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1. lNTH.ODrJCTION 
The En·~ rgy Dou blc r Prog rz..n1 at the Nationu.l J\cc~ 1.c ~·ato r 

L~lboratory <:.nd ;;..ctivitics propo.se<l by other National Laboratories will 
require low tcn1pe ratu re helil1n1 refrigc rator ~ that are about the s;:unc 
si:;;e as the largest helitcEI. liquefiers in this country. For z • .i.l o.£ these 
developing programs, it is very in1portant that the refrigcrato i·s be 
"highly reiiablc <::.nd capable of coi1tinuous operation. 0.£ equal i•nportance 
i~; lhat the cooling system operate properiy when first installed-rework 
is very time consuming and expen.sive. 

With these objectives in rnind, NBS personnel visited five helium 
extraction f:::.cilities ·which have on-site the four la1·gest hcliurn liquefiers 
in the U.S. Althoug11 the prirnary intent \V<lS to dete_;_-r11inc how successfully 
'J·,c ratl.1er s02histicated llcliurn expansio~1 devices operatc<l in the field, 
we also questioned the su:pe rviso r 3, operators and mainten;:u:1ce personnel 
,,:)out the other major cornponents of the proc2ss plants since the refrigera
tot·s will als<) have the sa:ne sort of vu.cuum insulation systems, purifiers 
and comp res so rs which rnust function reliably. 

Even if records had been made available, searching through logs 
c(_,vering 10 years of op8ration was not pr;:::.cticaL The information in 
this report was gathered by quc:s·cio:ting facility personnel. The au-ci1ors 
have 1nade no attempt to evaluate 01· compare the equip1nent. Only (acts 
as l·eported by facility personnel are given. The failure history for the· 
past 2 to 3 y.:~ars is probably fairly reliable. At each facility, there was 
at least one person who vividly :;:-emembc:red tne details of the initial 
star-tup. The failure history ir~ fhe ;,~niddle years is hazy. 

A word of caution rnust be bjected. While every effort was made 
to find out all. details of the failures experienced, di:fferent interpreta
tions of the word 'failure' may bias the ciata. To those who in the past 
had catastrophic mechanical brealzdowns, a 2-hour packing replacement 
every 2 months now may not be judged failure, only an inconvenience, 

All of the plants had difficulty to some degree at startup. In some 
cz,ses, there were basic design IHoblems; in others, the problems were 
inherent to r.ew construction. Basic design _o_;_· fabrication proble1ns have 
a.i.fcctcd both turbines a11cl reciprocating expanders, heat exchangers, 
i;::-;ulation sysb~rns, purifiers, and cornpresso1·s. At this time, at all 

. the f:::.cilitie s, the nece s sz..ry revisions have been made although some of 
the r.nachine ry still reqLti res rno re than ordinary careful ope ration. 

All of the heliun1 liquefiers ~u·e prccooled to liquid nitrogen tem
perature. Each of the liquefi~rs ha.ve expansion turbine~ operating at 
below liquid nitrogen temperature and all but one have reciprocating, 
two phase exhaust expansion engines at the lowest temperatures. 



? ..... FACILITIES VISITED 

Keyes Helium Plant - No liquefaction 
Keyes, Oklahorn.a 

Phillips G rccnwood Plant - One liqueiie r 
Elkhart, Kansas 

Cities Se rvicc J ayhawk Helium Plant - Two liquefiers 
Satanta, Kansas 

National Helium Corporation - No liquefaction 
Liberal, Kansas 

Kansas Refined Helium. Company - One liquefier 
Otis, Kansas 

These facilities will be referred to by the mailing address city. 
Detailed plant and equiprnent descriptions arc given in the appendices, 

3. RECENT EXPERIENCE SUM:i\'1ARY - EXPANSION MACHIN.ES 
Ex?ansion rr1achine failures over the past 2 or 3 yc;:crs (or more 

\T..'hen docL!!.""!J.ented.), a:re sunJ.mari~ecl in t}1is secti0r1 8.~d i.n. t~\°Ql(~ 1. 011,.. 

definition of failure was any instance when an expansion device stopped 
or was stopped for unscheduled rc·~)air, replacerr .. ent or rr1;).intenance. 
As rnentionecl, all such "failures" are probably not recorded here. 
The re fore, the numbers given will tend to be optimistic, 

l\., Keyes 
1, Rotary - About one nitrogen turbine bearing and 

seal failui·e occurs each year. There are a total 
of six turbines, four of which are norrnally ope rated 
at one tirne. These machines requi1·e careful 
operation. 

