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OPERATING I'NS.EWGTIONS mn THE LINDE FRANKFL OXYGEN UNIT

Desoription of the Mtus

This unit eeparatee the main componente of the, atmepherio air,
ozwgen and n:!.trogen, rrOm one another by J.‘lquiﬁ.cation and re-evaporation.
The accompanying sketch BCG SIV/SS will be used to deacribe the 0peration.

The entering low pressure air (et 4.5 atms. ga.) :I.e cooled
domr to ‘about —150°C in two of the four regeneratore I or II and III or IV,
operating :Ln alternate cooling cycles by cont aot with the:!.r eold surface.

_These regenerators obtain their "cold." from the purified exit gas streame
.The water vapor-and- carhon dioridevin the incoming air are removed “and
'ﬂremain entrapped l‘in the regenerators untilit is removed in t_hev‘ reheating\'
;ycle.‘ The low preesi:re air now. enters the'lovrer or high i)reesure' section.
vo:t the d:lst:lllation colu.nm where 1t nﬂ.xes with an o;xgen rich liquid (aboutv
40% strength) and commenoee $o bo:L'L. The vapors rise through the eieve ‘
‘ type trays and are scrubbed by cold descending 1i§uid nitrogen, B0 that the
largest part of the o:wgen ‘falls to the tower bottom ae liquid. ‘This’ ie }7'\ E
due to the higher bo:uing pO.'h\lt of ‘oxygen over nitrogen and reeulte in the :
: ozygen ehrichment of the bottom 1iquid.— RIS o '
To guard againet negative heat loee, high pcreeeure air (200

REE g

; ,atm.) ie expended through a throttle valve into the baee of the lower or .

high preeeure tewer. This high preesure air hes already been ceoled in ex-

'}lchangers‘(s.and 4) to gbout -160° to 17o°c by exchange againet cold ez:l.t

‘:;“_nitrogen.‘ As a result of, this xpmion, pafi; of the air ie ]_'l.quified w

tha J'ouil.e '.I'hompson effeot. '.‘[‘he oxygen—rich liquid from the ‘base of



the lower ‘colum is next passed over one of two gravel filters, which

are alternately warmed for drying, and then through a heat exhonager (5)

before entering the npper colum feed trey. The exchanger (5) is cooled’

by the pure gaseous nitrogen leaving the toi: of the upper column.' The _

two gravel filters remove any traces of we.ter vapor or CO2 as snow.

The upper and Jower colunms are connected together by the

main condenser, nh:l.ch acts-both as -the overhead condenser £6r the.

loner colnmn and the reboi_'l.er of the upper columm. Since the upper colum

0perates at 0.5 atme. ga. and :bhe lower at 4’5 atms. ga., it is poseible to

ldiquify the overhead product of the lower column (nitrogen) and rebo:.l

the oxygen at the base of the upper column, thereby stripping any entrained

mtrogen that might be" contained there:.n. Some or the “condensed. nitrogen

faJ.‘l.e back down into the lower colunm where part is col'l.ected in a liquid
—catchpot or draw-offtrey and taken to the top. of the upper column e.s _' .
~cold reflux, while the renninder stays in the lower coTuEn as reﬂux '

fo\r the same. contact witﬁ the entering h'i.gh pressure air re—evaporates

thheﬂ.reflux causing it to rise egein In this menner, very pure nitrogen

is drawn off m:;z the top of the 1ower colunm The gaseous na.trogen which |

did not fall back :Ln the lower column, but which passed en through the

. condenser, is cooled a.nd liquified in aunliary condenser (7) and eenrt to

the to;p of the upper ~colunm as 2. second reflux stream.

A .

'l‘he 1iq_nid nitrogen rrom 'both the catchpot a.nd the condenser

acts as reﬂux in the t0p column, scrubbing the rising oxygen-rich vapor

which,enters at then_knﬂ.ddle of the column. The nitrOgen contained {

is vaporized wh:l.le the orygen :E'ells down into the main condenser. _ As

previously mentioned, the hea.t exchange from the lower co‘.l.unm cﬁge‘e



some of this to boil and allowa for the etrj.ppdng of entrained nitrogen.
A very complete separation of -oxygen end nitrogen is obteined thereby.

| The liquid oxygen pu:oduct' is now withdrawn and passed through
the euxiliary condenser (7) where it gives up its latent heat of vaporization
to the high fmeeme 'gaeeoue n‘ltrogen that has leﬁ; the main condenser and
»efter Hquiﬁoetion joins the other roeflux stream at the top of the ---
upper column. ) e

Some of the geseoue nitrogen from the’ me:!.n condenser is
1\

drawn off prj.or to entering the auxlliery exchanger and goes to the -
high pcr.-essure exchanger — cold branch (4) where it cools the enher:i.ng
high pressure’ air ' The heat which it picks up in the exchanger is _
vremoved in’ the next step when it enters the expansion turbine. Part 4- )
of. the exhaueted nitrogen :.s used to precool the high pressure air in =

