1 >3
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Spenifications

Core Sise
17 in. passage width over channels
20~7/8 in. no flow (pas=age stack height)
88-1/2 in. core length over face channels

Core Passages P -
50 passages psr cors shall be headered into 2 streams of 25 pawmagss oach
. 16=1/2 in. widih inalde channels
+. 0375 in, nominal passage height

Fics A

Trane 1/8 in., serrated

04375 in. nominal height

15 fins per inech

0,008 in, thickness ' r - o : _
8l in, effeotive heat tranafer length : S ‘

Distritution :

Provision sh* * be made for gas distribution at éuch end of a passazs,
Headers ' :

The headsrs shall be fabricated from standard 5 inch 38P alumimm pipe,
Shell S

External parting sheets and 1/l inch protective pads shall be provided on each
core, one on each side of 20-7/8 inch no flow (pussage stack height),

Supperts ‘ . : 1
Suvport boxas and angles shall ba provided at sash end of the core, ’ :

Naterial Thickness, Inches
Qutside Core Sheets - .04,

- Farulng Shests - 032 )
Side Channels - Q40 ‘ -
Top Header Channels - .06,
yide Proteccion Min -  .00B
Packing Fin - 008
Distributor Fin = 024 Perforated

Tasts - : K

The core shall be subjected to hydrostatic and air pressure tasts to chessk
for interpassage and extermal leakags, The core shall be guaranteed to be

- satinfactory at a maximum working pressure of 100 P3IQ,

FADG TR 5L=19 PT 1 54
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COID HEAT EXCHANGER

Descrivtion

The cold heat axchanger shall be a Trane Company brased aiuminum core type
heat exchanger.

Snecifications

Core Sizs
17 in. punsage width over channels
20~7/8 in. no flow (passage stack haight)
80~1/2 in. core length over face channels

Gore Passages
50 passagas per core shall be hegdarsd into 3 stre;na of 20, 20, and 10
passageys respectively,
16-1/2 in, width inside channels
0,375 in, neminal ¢ ssage height

Fins
Trane 1/8 in, serrated
00375 in, nominal height
15 fins par inch
0,008 in, thickness .
73 in, effsctive heat transfapr 1erg+h

Distribution
. Provision shall be made for gas distribut4on at each and of a passage .

Headers ,
The hesadery shall be fabricated from stondard 5 inch 38F alumirum pipe,

Shell -
Ex:srmal parting shasts and .// inech orotective pads shall be provided on sach
cors, one on eacn sids of 20=7/8 inch no flow (passage stack height), :

Supports
Support boxes and angles shall ba provided at 2ach end of the core,

Matarial Thickness, Inches

Outside Core Shests =~ 064
Parting Shests - ,032
Side Channels - L040
Yop Header Chammeis - ,0&4
8ide Protention Pin - ,008
?Bﬁkiﬂg Hn - .008

Distributor Fin 024 Purforated

Tasts
The cora a! 1] ha suljcsied £5 hydrostatic and air pressurs tests to check
for intarﬁassage and external leakags, The core shall be guaranteed to be
satisfocicry at o maxiwum working pressure of 100 PSIG,

waD0 TR 54~19 FT 1 55
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AIR LIQUETIER

Descripiion

The air liouafier shall be a Trane Company brased aluminum dore type heat
exchanszsr,

Specifications

Cora Size
G-;/A in, rassagm width over channels
12«5/4 in. no flow {passage stack hedght)
51-1/4 in. core length over flca channels

Cors Passages
30 passages per core to be headered into 2 atreans of 20 And 1C pasaagen.
16=1/2 in. widtk inside channels
0.375 in. nominal passage height

Fins
Trane 1/8 in, serrat2d
0,375 in, nominal vassage height
15 fins pes inch
0,008 in., thickness
LB-B/A in, effestive veat transfer length

Dlstribution
Provisien shall be made for gas distribution at sach erd of a passage.

