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FOREWORD

B Navad Faoplosive Ordnanes Disposi
sod eguipment needed toosupport explo-

el BAXDY personnes o he perfo s of thieir mission, [ conjurction
Yoo cvas toaatated tooprovide naval KOD personnel with a self-
! @t te be emplered in hazardous environiments ereated by the

s wnaiung

Dotk and hiological agents,

Sdeveloped by the Research and Devetopment Department which

svide s cooling and breathing medium. Couseguently | to effectively

@i o requirement existed for developing a means whereby EOQOD personnet
A hauid air gensrator was developed to provide the required
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ABSTRACT

rotor was procured from the Cryogenie Division of Nerth Amevican Philips

1

e srogram ~as nitiated. Some modifications were made to the generator
crthe rest restidte INAVEODFEAC Repert 137). The modified generator was subjected

o onesting which s summarized in this report.
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SUMMARY

id sy geaeraior was operated periodicaliy from Aprif 1970 through
-oxtended obrervation of Jts operatd

= under a vanety of weather con-
«-d o the problems encountered during testing, the following equipment modifi-

dehunudifier should he designed to permit extended operating time belween

TREVT operations,

fin critler should be redesigned Lo permit operation in the temperature range of

SIS SIS O

At of modifications should be made to facilitate maintenance.

K
v

The storage tank should be modified to provide a better liquid level measuring system

heompesation conwrol. Unnecessary pining and valves should be eliminated, and a means

crobodd 1oy iy e oo

ane the tank pressure for more rapid liquid transfer.
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INTRODUCTION

S regpaedt fooperfurm operations on ordnanes items i environments
presace of hrotoagical and chemieal agents. A protective cintmng

: e EOD personne! protection from the effects of these agenis. The
utviieped cmplevs hguid alr as the source of coeling and uncontaminated

s ety avaslable Tiguid atr generator {(developed to provide hquid air te support
dveclothing sei) was purchased, tested, and modified, This modified unit was then

Lo additional testing, Based on these test programs and associated recommendations,
v radified Liquid air generator and storage tank will be functional for naval personnel

Coproteclive elothing zet,

TECHNICAL DISCUSSION

COUGIPMIENT DESCRIPTION

The liguid air generator is designed to manufacture liquid air by condensing atmospheric
air on a condensing plate. The plate is cooled by being placed in contact with helium at
ey ogenic temperatures,

A The generator is composed of four subsystems—the cryogenerator, the water-cooling
; svstemn, the chiller, and the control panel. A storage tank is provided to store the manufactured

tiguid air,

¢ 4 simplified diagram of the cryogensrator is shown in Figure I. The cryogenerator is

! directly involved in the manufacture of the liquid air. An electric motor drives a crankshaft
which in turn causes two pistons (the displacer and compressor pistons) to move. The

E generator operates an 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 heatl 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 passageway between the compression
space and expansion space. Thus, the compressed helium travels through the passageway and

s expands into the sxpansion spaoe. While passing from the compression {o the expansion space,
: © it teensfars more heat of. foa where it is stored for use in another stage -

of the cydle. Aﬁerpaﬁngthonghthenmﬁu ﬁmheliume'pmdﬂntomeexpm&onm
whichwmuttoheomeeools . .
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Figure 2. Typical Stirling Cycle.

The third stage of the cyclg consisis of a continued downward movement of the displacer
piston accomparnied by the compressor piston. This canses further cooling of the helium due
to additional expansion. 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 the compressor piston remaining stationary. ‘The upward movement of the displacer
piston causes the helium in the expansion space to be displaced back through the regenerator
0 the compression space. While passing through the reganerator, it absorbs the heat that was
stored there on the second stage of the cycle. 'l‘tus completes one eycle of operation. AP-V -
dmp’amofacyc}»m@venmhgm'ez ’ :

X Apce: 'Mcuntmtwi&amofmcmwhdthemn
; sdenser to such a temijerature (st thcoming, ambient air
: mnden.ﬁstoahqﬂidﬁhm;tmmesh:tomntactw&tbthem«bm As the air is drawn into
. the cryogenerator, itmﬂtmmmmmdmmtorwheurmmotth&mw'eu
removed Amumimemtommovenmwudennhlem!mmﬂmhmﬂer

'meom helium it the expang
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A 0T maintenanee and upeeraiion and thy

s arid o vEen an the storage tans

RS T weneraton s eiiscd vperabting, 7 ) aveasions durning the
Gaa oz BB 0F the stoppages were the result of L high vacuum being ereated
'i‘h:« = cansed oy e buildup of {rost and we within the header, With restricted
aum ine removing the nonvomiensabie gases causes excess vacuum in the header
Lo goenelalor attomatealiy ceases operation. The heating of the cooling water caused six
ul 1 30 o 20771 of the shutdowns. This was (dused by an insufficient quantity of freon
heing in the ehiller. This is 3 normal air conditioner problem and is easily avoided by proper
Manienanve  The frosting of the beader cuused two out of 30 tor 7%) of failures. This is
vateed by busddup of frest around the header and is dependent orn ambient humidity. The
water lite-on condition catisea two out of 30 {of 7%) of faillures. This was caused by failure
of the water pump to cperate when neidn 1 10 circulate the water. However, the cause of this
Tluge was unknown and the machine rectartad immediately upon depression of the start

Crzallt

5,
A

a.

button.