~exchanger (3) —-— warnr‘branch. The,reminder jo:l.ns the gaseous nitrogen

'f stream from the top of the upper column a:nd is useﬂ: to cool regenerator o

I or II, —-» SR S e T L :
j By mintain:l.ng e-defirife'ﬁresshre oﬁ'tﬁe ozj'gen'eitkief:of' U

- the. auz:l.l:lary' condenser or the acetylene separator (9), all of the :

'.oxygen a.s not vaporized on 1eav::.ns the eame, bu*b a ema:L‘l. emount remeine

. _l:.quid. " Th:i.s liqtﬂ.d is drawn off: from the acetylene eepera’l:or ae it

v-conbaine the aeetylene in eoZL'I.d form remﬂ.ting from the foregoing
liquificetion of e:..r. k Remv:.ng the acetylene~—ie a most importanb :i:tem

'for the safe o;perat:.on of the unit. ; To remove acetylene adhering‘ 0 the""*;

:vsurfaces, :1.1; i necessery to te.ke the separator and eunliary'eon enser .

\ :.e
time ahd dry them out w:l.th warmeir or-

S

" out of \eervice from time 1{0

'_“nitrogen which en _be done whj.le the mad.n um.t is :I.n operation.



¥rom the upper part of the mein\ condenser a small quantity of
gaseous oxygen can be removed. This and the geBeous oxygen from the
acetylene separator are taken to regenerators I]Ior IY_where it gives

up its cold to the large storage capacity there found ‘From here the

P o
oxygen is conveyed by the oxygen piping to the ozwgen compressors.

The gaseous nitxrogen product from the top of tl_xe upper
column is passed through exchanger (5), joins the nitrogen from the
eréension turbine- exhaust and returns. to the -n:l.trogen- regenerators'

I or II vhere it gives up its cold to the se.me, emctly as the o:qrgen

~does in regenera:bore IiT or I\T. This warms it up to- elmst room

temperature. - LT —

" The oxygen and nitrogen regenerators are periodically

changed from cooling the enter:i.ng ai.r to warm:.ng up and drying, in cycles
/

of about 5 nﬂ.mrbes. ‘The control of -bhe change-over valves is accomplished
by an electrically operated t:l.m:.ng device by means of’ con@ressed air 5

(low pressure eir, or air from the ﬁrst stege of the. h;l.gh pressure P

As a result of the low pressure umler wh::.ch the owgen e.nd -

‘m.'brogen products enter\the regenera‘bors, it :i.s an easy ms.tter to

_np:l.ck up - the water and 002 deposits which are. collected tnere :t‘rom the .

',‘entering air 'I'his allowe for reletively long operati.ng per:.ods without;

'clogging the re\geners.tors. “

o Atmspher:l.c air eontains emJJ. amounts of helium as well
: "as the main components. 'I'he boiling temperature of . helium i.s below
the coldest round in the unit. I must 'be cont:!_nually drawn oi‘f rrom

'bthe auxi.liary condenser in order not to disturb the equilibrium within

E ,the same
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PERATING msmuc'r;qms FOR THE gm_m_; FRANKEL OXYGEN UNIT

(See BCG S IV63)

Notice: “The followling instructions refer to the xmmbers of equipment
as given in sketch BCG S/Ive3. .

A. Sta Lng ptheUnit el
" a. Purging the unj.t and setti__gg aJ_‘L valves for'cold omration..

1) close. all warming up valves (bright blue in flow sheet) .

2) Open blowdown valves under regenerators, (35, 36, 40, 4. )
Open blowdown valves on lower pressure column 5L, main condenser 21,
auxiijiary condemser 54, acetylene separator. 45, 1ow pressure p:lpi.ng
between regenerator and pressure column 54 high pressure exchanger
“warn branch 26 and 7, high pressure exchanger eold:branch 25. Open - -

all anaJysis end Hampson &)cks. o

ST - 5) Open the velve for 10w pressure air entrance into high
pressure column 52 and by'pass of turbine, 8. - A ___

i) 4) Both high pressure excha:ngers (werm and cold: branch)
should be well blown down by eclosing the high pressure air entrance valve
before high pressiure colimn 2 Y opening Yelve .)7, end then closz.:ng a
rblowdov\m va.lves 25 and 26. . B R

T ©B) Nifrogen and owgen cocks arter regenerators should be set

open to 'l;he atmosphere.

s 6) ’.l‘hrottle valve, 55, :ln n:l:brooen piping of the upper column
to the regenera'bor should be compIetely 0pen. SE R o

R 7) The follom.ng Valves on 'l;he un:!.t mst be olosed- liquid from‘
high pressure column over the filter to the upper columm, 3, liquid- :nitrogen
" from liquid drawoff. tray on catchpot of the pressure column 1o 'l;he top or
upper column, 4.—_4‘ e L e el

: L:Lqu:ld n:i.trogen from au:d.liary condenser to t0p of upper '
_colunm, 5.-_; ‘ : Sl

T'1 Entrance of low pressure air into the expansion turb:l.ne, 9.

b" ‘ : ; Liq_u:ld oxygen between min and auz:Lliary ﬁondenser, 19. . Bypase
of 10w gressure air- ‘beforeA the high pressuref column to the turbine, 30. :



8) Line up both liguid filters for flow. Entrance and exit
valves should be open, 13, 14, 15 and lé.