Headers
The headers shall be fabricated from standard 3 and 5 inch 38F alumima pipe.

Shells
Ext arnal p;rting sheats and 1/4 inch protective pads shall bs urnvided on eaeh

core, ons on each side of 12-3/4 inch ro rlov (passage stack height).

Supports
Suvport boxes and Angle. shall be provided at sach end of the core,

Materia)l Thicknaesses, Inches
Outside Core Shests - ,064

Parting Sheets - 032
Side Channels - L040
Top Header Channela - ,064
~ Side Protection Fin - .008
Packing Pin -~ 08

Distritutor Fin .02, Perforated

Tasts
The core shsll be subjected to hydrsstatic and air nressure tests to check

for interpassage sand external lsakage, The core snall be guaranteed satis-
fectory at a meximum working pressure of 100 PSIG,

WADG Th 5li-19 PT 1 £6
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CHECR VALYY

Description

The check valve shall be manufacotursil by Air Products, Incorporated, It
shall be a double poppet-type valve of stainless steel comstruction. In one
end it ohall have ona L-inch high prassurs alr outlet connsctien; in the
opposite end it shall have one S-inch wastéi air inlet connection; and inm the
s.de it shall hava one 5-inch connestion comron to beth the incoming high
pressure air and the sffluent waste gir, The oheck valve shall measures
approximately 14 inshes in lsngth and ahall walsh approxdmatcly 125 potnds.

PHASE SEPARATOR

Deacription

The chuse separator shall be mamufactured by Air Froducts, Incoroorated,
It shall be provided with a tangential, side, air inlet connection, a top vapoer
outlet connection, and a bottem ligquid cutlet connsctlion, In additior  the
phase separatur shall be provided with connections to accmunodate a liquid leval

Eage,

Specifications

Model . © 4L490D
Material : © Copper
Shell Langth, Ins. A
Shell Diameter, Ins, 8=1,/8 0.D.
Shell Thickness, Ins. 0.170
Head Digmeter, Ins, 8-1/8 1,0,
Head Thickness, Ins, /4
Air Inlst Comnestion Size, Ins, : 3-1/8 0.0, -
Vapor Outlet Connestion Size, Ins, : ' 3-1/8 0.D.
Licuid Outlet Connection Size, Ins. 5/8 0.D,
Upper Liquid lLevel Cage Connection Size, Inc, 5/8 0.D.
Maxizmum Working Prsssure, PSIG 100
Aporoximate Overall Length, Ins, 32
Avoredimate Waisht, Lis, 53
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Descripticn

TURBO EXPANDER

-

Tha turbo sxuvander ahall be an Alr Products, Incorvorated hirsh=eps
centrifugal, expander, equionad with an air loaded energy absorber ccmulate

with lubricatien sws‘:a.
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;; Specifications 7
The turbe axcander shall be deamigned, built, and gpuarantesd to dperate

Y satisfactorily undes the following ecnditionss

| Fluid Alr

J Flow Rate, Lb/Min ~ 5L.6.

s Inlet Pressuras, PSIA : 112

i Exhaust Pressures, PSIA : , . - 21
4 Inlst Temperature, OF =240

: . _ Exhaust Tempsrature, °F : =304

g ' Approximate Weight, Lbs, - . 160
i T - ,

R

it _

k!

EYPANDER LOADZR

Description

The exoander loading device consists of a coantrifugzal impeller keyed to
B the expander shaft. The imoceller rotate®s ut the saue speed as the expander
. ‘wheel and inparts the shaft energz to the fluid being vumped, The amount of
r tower which is absorbed is provortional to the quantity and density of the

3 pumped fluid., This is controlled by a valve which admits the fluid to the
b inlet of the loader,
1 : ' - .
}
) g HYDROCARBON ADSORBER
&: Descrivtion
2.