The storsge tank was tested for both the length of time it would hold the charge and the
variation in the hquid air composition The composition is of concern since liquid nitrogen
boils at -320° F, while iquid oxygen boils 21 -297° F. Coursequently, the nitrogen boils of {
first leaving an increasing amount of 1w’ nxygen. This is undesxrable due to the combustion
supporting properties of oxygen.

The average length of time that the storage tenk would hold a full charge of liquid air

was 13 days and uring this penod the oxygen concentration never fell below 21 percent
nor exceeded 28 parcent. i

OOHCLUSlOH
On&hebuisofthetettte:aﬂts ltmeonciudadthltadehnmxdiﬁerd:ouldbeimtmed

The incoming air would then he dehumidified ensuring a longer opersting time-hefore the cryo-
generutor would have to beshut down snd defrosted due to maisture accumulation and freezing.

e
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£
Various plimbing changes should be’ effegted to facnhtate mamtenance. The
cosent primarily of rerouting p:pmg, wiring, (*tc : poliEn L
e starage tank should havo an improved t-mk fevel gage since, on occasion; the
& b one would stick, Also, unnecessary plumb'ng should be removcd t'rom ‘he tank.
1
Errore the above s hages are aecomplished, the oqunpmmt should be readv for fleet
0{—5.1‘v=’i\lr He
|
i
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APPENDIX A 1
SUMMARY OF CRYOGENERATOR PROBLEMS

LRGN U ORDNTIONY

e T3 RELATIVE HELIUM
AUANIDITY PRESSURE
ipat CATE PROBLFM
' |
R murnebs den
RIS
-
< z R IR
P Lo e : Peanpactaiste Tigh
} I ad7 Wi , Vonangen gt
4 LR : Vow s b
§ . RIS : AL RN I Vst am cened Mo
f: : W (IS RAFI , Vircam
: _ L BT ook
- a4 70 : : ! 258 B/04/70 oK
' -‘t e ' : 300 608,770 oK
o " o . 25 i s ! OK
b 29% 6/09/70 OK
o va ) 294 610770 Vacuum light
v g ’ , 237 6/11/70 oK
¢ ths : 287 6/16/70 oK
. 9z i - i 293 616170 oK
9% 2 78 295 817710 OK
100 72 85 288 6/18/70 OK
87 64 76 319 §/22/70 oK
86 62 75 324 6/23/70 oK
94 (374 B 309 M6570 OK
a8 70 64 213 /03170 OK
=1 74 a0 312 7/08/70 OK
98 a3 B2 323 B8/13/70 Vacuum
97 a3 83 304 a8neno Vacuum
a4 70 84 278 8/19/70 Vacuum
%5 &8 83 389 8i20i70 Vacuurn
g 92 - 80 @B 8/25/70 Vacuum
= o 94 m -2 - :Tr oK




SUNIMARY OF CARYOGENERATOR PROBLEMS (Coantinued)
I

Py (EnT CONDITIONS
N RA DT | HELATIVE 3 HELIUM
Iy T HUMIDITY PRESSURE
DT ' v tps) ' DATE PROBLEM
iy} [
[YERES ANt ¥ 1
' Y SR TR
ISRV EEAY] i Voo
: . - - gr17i70 ' Ok
) o G e R : K Togee 1 0l
i i : K
2 i HR Y . Tank Fah
| s o
: A37 i PLIEN ) (RN
; ViSutn ! [§14
: VA0 HaeH
; ; KPi ! ety |
o : a6 . . : 346 | 12002470
- ! - !' - - ATARVIAS Chitler repalr
30 ; 324 1/13/71 Detrost header
tl : 327 | - 312 1714/ Hedium feak
34 1 10 92 317 376371
44 ! 32 52 308 3/0a/71
sa | 3 : - 311 oK
62 ; 36 b - 316 3/30/71 oK
80 f 48 - 319 Ok
80 j 48 - 319 4/01/71 oK
78 i a8 - 322 402171 oK
88 43 - 319 4115171 oK
73 55 - 323 4/18/71 oK
88 50 - 324 21471 oK
- _ - B 7 4227 oK
82 46 - - a122171 oK
82 b g - 38 /10471 oK
80 " B4 - g 320 511471 oK
_ - 28 . 6/30/71 HoQ oft
. iy ié Ti oy " 318 or
Lo - 99 82 - 8 : [ - ma . - SISy - oK - -
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: A Tiquid air generator wes procured from-the Cryogenic Division of North American Philips

4 ¢ orparation sod a test program was initiated. Some modifications were made to the generator

: mased on the test results INAYEODFACT Report 137). The modified generator was subjected 10
additional testing which is summarized in this report.
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