9) Mein low pressure oock in the unit should be open.”

10) Open slowly -toth tompressed air cocke 40 the nitrogen .
regenerators, 1 and 2, and place the nitrogen regenerator and high
ptremmre colum under presme. ‘ .

11) All blowdown velves or the low pressure a:l.r system can be -
.olosed when the exhaust air e.ppeere dry. -

- 12) By mnipﬂ.e.ting regulating valves, 3,4, 5 part of the lov;
pressure air will be edmitted to the upper column whereby all attendant
piping will_be blown dry. -After blowing out the upper colum the euxiliary
condenser and acetylene separator can be blown out until the exit sir from.
the veesels and test Gocke appears dry.~ These latter will then be olosed. '

: Blow out for a short time the nitrogen side: of the h.igh
, pu.'essm.-e exchanger werm—bre.nch by opening valvee 28 anﬂ 7. .

13) Open for a short t:l.me the low pressure cock o:t‘ the oxygen
egenerator*and blow: out the:'same. .Then close the blowdown valve of the
oxygen regemerators, 40 and 4l.. -The entrance air cock and the valve of -
’the low preesnre ai.r j.nlet to the pcreesure colmm, 32 mst e c].osed.~

:Lnstructione therefore. ‘

, 16) " Connect up the motos of the. c'ycle timing mchine end cnt in
the operating low pressure air by valve 11. S

17) Check the cycle perj.o or the xﬂ.trogen regenerator. , Cloee :

: the bypass valve ‘of the turbine; 8. - 'I.'hen glowly open the inlet valve to
‘the' turbi.ne, -9y $111.°2 atm Cghe pressure :I.s reached. . ‘After checking, if
‘ A8-all right ; he'tnrbin; ‘enb ce'velv’ 3,95 be"‘

9). Open entirely entrance valve, n:l.trogen side, 28 .:ln order
“torget ‘maximam performno £he high presgure ‘exchanger, wargn'branch and
_.regulate the quanhlfy Of | n:!.‘l:rogen toa maxl.mnm o 20_ cu.m. per hour by

walea IR




20) If neocessary, start up the ammonia oompressor and set one of
the precoolers on the line.

: 21) After appro:l.mtely two hours of operation get the rate of
high pressure air at 200 cu.Z. per hour by opening valve 2. The quantity
of high pressure air can be raised to 450 cu.m. per hour after another one
or two hours. By simmltaneously increasing the quantity of nitrogen to
the exchanger 6, the temperature of the high pressure alr before the
Joule-Thompson erxpaneion valve .should be quickly brought to at least -150°C
and held there, whereby the temperature of the high pressure air before
entering the precooler should not be leee than +5°c. i If necessary, regulate
th:ls temperature with valve 2. L -

Y

The temperature of the expanded gas after the turbine should
not fall under ~170°C. - A lower temperature is undesirable because of
poesible danger to the turbine dne to l:lqn:l.d formtion :Ln the same. )

4 22) The expanded high pressure -air in the high pressure column -
(valve 2) is conveyed:to the upper column by opening valve 4 and "from’ there
through the open throttle valve 55, to the n:l.trOgen regenerator.

L 23) Obeerve the tenperature :Ln the center and Lowes “end of the
regenera.tore. If unequal, stop the cycle. ti.ming moh:l.ne. A pause longer ¥
than 10 seconds ie, not desirable. - _ , v . :

DIET. APy . = . .
3 ‘f"* 24) This operation w:l.ll be contimled until l:lqu:ld anpears in the -
h:lgh pressure colunm. and: has r:!.een b0 a- heiglrl: of approrﬁn;tely 20 om. ,

: 25) A further rise of thj.s liquid level is contro:Lled by -opening
‘the ongen regulating valve 3 which allows the liquid to flow ‘through the
filter into the upper: colunm :The 1fquid 1evel of 20 cm. :I.n thehlgh »
pm-esenre column met b% held conetazrtly.’v : .

- . =
- zs) Put a gravel ﬁ.lter on the- ]:l.ne by cloe\ing velves 15 and 14,
: Or 15 and 16- ‘“‘ C RS - _‘x___- : y ol .

L 27) Throttle the :tlow of" nitrogen from the lower eolumm; to $he 7,
upper column by holding the nitrogen regtﬂ.ati.ng valve 4 to 1/4 of :I.te total
ppenins , S . :

o 28) Take care o hold the pressure 5" the upper coluum to a m:d.mm
of 044 atms. ‘gg. by contro]ling ‘throttle ‘valve. 55. "AS: they ‘get: colder, the
'regeneratore will -take:more -low pressire: ‘air 80" [that the -pressure in the
_upper :éolumn will rise slowly.: -Gonaequently, throttle valve 55 ebill hae
~to be: adjusted as: operation’contimes, . . - Do TR

e -29) : ;Ae soon ae liquid 'eppeare :ln'the xqainlcondeneer, - sampl.
»immed:l.ately‘be teken and analyzed for acetylene by opening valve 21.

