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pakr zt >:ixu SK' i' si t -1 OrIi; l is puIsn(1) ý

- ' •,-,r~ -. !t•q 1 4 . 1r , . ItO ) p1rr.onni wun a-. suki-
-c .: ou ¶fl' 'd in }f:iardouis t'nvlrnir tis cruatod by t.n

"I"%-: ,k d hy, tha x l'star:. :mul Dveiopimn•, Department. which
.ine and brtuathing ifdium- Consequen-tly, to effectively

•:1 tarluirement .xisted for developing a mewmi whereby EOD porsoMAri
. u, :.r. '\ liquid air generator was developed to provide the required
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ABSTRACT

". ..,r ý. red from thi Cryogenic Division of North American Philips
. . .amn was initiated. Some modifications were made to the generator
N AVEODFAC Report 137). The modified generator was subjected

- h is limmarized in this report.
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"NAVFA DFAC T9.117

SUMMARY

"14'frr: o;r %%,I operated periodicaliy from April 1.170 through
"- : :' xi";ls d obs.rvati an ( ,11 Q.t)erat-:- under a variety of weather con-

'-rof9'e-s enicour'tered during testing, the following equipmenrt mcm-ifi-

A Ichuml ij-' shtmld he designed to permit extended operating time between!I

:211 h(i,,:•r-ho d be redesigned to permit operation in the temperature range of

.4. niumber of modifications should be made to facilitate maintenance.

'. ixh nrag,: *tank should be modified to provide a better liquid level measuring system
.,- ,, ,: onm eon rol. Unnecessary piping and valves should be eliminated, and a means

,r .,d' 'U a.' ea:1' the tank pressure for more rapid liquid transfer.
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INTRODUCTION

a fýn rm perat:(;ns oni ordnance, items in n -!kirnnet

. .�., 8•.�rnlocat - hl ical tgellts. A prote vt,, "

.ii 'Pp riv.D 1- 8,1. prc te' '•.,n Irm hw effects of ',hofi, n agen,.. The:
. " . . oil •iqus i Ltir aw, thef sourle of 'olinlg and L1nc('on1tanlitfltl-lMI

;.,o,.lehl.. liquid air generator (d,.,veloped to provide liquid air to support
. ,.'hing st.: ) %vwas purchased, tested, an4 modified, This modified unit was then

• .it;,nal testing. Based on these test programs and associated recommendations,
Yv midi,,,d ''quid air generator and storage tank will be functional for naval personnel

Dr, t,-ct'vc clothinzg set.

TECHNICAL DISCUSSION

, uUiPMENT D•SCRIPTION

The- liquid air generator is designed 4.o manufacture liquid air by condensing atmospheric
air on a condensing plate. The plate is cooled by being placed in contact with helium at

r;gepic temperatures.

The generator is composed of four subsystems--the cryogenerator, the water-cooling
system, the chiller, and the control panel. A storage tank is provided to store the manufactured
""iquid air.

A simplified diagram uf the cryogene.rator is shown in Figure 1. The cryogenerator is
directly involved in the manufacture of the liquid air. Arn electric motor drives a crankshaft
which in turn causes two pistons (the displacer and compressor pistons) to move. The
generator operates on the Stirling cycle which is shown in Figure 2.

The cycle begins with the upward travel of the compressor piston toward top dead center.
The displacer remains stationary and, hence, the helium in the compression space is compressed.
Some of the heat generated by the compression of the helium is removed by the cooling water
which passes around the cylinder of the compression space.

At the start of the second stage of the cycle, the compressor piston has reached top dead
center and the helium is exerting its maximum pressure. The displacer piston now begins to
travel downward toward bottom dead center while the compressor piston remains stationary.
The downward motion of the displacer piston unblocks a pasageway between the compression
spec, and exiansion space. Thus, the compressed helium travels through the pamss way and
expands into the expan•ep•ac.pwe. While pasing fom the compresin to the expansion sphce.
it beafaumere hbeat af co"WPiji mint ;. une0sflt what. it is stared for use in anoter usage
of the ecye. After padg thmugh the egceka, thel h e-lpan Into t.e elxfpeon Von
which causes it to become cools.

_ . . .
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Vltirer 2. Tvpical Stirlinlg Cycle.

The third stage of the cycle- consists of a continued downward movement of the displacer
piton accompanied by the compressor piston. This causes further cooling of the helium due
to additional expan-Axon. At the end of this stage of the cycle the displacer has reached bottom
dead center, causing a minimum cycle pressure in the expansion space.

In the final stage of the cycle the dispiecer begins its return travel toward top dead center
with te compressor piston remaining stationary. The upward movement of the displacer
piston causes the helium in the expansion space to be displaced backthrough the regenerator
to the compression space. While passing through the regenerator, it absorbs the heat that was
stored there on the second stage of the cycle. This completes one cycle of operation. A P-V
diagram of a cyclP is gven in Figure 2.

Th Cold heltium inthe exno a *= is in coraft w-hapeeof meta calle the con-
dense. 'ecodM bacosteC~4wu to- auch a, tentO1eabn *t hktIcMi. aabmbut air
condensel to a hiqsUdwhen it omes into contat with the coodhlflr.' As the air is drawn into

tecrytgne tp s *JbW-S) ant ice and ater MW o wh s one of 'the moisture is
removed. A vWauum line serves to remove noncondenable gasesnfrom the headr.
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S.i... mr. .... r ThP refrigyr&l, -u, 3l:d V

* .t' 1 mafneca:c4 ofa'rIdLI oil~ a ii nl'-

d4l Ir x nin Ole Cstoraetnlo .