2. Reciprocating - At any one time, three of the high 
pres sure r::i(; t·ogen rcciprocadng machines are 
operated. There a1·c a total of ten such units. The 
irnpres.sion is that rnaintenance is ahnost continuous 
arnong the ten inachine s. No failure rate could he 
determ.incd, 

B. Elkhart 
1. Rotary - The re are t\vo heliurn expansion turbines 

in this fac tlity which run full ti1ne without reclunclancy. 
Three turbines have failed in the last 2 years - -1. 3 
operating years per failure. The two nitrogen turbine 
expanders have been virtually trouble ~free since the 
plant was con1.rnis sio11.cd. 
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2. Reciprocating - [n the past 18 months, there have 
been about six instances oi oil seeping down the 
low tcrnpe ratu re cylinders, freezing and cutting 
out seals. There have been no other failures of 
these new expansion nlachincs which exhaust two 
phase helium. 

C. Satanta 
1. Rota l"Y, ·original liquefic i· - About one helium turbine 

of the two fails ;::icr year. These units require very 
caretul operation and arc sensitive to plant upsets, 
power failures, etc. 

2. Rotary, new liquefier - In service for 1. 5 years, 
the1«~ have been three failures arnon3 the two 
turbines, none of which can be attributed to the 
bearing or rotating assen1bly design. These units 
are tolerant of cnanges in process conditions ar.d 

3. 
oper;.1.i:or acljustn1cnts. 
Reciprocating, new liquefier - Three .failures have 
also occurred in the two cylinders of the two phase 
exhaust helium reciprocating expander. Once a 
screv1 dropped into a cylinder; another time frozen 
in1purities cau;;;c<l a piston seizure. The rer:naining 
seizure is \.1.!l>:'XI:)L•.ined. Br1th the sr.:re'v b::-r.:ld.n~ out 
and worn cams at 3000 hours require materials 
changes. 

D. Liberal 

E. Otis 

l. 

While the re are no helium expanders or liqucfactio~ 
equiprrient at this plant, the oper;:iting record is 
imprcssive--50 days clown in 10 years with no 
impurity freeze plugging. 

Rotary - Ten turbines (two ope1:ate full time) 11ave 
failed in 7. 5 years. The p1·irnary rec-1.son has been 
contan1inants in the process sti·earr1. These units 
arc easy to operate. 

2. Reciprocating - T\.vO failures have occurred in 
4800 hours of operatim:i. Both times, screws fell 
into the cylindel's, Worn can1s were replaced at 
3000 hours. 
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4·. DISCUSSION 
A. Gencr.:cl 

Conta1ninants in the process !>trcatn were universally 
cited by the facility personnel as a source of trouble. 0£ course, 
Lhc liquciier feed strearn continually brings trace amounts into 
the process, a situation that presurnably will not exist for the 
Energy Doubler refrig"".rators excepL in the sn1all an"lount 0£ 
make up hcliun1. None -the -less, the advice offc red at all the 
facilities--goocl purifien; are the key to trouble free operation-

should he ca.refoll y }1eeclec1. 
The advantage of redundant co~nponenl:s which allow 

continuous operation lies i>1 the f<J.d that a n1ajority of the expander 
failures occur during star'.:up or shutdown either because 0£ pres
sure disturba:1ccs or the r:c,.igration of contaminants as ten1pera
tures change along the process stream. 