S 30) Now nuet valve z2’ be elightly oppned ellowing 1ow pressure alr
40" ‘enter the high pressure column’ and:-the-bypass 30 oomplete]s,.cloeed. ; With‘

v'th:l.s the emperatures at.the lower end ‘of- the" nj.trogen regeneratore mst: be
. carg observed. ‘l'hey ehould be approxi.mtely -160 c. e




) As soon as 1iquid in the main condenser reaches a helght
of 20 to 30 om, the oxygen regenerator mst be slowly put into operation
by opening valve 19 between the main and auxiliary condensers. Previous
4o this, valve 44 between the acetylene separator and the oxygen regenerator
mist stand open.  The quantity of oxygen should. not be more than .25% of the
:I.noond.ng low- pureesure air quantity. .

32) 'I‘ho resulting oxygen should be em.nd.ned for its purity. It
this is above 958, the oxygen mey be sent. into the opemting pipelmes.

33) Open alight]y the velve allowing liquid nitrogen from the .
auxiliary condenser %o the top of the upper columm. check to see 1f the .
Hampson meter is olear..,Valve 22 mst be open.

- 34) '.l'he nitrogen regulating valve 4 rrom ‘the drawoff tray of.the.
high prossure colum to- the upper column should be 0pen to approzl.mately
1-1/2 ﬂ.ow. : ; R _ : [y

35) When the temperature :Ln the ozygen regenerators is. below
-160°C, while. st the center is. .=10°C; .then .open slowly the low: pressure :
air enbtrance. cock into. the oxygen regenerator in such.a way that the.
temperatu:res at the center of a].'!. 4 regenerators is appu:oz:l.mately the
SamB. P

56) Open the nitrosen regulating valve 5 from the auxll:lary
condenser. 0. the upper- colum: sufficiently. wide. so that the. 1iq_u1d J;ei.ght
in. the au:lliery condenser remins oonstant at about 15 Cmai ity

) ,
the pxrj.ty of th o roge This
. t:l.me a.pressure- An. the upper column greater than 0.4 etms. Zhe- :l.s not :
.allowable. .If:the nitrogen is sufﬁcienbly pure :l.t can be ‘sent . into the '_-‘

high pressure. col ‘
:colnm containg approxjm‘bely

1% of oﬁgen.



THE OF] ON OF THE MENT

1) - The tenpemtures :ln the- centea.' of the four regenerators is
to be kept the same.

The temperatures in the oxygen regenecmtors can be -regulated by
:I.ncressd.ng ox- ’decreasing the amunt of low pressure eir

~ The tenperature of the nitrogen regenmerators can be regulated
by stopping the cycle timing machine. It is to be stopped only when the
cold regemerator is under pressure. - o ) -

2) Meke sure that the- excess 1:I.qu:l.d (app. 10 to 12 1iters/hour)
accumlates on :the acetylene separator. This can be achieved by inoreasing
the pressure in the separator by throttling valve 44 behind the acetylene °
separator. .When too. mch liquid accumlates in the separator, even when
valve 44 is entirely opem, the liguid level.in the supplementary condenser,
should be checked. _Excessive amounts may. be taken care of by means. of
valve 5. -Furthermore, it is possible that the resistance of the oxygen
regenerators is too. high, thus-causing a higher pressure. “in the separator.
Finally, it is possible that the _supplementary ‘condenser gets clogged
up, tlms :I.nterfer:l.ng w:i.th the cool:l.ng ,

. 3) '.l‘he resistance in the" :four regenerators should be measured
once every .four ‘hours.. This ig™ done ‘wheén” ?ing the. nitmgen or ozygen.
-Care sh.ould be taken that this :i.s always i ne . at: the  same time.

.

-..\\ .

' 4) '.l.‘he ﬁ.lter for the liqu:ld ‘oxygen between the high pu.-essure
.-¢olumn and the upper colum:1s:+t0:be changed every:3:.0r 4 days.::In case.
.of switching trouble, the filter should be replaced ixmned:l.ately, because

l.arger amounts of 002 then get :I.nto the ﬁ.lter. AL N S f‘.