Trhe hydrosarbon adserbsr shall te an Air Products, Incorporated, silica
gel type adsorber, Model Nou, 41510D., It shall consist of a pressure vsasel
having top inlst and bottom outlet connecta. The prassure vessel shall be
charged with silica gel. It shall be provided with filters to keep foreign
particles from entering and silice gel from leaving the adscorber,

he]

.

RSN
g

)
4
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Specifications

’ 32 Pressure Vesscl

: i@ Material Copper
3 8 Shell Length, Ins, : 36
% Shell Diamster, Ins, ‘ 8-1/8 0.0,
d N Shell Thickness, Ins, ; 0.170
5P Head Diameter, Ins, 8-1/8 I.D,
B e Head Thicknass, Ins, /L
S inlet Cennsction Siza, Ins. 5/8 0.D,
Bl Qutlst Connection Size, Ina, 5/% 0,0,
i Heximunm Working Pressurs, PSIC 15
8 i Approximate Overall Lergth, Ins. IRY)
- Arsroid wate Weight, Charged, Lbs, 123

v.'_A_..J‘.’lAu;::‘..n'._u..,_...';. Ca
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Adsorbent
1 Msterial _ Silica Gel
' Sizas, Mesh ' 3-8
Dens.ity, Lbs/Cu. Ft, 38-40
Quantity Reguired, Lbs, ' 42
], Inlet Pilter
S Haterial : Porax Qrade 1
[?, ' Di&meter, Ins. ’ R . 1-1/8 0.D.
& Wall Thickness, Ins, , : - 1/8
;-.13 X Length, Ins. o , o - 5-1/4
%‘ - Primary Outlet Filfer - ,
o, ‘Matsrial Aluming Tabular Balls
Li ~ Ball Dismster, Iras, , 1/4
Quantity Requirei, Cu.Ft. 1/2
! Sacondary Outlet Pliter
L ~ Material _ ' Porex Grade 1
. . ' Diameter, Ins. ; 1-1/8
b B ~~ Wall Taickness, Ins. : ‘ , 1/8
J#! Length, Ins, 5-1/4
. OXYQEN DISTILLATION COLUMN
q 14 .
;’ Description
: The distillation column shall be an Air Products, Incorporated column,
1 It shall cenelst of a tube-type condenser and a low pressure colum having a
NS rumber of bubble-cap vans of conventional design, The high opressure side of
Qég _the condenser shall be designed and fabricated for a maximmum working pressure
42 of 100 P5IG, .The low pressure column, which is also the low pressurs side of
) |2 the condenser, shall have a maximum working pressure of 15 PSIG., The column
,*53 shall bs provided with connections, properly sized and located, to acccmmodate
i all of the required column feeds and offtakes. Sufficient pans shall bs in-
5[] cluded in the low pressure column to ensure that the product liquid oxygen,
b when withdrawn from the column st a rate of two tons per day, shall te 99.5%
A pure when the air availatle to the oxygen generator is approximately 1000 .
B . standard cubic fest ner minute, and wien the material balances are &3 caloulated
¢ in Section III of this report. The column shall be avproximately 13 1/8

inches in diameter and 8 feet 5 inches nhigh and shall weigh approximately
: 600 pounds dry, :

NITROGEN DISTILLATION COLUMN

D_scription
Tha distillation column shall be an Alr Products, Incorporated columm.

"It shall consist of a tubs-typs condenser and a high pressure column having a
number of bubble-cap pans of conventicnal design, The high nressure column

WADC TR SL=13 PT 1 59
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and high rnressurae side of the condenser shall be designed and fabricated o7

a maximum working vressire of 100 P310,

The low pressure golumn and low

rressura side of the condenaer shall be dasirned and fabriceted for & maxi-
mum working nrsasure of 15 PSIG.. The volusmm shall be provided with the neces-
sary connsctions, properly oized and located to accomrodate all of the re-

quired colwmn feeds and off-takes.