Seve1·al of the plant lnanagers stressed t:1c necessity of 
adequate instrun1entation and the difficulty in trouble shooting if 
the proper ins~run:cnts and sarn.ple Leps were not installed. 

All of the plant rnanagers c1nphasized the need for con1petent 
rnaintenance and l·epair personnel. Two maintenance n1<magers 
said that the ordinary mechanic was not ca~able of making rneasure
rnents accurately enough to satisfactorily detcrrnine the clearances 
in the turbines--speciai t.:.lent is necessary. 
B. Expanders 

The choice between tul·bine 01· reciprocating expansion 
devices may well be decided by the ilow rates involved rather than 
th•~ 2.pparent diffc rence in fctilurc fl·ec operating time shown in 
table 1. The warm expai1sion devices, turbL1es in all the liquefiers 
visited, handle a fiow roughly ten tirnes larger than the cold 
reciprocating expanders. For good turbine efficiency, as the 
diarneter is decreased for lower flo\'./ rates, the speed must be 
increased. There is an upper surface speed lirn:.t for oil lubricated 
·beari11gs. In some :::iI the _t)l.:,,,_ts, the t'urbo expaadcrs wci··~ the 
smallest that the rnc.rrnfacturer had built at that ti1ne. Thus, the 
option oi using turbines at the lowest len1peratu:tcs with two phase 
exhaust and lower flow rat•:~; rnay ccquire gas bearings and some 
development. On the other hand, reciprocating expanders to 
handle lhe highc r flow rate at the higher temperatures will be 
quite ·large. 

At son-1e of the facilities, the personnel felt that not enough 
atlention had been given to designing for turbine stop - start 
l ranscicnts. They e1nphasizecl the need for high quality control 
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hardware foi· the bearing oil systcrns and that e1nergcncy control 
functions should be provided for all plant n-i.alfunctions. For 
e:-::an1plc, if the high pressure helium flow is interrupted, the 
turbine should auton1atically shut down but in addition the oil 
(low should be sto_?pecl when the turbine stops to avoid pumping 
oil into tl1e process piping. 

For the properly designed expanders, the rnost significant 
factor contributing to failure is contamination, either oil, wear 
particles from compressor rings or frozen contaminants in the 
process s tre a1n. 
C. Cornpressors 

Dry hibricatecl reciprocated helium com.pressors eliminate 
oil contar .. 1ina.tion but inspection a:-id :;..~eplacen1ent of worn rings is 
required. The typical inspection interval is 90 clays wiJ.ile typical 
ring life varied frorn 90 days to about l year. Ring life varied 
between different brands oi compressors at the same pl<1.nt. No 
n.1cntio:1 was n-;.ade of any oiher problcrns such as short valve life 
or oil breakdown. 

The diaphragm compressors are higher inaintenance items 
but do provide high pressures in only a few stages ar..d are oil-free, 
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5. EXPA~SI0.0J DEVIC}~S AT OTHER F A.CILITIES 
The United States facilities listed below ~ne those known by the 

aulhors to have low lemp.:.:rature expansion devices although not necessarily 
o;)er<:tting on hcliurn. There are many expanders in air separation plants 
localed throughout the country which are not listed. 

Brookhaven National Laboratory 
Argonne :\ational Labo:i;atory 
Los .Alarnos Scientific Laboratory 
Lawrence Livermore Laboratory 

Langley Research Center 
Mississippi Test Facility 
West Palm Beach, Florida 
Long Beach, California 
Sac L"an1ento, California 
Ontario, California 

(Some of the older hydrogen liquefiers may have been disrnantled.) 
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\ l\.';i_J'-.;rce;u by .1.. f(. Strobddgc and C. i•'. buidt) 

1\P?E.i\:DIX A. 