= 5) '.Ehe high pressu:re air is mj.:rtained at a constant pu-essu.re
.:by means of valve 2. Valve.4. serves to: m:l_ntain the -amount:‘of: nitrogen::
“in:the high:pressure colum at 1%.  Opening this valve. results in a. decrease
of the nitrogen pur:l.ty. Valve 3 mairtains the 1iquid level in the pressure.
‘column at:; 20" oms:. ' Valve 5:keeps:ithe: Adquid: n:ltrogen j.n the supplementary -
j:condenser a'lr al level of approz:i.mtely Brems i ; _

L Val‘ve ‘9 controls the’ cooling performance of the: turbine. Valve
19" regulates ‘the. ‘aiount ;of; hq,uid'ozqgeh removed: from the’ msin condenser. :
-‘Valve _l controls the amoun’ oi‘ ‘gaseous :xygen. REEN E

R ‘f Throttle 5 “to meintain the: pressure on the
_colunm ‘at” 0.535; atmephere -(gage: pressure). ‘The purity of t v~n:1trogen
depends {on the.,pressure too 1ow pressure causes ‘impure n:!. rOgen O
©-.8) +The- following is to. be' done, if the‘li.uid 1ev [ in the

' n's:ln condenser decreases~ .
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1. Check if the high pressureé eir is at least et a
pressure of 200 atmospheres.(gage). If necessary the amount
of high pressure air has to be inoreased. . }

2. Bee if the cooling effect of the'turbine cannot be
inoreased by opening valve_9 or by using more nozzl_ee.

3. Check whet‘l;er the cold branch of the high pressure
-exchanger is operating, and see if the temperature of the
high pressure air just in front of the Joule-Thompson valve
has climbed to0-160 to 170°C. If necessary the high pressure-

~-

- exchanger 5 has to be heated up. (See special instructions).

7). In eddition to the fixed (p:rinted) date., ”the ro]lowing

:Ln:formtion is to 'be reoorded on the data sheet°

N

) 1. The acetylene content in the separator is to be _
determined once each shift. If the content is high, at least
“two tests should Pe made for each shift. Check whether the
air intske. tower has to be changed;. or-if—meaesse.ry remove

larger e.mounts of l:!.qu:l.d oxygen over the acetylene separator.

2. ‘Record the-lubrication of “the ‘switching velves and
the:: control cy]inder by meens -of. the Bosch oﬂer.

3. Reeord the ﬂow.Lng dovm of water from the we.ter

. separatoru of the low pressure a:!.r pd.ping

S e

. 4e One- anslysi.s per shift after 'bhe oxygen regenerators
»~is to be made.» : )

8) The ammnia pre—cooler is to-be exchanged once every 28 hours.,~

x,‘

9). '.l‘he sup@fementary condenser and the acetylene separator L

have fo be warmed up ‘after four~ weeks~eperation because o0 the acetylene .
ddnger; the auxiliary condeneer—acetylene separe.tor and the'oxygen - ' '
resemerator have to ‘bé wamed up ‘after another four weeks. ﬂ‘his :I.s usual‘l.y

; done on a’ Sunday

'.‘authorized for 0peration t the pre sures listed below‘

10) ‘T*Gontainers whic -are subjeebed“to pressure are. orﬁ.cielly

.'.l‘h.ehNg valve o :lng

.‘Upper column T O.Satm. gage"
Aeetylene sepsrator K 05 LA



Cc. D

a) In oage of complete failure of flow
Cease Opera ration: -

1) Close -valves 1, 19, 2, 3, 4, 5 and 9.

2) See if turbine ’also st0pped- if not turn it off.

3) Switoh the nitrogen and oxygen into atmosphere.-

4) Close off the supply of air to the four regenerators.

" 5).Turn off the lower Hampson meter cock of the main
condenaer and the high pressure columm.

‘Sterting: 0 | 7 _ - - ' ‘
' ,-l) Start the ammonia compressor. ’ S
2) Start the high pressure air eoznpressor, 'blow out’ the
pre—cooler. - - _
3) Start the low pressure air compct'essor. . :
4) Admit high pressure air to the apparatus by means of ~
open:l.ng valve 2.. Open ‘velves 3 and 4. .
5) Open “the; low pressure air’ entrance ‘cock to the n:l.trogen
. regenerator slowly.
8) Start up the turbine and regulate it (Open valve9).
) -Dpaw off oxygen by opéfiing valve 19. . .
..8) Put valve_ 5 into the operating position.
9) Turn on the Hampson meter cocks again. ’ ‘
7 10) Admit the low pressure air’to the oxygen regenerators.
- ) Analyze the ‘oxygen and the nitrogen. If the analysis 1s
satisfactory, adnﬁ.t them to the eollecting_‘pipe system. =

'b) a:l.lure of the: ressure cot essor e

' .~1) Close valves 2 and 9. _“;' R T
2} ‘Parn off ‘the turbine - - 3

‘Purn off ‘the high pressu.re exchanger by closing valve 6

[ __,_' 4) The apparams mey remain in oPeration for several hours .
SLTE . without a high pressure eir supply.. .. -
5) Starting up is; done in the reverse order. -

) Fail_t_:ae of the ammonia comessor Bty e
i PrOceed as: shown in partl» (‘b). : L

tch_ by hand avery l-l/% m:lmtes.
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. G OFF HEAT \TUS

1. Switoh the nitrogen apd the oxygen into the atmosphere.

2. (Close off the intake of 1liquid oxygen to the auxiliary condensexr
(19) and the inteke of nitrogem to the turbine. :

3. Turn off the turbine.

L

4. Turn.off the entrance valvep of low pressure alr to the four .
" regenerators; the oycle timing machine contimues rumning.