Sufficient pans shali be inciuded in the

high ovressure column to insure that the product liquid nitrogen when withdrawn

frem whe column at a rate of two tons per day shall be 99,0%

pu.e, when the air

available to the generator is approximetely 1000 standard cublc feet per min-
ute and when the material balances are as caloulated in Sestion III of thia
report . Tha coliasn shail bs anproximately 13 1/8 inches in diameter and 5 feat

'6 {neckas high and shall weigh approximately 450 pounds dry,

Description

SUBCOOLER

Yhe subcooler shall be an Air Products, Incorporated oktended-surface-

type heat exchanger, Model No. 41506C.

In the subecoler. pure liquid shall

flow through the tubas of the cors whils waste air gam shall flow around the

tubes through the shell,

Sgecggicapicne'

Core

Material

Tube Size, IPS

Tube Length, Ins,

Fin Height, Ins,

Fin Crienvation

No, of Fins per uircumferance

No. of Tubes

Liguid Inlet Cornnection 3ize, Ins,
Liquid Outlet Connzstien 3ize, Ins,
Maximum Working Prassure, PSIG

Shell
Matarial
Length, Ins,
Diameter, Ins,
Thickness, Ins.,
Head Diameter, Ins,
Head Thickness, Ins,
Waste Air Inlet Comnection Sigs, Ins,

Weste Air Qitlet Cormsetion Sias, Inm,

Haxirem Working Pressure, PSIG

Aprroximate Ovarall Length, Ins,

Aporoximate Weight, Lhs.

SADC TR S§=16 FT 1 60

Pinned Couper Tube
3/4

3-1/2 0.D.
3-1/8 0.0,
15

91
154

st B W



PRI~ ol ™ SN

+
ey

I A ot i e sor i e w6 BER LY T2

LN

o

1Y

i,

=

T

AN P y
TR ¢
“-N-‘L‘,

AR
[o—o!

i

vy ‘
.Il’ \l‘l

ol Lalis,

AIUEI | e

o3
N

(2 S il ad

e
<

-w !‘I.‘h,.—ﬁ'“

T

R il Sl

v

LIWID PRODUCT FUMPS AND DRIVE MOTORS

Descyintion

“The 1igquid uroduct vumos shali be an Alr Preducts, Incorvorated horizontal,
reciorocating-plunger type, The pumps shall be driven through a orank-and-
connacting rod mechanism by electiric motors through a gear reduction, The
pumps shall be provided with thermal braake which will allow the pump drive
maghaniams to operate at atmospheric temperaturs while the pump oylinders are
at the temperature of tha liquid product being mumped, The tunp capacities
shall be controlled by variaticn of the oump stroke,

' Specifications
Delivery, CFR gas: Equivalsnt 2000
Plunger Diameter, Ins, 5/8
Stroke, Ins, ‘ : Variable up to 3
Speed, RPW | 100 -
Intake Pressure, PSIC 7
Discharge Pressure, PSIG ‘ 4000
Motors

3 Horsepower, 220/4LL0 Volts, 3 Phase, 80 cycle, Squirrel-Cage Induction, Eall
Bearing, Horizontal, Oper, LO° Rise, Contimuous Duty, Normal Torgue, Low
Starting Current, with 100 RPM American Osar Munufacturers' Association Class
I1I, Heliorl Cears Hand Matched for Minimum Back Lash and Quiet Operation.

.CXYOEN-NITROGEN VAPORIZER

Descrintion

The cxygen-nitrogen vaporicer shall be manufastured by Air Products,
Incorporated, It shall be a tubs-type hsat exchangsr consisting of copper
ccils contained within g »*eel shell, The rurs high pressure liquid product
shall flow through the copper coils while high pressure air from ths after-
goolsr of the sair compreacsor shall flow acsross the tubes within the shell,

Specifications

Shell . - ,
Material Steel
Length, Ins, L8
Dlamster, Ins, 12
Thickness, Ins, €.120
Head Diamstar, Ins, 12
Head Thickness, Ins, 1/8
Mexdimum Working Pressurs, PSIG 100
ADC TR S4=19 PT 1 61
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: Coils .
: " Material Cooper