I. CiENERAL 
l. FACILITY: Keyes Helium Plant 

2. CONTACTS: 

U.S. Bureau of 1'.1ine s, Heliun1 Operations 
Keyes, Oklahoma 73947 

Tckphonc: 405 516-2.411 
(53 employees) 
Herb~~ rt Kalmar1 - Helium Ope rations, 
Amarillo, Texas 
Robert \'.foods - Helium Operations, 
Amarillo, Texas 
Carl Schcgcl - Plant Superintendent 
Gurncll Gz.n1blin - Assistant Plant Superintendent 

3. DATE OF VISIT: 12/10/73 
4. PIUNCIPAL PRODUCT: Grade 11 A 11 helium as gas only 
5. PRINCIPAL CUSTO?v:ER: U.S. GovP,rnrncnt b 
6. NATURAL GAS PROCESSING CAPACITY: 70 x 10 SCFD 
7. HELIU.N.l CONTENT IN NATURAL GAS: 2 percent 
8. COST: .$11 x 106 

9. HISTORY P.J°"'TD PROCESS: The I<cycs plant was built as 
part of the Helimn Conse rvo.tion :? .rogra1n to extract 
helium from the natural gas pas sing through a comrne rcial 
pipeline. Construction was finished in late 1959; foli 
p.cudu1.:~.i.on wa.s .ct:ac1H::ll 8 Jci.y::. ~i.l'le1· ::.La.i:Lup. Tht:: o_pe1·a.tii-1g 
schedule i.s 2.4 hours per day, 365 days per year and is 
met at least with partia1 production mainly due to over 
design and redundant equipment. 

The natural gas diverted from. the pipeline is first stripped 
of water and co

2 
in a liquid chcn1ical process. The rcmabder 

of the water is adsorbed in desiccant beds. So called 11 crude 
heliun1 11 (about 70 -percent helium) is produced by liquefaction 
and phase separation of the feed stream. Refrigeral:iOil £or 
the liquefaction is pl'.'ovicled by Claude cycle nitrogen refrigera
tors which use two turbo expanders in series. The crude 
heliu1n stream is co:11pressed to much higher than the feed 
strca1n pressure and is further ;_:n1dfiecl by two phase separa
tions at low temperatu1·e, finally pas :.;ing through an adsorber 
at liquid nitrogen t0mperaturc. Again, the refrigeration is 
provided by a Claude cycle refrigerator, this time using 
reciprocating expandc rs. Thus, this facility has operated . 

Al 



both types of expand'-' rs .for a nurnbc r of years. The 
grade A heliurn is :m1nped to as high as 4000 psi with 
cliaph ragrn cornpre sso rs. The othc l. cornp re ssors are 
oil lubricated; these are useci to com.press the helium 
free natural gas back to the pi~)cline pressure, for the 
nitrogen refrigerators, and to compress the cn1de helium 
prior to final puriiicition. The re is no helium liquciaction 
capability at this site. 

II. EQUIPMENT 
1. EXPANDERS 

A Rotary - Two tu.rbo exp.:~nders per cold box for crude helium 
production, total of six. · 

Design specifications: 
Flow - 106, 000 SCFH of nitrogen 
Isentropic e f.ficiency - 7 5 pc rcent 
Tip speecl - 700 to 730 £t/s 
Inlet - 600 psia, 177 K 
Outlet - 0-2 psig in two stages 
Maxirnurr1 speed - Hi;:;;h pressure unit ()7, 000 rpm 

·Low pressure unit 35, 000 rpm 
(Va.ric:cble 25 to 100 percent of limit) 

Puwel' cli::>sipatioi-. - Air blower 
\V'neel sizes - High pressure unit - 2. 63 in. 

Low pressure unit - 5. 99 in. 
Bearings - Pressure lubricated oil journal and 

thrust bearings 
\lfneel and nozzle - Radial inflow, axial outflow, 

£ixccl nozzle, full admission 

Seals - Labyrinth and seal gas 
Operating conditions at tirne of visit: 

High Low 

Inlet pressure, psig 
Discharge pressure, ps1g 
Inlet ternpe rahlre, K 
Discharge teinpc ratu re, K 
Typical speed, rpm 

lv1aintenance schedule - None 

A2 

Pressure 
400 
105 
186. 5 
148. 2 

35-40,000 

Pressure 
105 

1. 5 
148.2 
111 

15-20,000 



13. n.ccip1·oc<.Lltng - Two reciprocating (one redundant) 
pc r cold box for final helium purification, total 
0£ 1 o. 