5. Tarn off the high pressure air (57)_'” . R

6. -Draw off all liquids from the £ilter (46, 51), from the pressure
‘1 columi (31), from the main éondemser ( 215 “from the euxiliary-
L —condenser (54),. and the acetylene separator (45)~

7. Close the following control valves: high- pressure air imtake %o

s pa:essure' colum (2), gaseous omgen passage from the main condense
%0 regenerator (1). o

-8 Open the fo]lowing wanmp or exhaust velves if they are closed:
2, 3, 4, 5, 7, 9,10, 13, 14, 15, 16, 19, 21, 22, 25, 26, 28, 29, 51 34,
35, /36, 40, 41, 44, 45, 46, 50, 51 54, 56, 59, 60, 61.. Also open. - ..
throttle valve 55. r-mthermre, 0pen all Ha:mpson meter and analysis valves.

Qs - Switch the n:!:brogen valves to the rsgenerators. The oxygen smtching
valve are to remain open. : g ] L : .

10. - Admit he gas ror warmi.ng up purposes “to the apparatus. The gas e
‘enters through.valve 29 from where it passes to ‘the upper colum, to-
themin .condenser via the ‘oXygen branch of the auxiliary condenser

" and to-the: acetylene separator. . The gases.leave’the apparatus through
quick opening valve 21, through valve 45 (1’01'\ emptying the separator), :
and through the" oxygen’ regenerator. The gas elso embers through walve. ..
50, into the nitrogen .part of the au:dlisry'—lcondenser, fromwhere it . .
passes: through the high pressure’ ‘eolumn (22) ,'the filters and to the ' -
cold ‘and warm branch. “The.gas: is rennved:‘byue y the high pressure A
“column (&1), the suxiliary:condenser (54), and the two £ilters (46 and 51),
~also through the. turbine vent™(10) and valve 7e Finally, the ‘gas also =
‘enters through velve 56 in’ order to warm up;’ ‘the’ lrl.gh p:ressure section.‘ ki
‘The" gas leavesthrough valves 25, 26 and 51. AT S e

1.1 Tuu'n off thosj parbs of th

apparatus which have been warmed up already
byclosing off “the ‘re ctiv e ! ; :

vblowdown valves. -

112.';" A the ‘e-apparat _,'been wamed up, the' nitrogen regenerators '
P are also warmed up; ‘uy open-l.ng he switching valves. ORIt

13 . The' warm'and cold. branch and th regenea:ators may also be'warmed uy
separately. e '

2
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14. Tho temperature in the apperatus should not exqeed 55°C when
15. Arter the apparatus has been warmed up it should be oarefu]ly
blown out.

l6. ‘I'he individual parts of the apparatus are to be.examined for leaks
. by means of air pressure tests. _ -

17. The apparatus is now again ready for 'oper_at:lon.

= w B CLEANING THE AUXTLIARY CONDENSER

1. The auxiliary condenser and the acetylene seperator should be warmed
up every four weeks. - . -~

2, The amount of ozygen is to be brought down to approz:fmately 1200 m3
=~ +the oxygen is to be passed through velve 1 in’ the gaseous state;
the: liquid valve (19) is to be kept ‘cloged. .

,3'. alves 44, 5 end— 22 are to be closed.

4. Valves 50 and-53 for the intake and valves 45 ‘B4 and 58 for the

. ‘exhaust. are to be Opened. up. ‘
5. Start warnﬂ.ng up the” condenser. This process ‘has %o be continued until -
valves 54,58 and . 45 are conpletely warmed “Upe-

e

_6’. \Cease paeei.ng the heated gases and close valves 45, »50, 55 and 54'.
7. Open valves 44 and 22 dompletely.‘ It is recommsnded that valve A9
.. be opened momentarily before heating up the suxiliary condenser, -
-in opder to. remove any passible impurities. Valve 15 As to be

_ switched to the half open pos:l.t:.on. ‘ . el : o5
8. If lfq,uid nitrogen accumulates :Ln the- condenser, :Lt :Ls to be drawn
, off through valve 5 to the upper column i . (

: 9 Valve 19 is td be 0pened"slowly, while vslve 1 i,s to be closed.

'I'he unit msy be operated again at— desired capacit.‘r- s

2 The apparatus is tq be s]mt off.



3a

4.

5.

6.

7.
8.

_'V’alves 44, 22, _a;nﬂ 5 are to be closed. ‘ L

-6 -

Mitrogen and oxygen are to be vented into the atmosphere.

‘The liquid in the acetylene aeparator is to be drawn off through

valve 45.

Valvea 19 and 9 are to be closed. . i

'I'he turbine is to be slm.t o:tf. _ .

The air intake cocks of the four regenerators are. to be closed.

\Talve 57 is to be closed in order to ehut off the h;lgh p:ressure

air supply.-
'l'he time cycl:lng machine should cont:[mle to run.