; Overall Coil Length, Ft. ' L350
. Tube Diameter, Tns, ) 3/8 0.,D,
Wall Thickness, Ins, o 0.10

Maximum Working Preasurs, PSI0O © 4000

o Approximate Overall Length, Ins. )

) Avproximate Welgrt, Lbs, 270
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ALTERNATINO-CURRENT GENERATOR

Speocifications

The altarnating-current generator shall have the foliewing character=
istics: 18,7 Kva, 120/208 volts, 3 nhase, 4 wirs, 60 cycle, .3 power factor,
1800 RPM, synchronous, horizsntal, ball-hearing, dripproof, self-excited by
: diresst connected axciter, windings of gensrator and exciter shall bs molistura-
' and fungus proof,

} The alternating-current generator shnll‘have a shaft extension suitable
[ for & V-belt drive and shall b~ complete with a solid adjustable tase or slide
Lo rails, o

14

HYDROGARBON 4DSORBER REACTIVATION HEATER
Descrintion

The hydrocarbon adsorber reactivation hsater shall be an Air Products,
Incorporated resistance heater, MedeY Ko, 31144C. It shall consist of two
haating elements, the rasistance heating colls of whinh are imbedded in
compacted magnesium oxids which is contained within a groundet!, chroue-stesl
sheath, Each element shall YLe rated at 1 kilowatt at 230 volts altsrnating
curvent single phase, Ths two elemen’s shall bs eennsttsd i vpen-delia for
the three phase circuit, The maximum allowable sheath tempsrature shall be
1400 te 1500°F, :

. ’ INTERCONNEGTIHB PIPING
. Description

;§ The intergonnecting piping shall bs of as lightweight msterial as prac-

ticel, It shall be adesquately strong for the servige intended and shall be
aizad to ksep pressure losses within tolerable limits, Operating =onditions
such as temperature, prassurs, location and spnlicatien shall dictate tho

generater shall be nrotected against excess prassure by means of pep uafely
valves,

©
%_ choice of mataial to ha naad, Every piping circuit of the liquid pruduct
i

¥ .
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AIR SIPARATOR INSTRUME N'I‘ PANAL

Description
The alr seéparator instrument panel shall be fabricatwd ¢y Alr Products,

Incorporated, it shall surnpert pressurs gages, liquid lsvsl gagss and tempera-

ture indicators which shall serve as operating aids for ths' liquid oxygen
generatur., The instrument panel and its supports shall ba fabricated of stiel.
Its measurenents shall be approximatsly 30 inches long by 37 inchea wide, 1lhe
following instruments shall be flush mountsd and readily aoceaaible and Go-
nnuntable for service, if necesnary.

'High Pressurs Column Pressure Gageh
Low Pressure Qolumn Prassure Gagas
High Prassure Produst Pressura Gages

Phase Separator Liquid Level Gage
Kigh Pressurs Column Liquid Level Gages
Low Pressure Columm Liquid Level Cages

Alr Separator TemperaturavIndicatof

ELECTRICAL CONTROL PANEL
Desgrintion

The electrical conirols shall be contained within a National Electrical
Manufacturera! Association Type One enclomure, and all vieual indieators and
manual contrels shall be flugh mounted on the face ¢! the enclosure cover,
Tha alectrical controls shall conaist of the followirg: power distritutinn
circuit breakers, an indoor switchgesr unit complete with 54 alternating
current volimeter, ummeter, current transformer, and all coutrols necessary
for alternating-current generator operation,

INSULATION

Description

The fibarglass insulation for the air separstor shall be Owent-Corning
Fiberglass Corporstion Basic Fiber No, 28, Type B,

' 6
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Por identification and reference purposes,