Design specifications: 
Flow - About 106 SCFD 
Iscntropic efficiency - About SS percent 
Inlet - 600 psia, 162 K 
Outlet - 0-2 psi, 78 I\. _ (2 to 6 percent wet) 
Maximum speccl - 250 - 300 rpm 
Power dissipation - Oil pump 
Bore and stroke - About 5 x 9 in. 
Piston rings - Mic21;rta 

Maintenance schedule - None 

2. COLD BOXES AND HEAT EXCHANGERS 

Insulation - Rock wool with pure nitrogen purge 
Heat exchangers - Giaaque - Hampson coiled tube 

3. COlviPRESSORS 
A. Natural gas 

B. 

c. 

Three, reciprocating, 2000 hp, single stage. 
Integral natural gas n1otor drive, supercharged, 
V6, two cycle. 160 to 500 psi 

Nitrogen 
Three reciprocating, 2500 hp, three stage. 
Integral n2.tural gas motor drive, V 10, two cycle. 
3 to 600 psi 

Crude helium. 
Three, reciprocating, 240 hp, three stage. 
Integral natural gas motor drive, V8, 
four cycle. 50 to 2700 psi 

l'v1aintenance s chcdule for A, B, and C above: 
Annual ovc rhaul of conl.prc s sor cylinders is 
clone when mo to rs 2..::.·c serviced. 

D. Grade A ·helium 
Three, rccip rocating, diaph ragrn, single stage. 
Electi-ically driven. 2700 to 4000 psi 

Maintenance schedule - Diaphragms are changed 
at 1000 hours. 
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III. OPERATING EXPERIENCE 
1. EXPANDERS 

A. Rotary - Normally, two of the three sets of turbines 
are operated with the thirJ cold box: and pair of 
turbines on reserve. Tlic normal failure 1·ate is 

B. 

about one turbine per yea1· out oi the six although 
there have bceil. two in the past few inonths. The 
typical rnode of failure is bearing and seal destruction 
although the in"Lprcssion was thci.t the failure was not 
sudden but p~·ogressive. The indication is an increase 
in seal gas .Gow, The rn.o:;t frequent problem is with 
the high pres sure turbine where tluust; loads arc 
probably l1ighe:-.;t. A ruined bearin'g usually has sorne 
of the babbitt metal pulled fronJ. the surface. . Some 
of the problems have been caused by operator erro1·. 
During the first startup, an operator error fiooded 
the piping with de sic cant dust which ruined the turbine 
bearings. :?:;:-es sure surges in the process streams 
have caused problems at tirnes, but on the whole afler 
operati:1g personnel were t;:ained, the turbines give 
fairly satis£a.cto1·y service. At first, the turbines 
\Ve re returned to the n-1ai1ufacturer for repair. This 
procedure v1as found to be very expensive and tirne 
consuming so now all repairs a1·e made in the Bureau 
of lvlines central shops. Two spa1·e co::-.aplete rotating 
assemblies a.re kept on hand. The re has not been any 
technical help from the manufacturer for a m .. ffl1ber of 
years. 
Reciprocating - These expansion engines arc not of 
modern de sign. V/hile the re is no scheduled rnaintenance 
program, the impression is that m.aintenance is continuous. 
The common wear items are the valve seals, the rocker 
and bearings and the piston rings. AH of those ·operating 
were leaking around the seals, Unclesirable features are 
fixed valve c<:;.r.1s which limit flexibility and di..'."ficulty in 
controlling speed. The Cllergy adsorbi:ion device is an 
oil pump. The units were delivered with oil pumps that 
were too small and it took two iterations before the 
right size was installed. 
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2 COLD BOXES A.l\D HEAT EXCHANGERS 
There have been few problcn.1::; v,ith the cold 
boxes and heat cxchci.ngers a.lthough sornc of them had 
large frost and ice build-up areas. 