A . 1.4 . i-jK (;ia .) 0 Ž\45Ol IrIICI "tho

-- i. t . he sltmppoages me'rt- ei' 4'11. O ;igh IIacuurn being created
, I." ;! buildup of frost and ice within ti- header. With restricted

:.:, .vine removing ,the none-ondlensabie gases causes excess vacuum im the heatder
4-'*.....ti~ti'a~, cas; pert~n.Thf- heating of the cooling water caused Szix

".0 tu 25 1 of th, ihutdtow;,,s. This was caused by an insufficient quantity of freo
"-Ing he ehilt r. ThIs i_ a normal air conditioner problem and is easily avoided by proper

ma ii en a'ce "'he. frosting of the beader caused two out of 30 (or 7%) of failures. This is
S.t,-.d by. butdJu) (,f frost :trm,tnd the header and is dopendent ot, ambient humidity. The

Swater ifie-on ,eendil.ion caused two out c' 30 (or 7%. of failures. [his was caused by failure
of the water pump to operate when neti0v i t-% circulate the water. However, the cause of this
ii,• was u•n-,k-own and.the machi-e re'taited immediately upon depression of the start

The storage tank was tested for both the length of time it would hold the charge and the
variation in the liquid air composition The composition is of concern since liquid nitrogen
boils at -320' F, while liquid oxygen ,boils -t -297" F- Consequently, the nitrogen boils off
first leaving an increasing amount of e'P40. oxygen. This is undesirable due to the combustion
supporting properties of oxygen.

The averae length of time that the storage tfnk1 would hold a full charge of liquid air
was 13 days and 'sing this period, the oxygen concent-ation never fell below 21 percent
nor exceeded 28 pereent.

CONCLUSION

-On the basis of the tft re•mit, it ws concwied that a dehumidifier sh d be insalld.
The incomislg air would the dhhuuIdl*ftle isun a long op• ting tlmelbefo- the eyo-
generator would have to be shut down mad defrosted due to moistre accumulation and heboing.
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Vlrijm plunirng changes should beeffected to facilitate maintenance. Thexe changes
. ; pi'rMIv •f rvrotitfin piping, wiring, etc.

lit. nt,•,i 'ank ihihld have an improved tank level gagp since, on occasion. the... , ,.s -1id. AIso. unnccessary plumbing should be removed from the tank.

r. . ,.•s are accomplished, the equipment should be ready for fleet
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APPENDIX A

¶W'MMARY OF CRYOGENERATOR PROBLEMS

":'R .LATI'V'E HELIUM

I'l PESSUR E

1'p (ATE PROR LFMl

T . 11 .

S- .,1 i ' •V 3' ., -9! i
t
d ,T,.e a _.

•9 i-. ): "l1f47f I ,lHJt OK .|i

- 3l ) • P/0)7;/(1 0,14 I••]

"" I 295 15100/70 014
' h. ' ;; 294 0/10/70 Vacui'ri light

' . •:287 6/11!/70 OK

{ :', t0 287 1/!15170 I K

9:2 tfl - 283 6/16/70 OK4

S95 12 78 295 6/17170 OK

(00 72 85 298 6/18/70 OK

67 64 78 319 6/22/70 OK
;86 82 76 324 6/23/70 OK

94 6? 3 I 309 7/06170 OK

98 70 54 313 7/07/70 OK

94 74 80 312 7/08/70 OK

96 63 B2 323 8/17070 Vacuum
S97 63 83 304 81818/0 Vacuum

941 4278 8/1 9/70 Vacuum
ti.c5 ca 289 82/ "Vacuum

9: .I2 a so) jWI•tM#' ( vacuum

. A-i
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'tJMl AR.-Y OF CRYOGENERATOR PROBLEMS (Continued)

.-. v.P H4 BRELATIVE HELIUM

HUMIDITY PRESSURE

.. (p) DATE PROBLEM

;W', "i ! i (=K

I.-I F,!,

,, ,i/ 7/ n 1 .

1"".~ - lli {)fl ,il :I [

-" 2 •III, 7"I, Chill. r repair

36324 1/13/171 Defrost header

34 I c 1 92 31? 3I03/71

ý!j32 52 308 3/04/71

I-:- 3-1 - $11 OK

632 36 316 3130/71 OK

an i 48 319 OK

s0 48 *-319 4/01/7 1 OK

-8 -322 4102/71 OK

68 43 319 4/15!71 OK

73 5 323 4/16/71 OK

84 50 324 4/21/71 OK

.4 4-22171 OK

42 36 320 4/22/71 OK

82 4 319 OK

80 540 320 1/1171 OK

- I- - 328 f 6130/71 H2Ooff

K. 8 -, - 0-344t17 1

+'lu 14. 14 - 442 ''1or

q -6 fR, -I ,Q

r . .. • ,...'# "er Ž~
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S..... "A liquid air generato~r wr. s procuired from-the C-ryoge~nic Division of North Ameica ?hilips

a,,,porat iu and a test program was mntiated. Some modifications were made to the generator

t,,,fd oin the test results iNAVEODFAC Report 137). Trhe midified generator was subjected to

additional testing which is summarized in this report.
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