SECTICN V
GENERATOR MASTAR VALVE AND TEMPERATURE INDEX

'the‘ Generator valves aad
denumber symbols., Insofar as

d lettsr-an
tempsrature indicators shall be assipned letts The initisl of the fluid

cossible, the letter in sach valve symbol shnll be ¥
The letiters in ®ac

mormally controllsd by the valve,

symbo) shall dsnote tha type of instrument,

Tamperature indicators shall te either dial th
direct-reading pyrametars, This systes of ident
the flov diagrum of Pigures 1; 2, 3 and 4.

h temperature indicator
used to determine the temerature,
ermomsters, or millivolt-type,
sfication has besn applied in

Symbols Names of Valve
AIR VALVES
Al-A Air Expansion to Oxygen Column
AL-8 Air Expansion to ﬁtfggm“%lum
A7 Expansion-Engine Alr Ink —
AlO First-Stage Condensate-Trap Flow-Qff
AlL ' Second-Stage Condensat=Trap Blow-grr .
T Third-Stage Conglmsaggz‘!'!'ap Blow-0fs
A6 ‘Heat Exchanger Blow-Viz
420 First-Stags Prassure-Jage Shut-0ff
A1 Second-Stage prassure-Gage Shut-OLf
A22 Third-Stage Pressurs-Oage Shut-0ff
A26 Air Flow Control
A% Maln-Atr Smit-02f
ASk High<~Pressure BlLow-
ABL Moisture Accumlator Tank Drain
AEL Expansion-Engine Inlet Blow-Off
ABG-A Dry-Supply-Air Shut-0ff
AB6-B Wet-Supply-Air Smut-0rf |
AL04 High~Pressure-Air Exchangar Bypass
AL05 Defrost-Air Exchanger Bypass
A106 Dafrost-Air Exchanger Bypass Shut~0ff
ALC7 " High-Prassura-Air Lesk Vent »
ALLD Bxoandwr Bypass
AllL Aftercvooler Bypass —
Al2g Supply-Aly Fressurs Regulatss
ALZg Supply-Air Reperveir Drain
A130 Expander Discharge (olum Peed
OXYGEN VALVES
01 Crude Oxygen Expansion
o7 Oxygen=Pump Feed Contrel
010 Purs=Cxygen Test
014-4 Low-Pregsure-Oxysen-tolams Defrgst.
0l4=3 low-Prossura-hitrogan-Colum Da ;oqt
020 LowePressure=Columi Gage Shut ~0ff
A
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021
(az

023

0z,
026
027
028
029
038
039
040
050
oay

087
094

0101

Qlo2 -

0103

0108.4 . |
0108.3

0118

013l

Nl.4
Nl.B
K2
K13
Rl4=A
N14-B
N1§
N20
N30
N37
N56
N83
ey
K103
N106
N104
N10%
N110
N1l
N11?
N117
N127
N137
N142
N14s
H151

WAL TR shiain pr oy

Hign~Pregsure-Oxysen-tage Shut-n0f

. Pure={ixygen Lowsr Liquid=Level~Jags Shut-0f?

Pure-0Oxyren Upper Liquid-..avel—(}.s- -anut-0ff
Dure=0xyqfen Uoper Liquid-Level-Gage Vent
Purs-Oxycen Lowaer Liqv.id-!,evel-Gige Vot
Crude-Oxygen Upcer Liquid-Level-Oage Shut=0ff
crude-Oxygen Lower Liquid-lLevel-Oage Shut-0ff
Crude-Oxygen Uoner liquid=level«Gage Vent
Crude~Oxygen Lewer Liquid-level-(Gage Vent
Oxygen-liquid-Level-Ougns Vent
0xygm~L1q'ud-uevaluGaga Vent
Oxygen-Liquid-Level-Ouge Equa.lizer
Columne-Presmure-dags Smt=0ff{
Crudo-Oxygen Uppar Liquid-level-Cage Vent
Crude~Cxygen Lower ILiquid-Level-Gage Vent
Pure Liquid Offtaka
Purs-Oxygen Liquid-Lsvel-Jage Squa.liuz'
Cuds-Oxygen Liquid-Lavel-Gage Equalizer
Hydrvcarbon-Adsorber Inlet
HydrmocarboneAdsorber Outlet -
Hydrocarben-Adsor .sr Byvass
Oizygan=Column Crude-Oxygem Feed Shut-0ff
Nitrojyen=Column Crude-Nitrogen Feed Shut-0ff
Pure (as Offtake
Pure-Oxrgen Subccoler Inlet