' The l:l.quid in the auxiliary condenser is to be_blown dovm through
valve 54. :

, 'Valvesﬂandﬁ ‘are to be opened.‘ R
';The heated gae is to en:ter through valves 50 53 and 45.;; s

. When valves 54 end 45 are heated up enough, they are to be’ closed-
o valve 50 i.s also to be closed- valve 44\18 o= be opened.;;_~ _'-;-f <

. jm;en an exit temperature of approximte]y +1o°c ‘has been attained
--the heating aps pa:ocess :ls~to 'be concluded and the apparatus mey bew

operated again - - S

-\.‘f-Cease heati:ng up, fvalves 43" and 55 ere tc be closed. o i

““The air inteke of the ‘nitx'ogen regenerators s o ’ne opened up. .

.:When a temerature of appu.'oxl.mtely. -22°c has been attained in the‘:
“".center .of the ozygem regenerators, the 10w ptreseure ‘alr- 15 to be

E T’_adnrltted to “the’ oxygen. regenerator.

79
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24. The apparatue my be readjusted to the desired pu.'odnotion.

HEATMEETHEMRHANDQLDBRANOHOFTHBEI@ME

1. Olose the high pressure sir regulating valve in front of - i
pressure eolnmn (2) and the high pressure air :lnteke valve (57).

2. Smt off the turbine intake valve (9) and the ‘nitrogen supply
for the warm branch (28) and the nitrogen pre-coolecr (6). Shut
off the turbine. o _ :

3. Open up the exhaust velves, the warn branch (26) and the cold )
T ‘branch (25) of the high prressure sideé of the’ exchanger end the
" -warm branch on the nitrogen side. .

’r — o

Opqn velves. 56, 27, 24 and 25. . , ‘»"_

i

5. Close the exhaust valves, when the warn gas starts passing through
- thema L .-..:-‘. - . : PN

6. When warn air or ‘wWarm gee haa passed through all exhauet openings, :
: thepsroceeeisfinished. . ; e ]

7. 'Open valve 57 in order to put both exchangers under high preesure.

8. Open nitnogen valve 28 in order to’ ‘sbart cold operation of the ,
- warn branch of the exchanger. Fix inteke at about 20 m3/ hour by
- means of valve 6. : . ‘ § .

‘9‘.‘,'-'0perate the turbine without the amd.]iary nozzles- open the nitrogen
T inteke to the tur‘bine (9). . : et .

- \

10+ When the nitrogen rrom the turbine has reach a temperature of ,
- '=l20°C admit some high pressure air to the high preesure colum’ by
-meens of opening the regulatingwelve 2,,,, EE T
= s ?When the high pressu:r:e air reaohes -a temperature of appronmtely

L =1509Cy - the amount /Of high pressure’ 2iT 18 to be. inoreased to—the~ -

.. stendard amount.. The: turbine load is to_be brought up to . F

' ptandard by opening the: supplementary nozz:l.ee. The: suppIy" : nitrogen
%0/ the warm brednch. is'to be inoreased to such a value that the mormal:

- Operating temperature of: th h:!.gh pmessure air reaches 45°c before enter—

the .

2 .;::aes up: to 450 ﬁlhonr of

hj_gh ‘wesmew to ,' t 2§
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H. MISCRLLANEOUS

-

"

The presence of oxygen is a prerequisite for-combustion. In the
concentrations such.as ocour in this apparatus, oxygen would

. accelerate the combustion to a very high degree; a great deal of

2.

cantion is in order. All parks which come into contact with oxygen

. mst be free of oil, in particular armatures, fittings and pacicings.

Care should also be taken. that the clothes of-the machinists are
not -._B:Lrty, ‘because they are lisble to catch fire in oxygen rich air.

-The erfect' of. oxygen 1nereaeee ‘With Inoreasing pa:essﬁre. For instance

the’ reaotion at 20 atmospheres ocours- 20- times as fast as with at-

~ “xospheric oxygen: Thus in the presence of high pressure oxygen the

mwst mimte ignition might cause iron to burn. ~Farticular care should

B f therefore be taken to 1neure appmpcriate packing of h:!gh_pressure
ozygen pipings. R ) -

. In thie oxygen and n:ltrogen product:lomprooees, J:l.quid omgen and
“nitrogen are elgo. obtained. Because these liquids are-at extremely
:"low temperatures, the dengecr of eerioue accidente on: contact wj.th

| ,-"these liquide e:d.ste. A _ L ‘
Tt 18 not- pecrmiesible 'l;hat liquid oxygen be poured in any. considerable

’émunte ingide.the workshop, . oxygen would evaporate immediately, which
X ,‘wouId cause an emtreme ~loca1 :l.norease of the ozwgen concentra—

-OX¥'E en’and nitrogen evaporate vez-y easily They are to be SR
transported ‘and stoxerl only: in“specielly. constructed or completely
ers.’ Closed containers would’ explode because of the

o 1u.me or vaporizetion. S
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APPENDTX TO THE OPERATING TNSTRUCTIONS FOR THE OXYGEN UNI®

Iist of Valves and Cocks for Same

-~

- ‘ Desorimion

"

1) Gaseous ongen' rrom main condenser to oxygen regenerators III ard IV.
- 2) Regnlation of high pressure alr* before enterj.ng h:l.gh _pressure column. -

. —— rah

3) ILiquid oz;ygen from h’igh pressure column arter .the ﬁ.lter before enterj.ng
the upper column. - . _ :

4) I.:Lquid nitrogen from cetohpot before enter:l.ng upper eolumn. P _

5) ILiquid nitrogen from. auz:uiary condenser berore enterj.ng npper column.