NITAGEN VALVES

Ozygen~lolumn Crude Oxygen Expansion Valve
Bitroger~Column Crude~Nitrogen Expancion Valve
Nonoondinsable~Cas Blow=0ff

Exchanpgey Defrost Catlet
High=-Presmire-Oxygen-Column Defrost

Hi gh~Pressurs-NKitrogen-Column Dafrost
Air-Jeparator~Jackat Nitrogen Fesd
High-Pressure-Colurn Gege Shut-0ff
Noencondensable={ir3 hut=0f¢

Pump-Nitrogen Feed Control

Oxygen=-Puzp Defrosi Inlet
High-Fressurs-Nitrogen-GOsge Shut-Off
Hydrouarbon-Adesorber Dsfrost Inlet
Hydrocarbon-Adsorber Defrest Qutlet

Expander Dafrost Inlst

Crude-Nitrogen Urper Liwid-Level-Gage Shut=0ff
Crudo-Nitrogen Lower Liquid-Level.Oage Shut-Off
Crude=Hitrogen Upper Liquid-Lsvel-Jags Vent
Crude-Nitrogen Lower liquid-Level-(lage Vont
Crude<Nitrogen Liquiid-Lsvel-Cage Squaliser
Hitrogen-Colurm Nonocndensable-Uaw Shut-0ff
High Purity Nitrogen Tost

PureNitrogm Subeccole; Inlet

Pure-Nitrogen Column Pressure Oage Shut-Off
Nitrogen Pumo Defrost Tnlst

Nitrogan Cendenser Upper Liquid-lavel-dage Inlet

65
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1 152 ‘ Nitrogw Condenser lower Liquid-Level-Gage Inlet
! N163 Nitrogen Condenser Upper Liquid-Level-Gage Vent
Nt N154 Nitrogen Condeaser Lower LiquideLevel=Jage Vent
i N165 Nitrogen Condenser Liquide-level-Jage Fqualiser
4, , '
ij N - dazbels : Temapatures Indioated
g v THEPMOMI'TER TRIPERATVE]
B ow | | . ‘
i TH " A{r Leaving First-Utage=Interceoler of Alr=Comoressor
i TH? Air Leaving Seccnid=3tage=Intarceoler of Adr-Compresscr
i TH) Mr Leaving ThirdsStage=Aftsrccoler of Adr-Qommressor
TH), My L«vingﬁl{l‘ﬂ"'ﬂ‘*“ uer
| THS Gasscus Prodich, Leaving Varorider
* GRNARATOR WAGTAR VALVE AND TINPRMATUNG INDER
Samkela 0 leaaires lgdicahed
| KA INRIATUN TeUriATR
fl Aie Baterdng (Ade Yeaving) Warm-Keal-Ninhasger
T2 Ap Leaviig (Abe Kntecing) Ware Meal-Nyehangar
13 ALr feaving (Ale Frdertng) Unld-Naat - Exshanger
T4 Abr Xataring (Atr Leaving) foid daet Eecinnger
L Nitrogen-Rleh-A1r Brke, bng Tuthw-Yarsnder
) Mt rogen=Rien=04y Ionclig Tirtm-thianioe
27 Librogma o RiehaAty Enboslug ALy Yiuetder
%8 Pe=L gl Oy gen Brdering Lipte taggen Bubars)or
%0 MuralAquAd-Pesasm Teaying Plipidinpgim- Sireoior
iy Datevst oAty Toaring Vet ipunfies _
Tid Rannt {vat ivg=A4e Leasti) Hyfeoraeteuivdde, ot oy
-
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