-6) _NMitrogen affer the high pressure exchanger — warm, branch, before
: nitrogen precooler. - ,

7) Blowdown for dry:i.ng out h:igh pressure exchanger — warm branch nitrogen .
: s:l.de. S e ———

- 8). Bypass of" the expansion turbine. »’—mv
9) Nitmgen before the expansion "'burb:ine
: 10) Blowdown for dry:].ng out turbine
11) Imv pressure air for cycle -tinﬂ.ng mchine.
) 12) High pressure > air :f.‘or cycle tim:lng mchine. L
'15) Fﬂ.ter*ent, 1eft f:uter, for Jd.g_uid o:r.ygen after high pressure column.

o -

14) Eﬂter—entr&nce—lert—f—

v’v E T e
15) F:l.lter exi.t right ﬁlter, for 11qu;ld o:wgen after: high pressure colunm.v
'16)— »F:l:lter entrance, rj,ght ﬁlter, for l’l.quid Ozygen.- S A e

18) Nitrogen from the au:d.liery condenser to the nj.trogen regenerator
. exehe.nger s warmbrench. _ SRR TR o

'19) Liquid ozygen frOm msin condenser before au'd.]}l.ery' ,ggﬁaéﬁsai-.ﬁ

e e

#0)- Liquid-oi¥gen froy datn’ condenser %0 %@ .



21l) Liquid oxygen from mi.n—eondonser to atmosphere and vaporizex
22) ‘Gaseous nitrogen from main condoneer to euxiliary oondenser.
23) Warming 'up for blowdown for high pressure air before high pressure columm.

24) Warming up of. bloudown for high pzressure airabetween both high preesure
exchangers. .

25) “ Blowdown for waming up high pressure air between high pressu.re exchanger -—
c0ld branch and high pressure column. -

' 26) Blowdown for warming up hish pressure air 'between both exchangere. ,'
27) Warming up high pressure exchanger == warm branch nitrogen s:l.de. -_ﬂ

28) Nitrogen from expansion. turbine_ before-high pressure exchanger -—
warm 'bre.nch. ] -

29) . Warm.ng up of nitrogen regeneretor -— nitrogen pipd.ng from upper’ colunm
to regenerator. . .

30) Bypass of pa.-essure column for. Tow pressure air while stert:l_ng up um.t.
a) . Ex:L'I: of 1iquid: o:ygen “from h.'l.gh pressure. column. ' :
52) Low pressure air en‘brence into high pressure column. ' S

55) Blswﬂown for warnﬂ.ng up low pressure air piping between regenerator and °
- mgh»pressure column. : _ RO

54) Blowdown- of low pressure e.ir piping between regenerator and high
pressure column o S , - .

55) Blowdmm for waming up QOld. eniregenerator I. X

56) Blowdown for wa:ming up cold and regenerator II.

57) 'l'hawing of blowdevm n:ﬁ;rogen regenerator I.

_3§) Thawing Qf*l_udom nitrogen regenerator e il

59) Thgwing of blowdown-p:lpe, omgen regenerator III.
40) Blowdown of v"l:hawing, oxygen regenerator III.

'41) Blwwdown ror the.wing, oxygan regnemtor :|:v. L
42) Thawing blowdown-piping oxygen regenerator Iv. _

-‘43) 'l‘bawing of ozygen regenerator below o:wgen piping between eeperator?
and regenere:bor. ; g . :

44) Gaseous oxygen arber e.cetyleﬁe separator 1;0 regenerator.

45) Liquid exit of acetylene separator to atnospheu:e. .
46) L:l.quid ez:l:l: 1eﬁ; ﬁ.lter to blowdown.



47) Liquid exit of aeetylene separator to vaporizer.

48) Varming up of left tilter. .. '

49) Werming up of right filter. .

50) Warming up of euxiliary condenser, nitmgen side.

51) - Liquid extt, Tght filter from m space.

52) Blowing down of warming up, em:l.liery condenser nitrogen eide,
'55) Warnﬂ.ng up auxiliary condenser, OXygen eide. .

'54) L:I.qu:ld exit suxiliary condenser nitrogen eide to atmephere.
v55) Throttle valve for n!.trogen trom upper eolumn $6 regnerator.

56) Warn:lng of h:lgher p:reesure exchanger, wari and cold brench, high
pa.'essure side. ) , e L T

57) Entranee high preseure e:l.r, before unit.
\58) Blowdown of warm!.ng-up, acetylene eeparator.
: 59) Liquid exit left ﬁ.lter :f:l.‘Om outside.

"'so) Liquid exit right ﬁ.lter from ‘outside.