3. CO?vlPRESSORS 
The natu i·al gas, nitrogen and crude he liuin cornpre s so rs 
(originally all met.al :6ngs) an~ relatively trouble free. 
Recently, howcvc r, the crankshaft on one of the 2000 hp 
units failed. lv1easurernents showed the crankcase was 
bowed so that the crankshaft bearings were not aligned. 
The reason gi•.ren is that the thermal gr<~<lie~1t in the 
foundation was sufficient to produce the bending. 

The gr::i.dc A helium compressors originally \Vere equipped 
with cast rings. Since then one unit has been fitted with 
chrorne rings and another with nonmetallic rings. The 
latter change n1ay be in preparation for nonlubricated 
ope ration. 

The high pres sure diaphrag1n cornpres s o;:s require 
diaphragm replacernent at 1000 hour intervals as pre
ventati.ve rnaintenance. Infrequently, the comp en::: ating 
pu;nps rnust be replaced al1cl there have been several 
connecting rod .i.·epl2..cements over the past i4 years. 
T:1cre has not been a significzmt problcn1 with the valves. 

IV. GENERAL ADVICE BY FACILITY PERSONNEL 
l. Vl11en writing specifications, be sure to requi1:e instru

n1entation sufficient to n1casu re equiprnent performance. 
2. Protection devices, for instance turbine over speed, 

1nust be of high quality or inadvertent shutdowns will occur. 
3. Silicon oils will adsorb large amounts of helium and 

lose lubricating qualities. 
4. Blo\ve 1· loaded turbines are good, but loading characteristics 

are critical at startup. 

AS · 



I. 

--

GEN.EH.AL 
1. F J~CILITY: Phillips Grce1nvoocl Plant 

Elk ha rt, Kansas 6 79 SO 
Telephone: 316 592-2501 

( 32 ernployc es) 

2. CONT ACTS: Paul Farrell - Plant Superintendent 

3. 
4. 

5. 

6. 
7. 
8. 
9. 
1 o. 

J. D .. Carson - Open1tions Supervisor 
L. B. Jones - ~v1aintenance Supervisor 

DATE OF VISIT: 12/11 /73 
OWNER: Alaina Chemical, a Phillips Petroleum 
SLtbsidiary, and Gardner Cryogenics 
PRINCIPAL PRODUCTS: Li~,ui<l helium 

Liqi.H:~iied pct roleurn gases 
HELIUl\1 LIQUEFACTION CAPACITY: 630 liter/hour 
PRINCIPAL HELIUM CUS70l'v1ER: Gardner Cryogenics 
NATURAL GAS PROCESSING CAPACITY: 65 x 106 SCFD 
HELIUM CONTE0J'i.' IN NATURAL GAS: O. 55 percent 
HISTORY .A1'JD PROCESS: I-Ieiiur.n. is extracted from natural 
gas in a Colorado Inte l·state Gas Con1pany pipeline. Con
struction was completed in 1965 and foil production was 
re ache cl in 1966. J:',;.1e re is no redundant equipment at this 
facility so production is interrupted whenever any u:nit 
breaks down. Crude hcliur:n is extracted frorn the gas 
stre2.m with a closed propane refrigeration cycle and a 
closed cycle nitrogen turbo expander ref:dgerator. F'ur1:l1er 
refinement to produce g racle A helium. uses another closed 
cycle nitrogen turbo expander refrigerator. The helium 
liquefaction process is a Claude cycle, liquid nitrogen 
precooled. The warn1 exp2-i1sion turbines are in series. 
The JT valve is bypassed with two reciprocating, wet 
exhaust, expanders. Helium feed to the liquefier is 
purified with activated alun1ina and charcoal at liquid 
nitrogen temperature and again on activated alumina at 
about 23 K. The hc:iu1n compressors for the liquefaction 
cycle arc dl4y lubricated. High pressure con1p1·essors 
for filling cylinders are diaphragm or dry lubricated. 
\Ve were allowed to inspect only the helium li.quefaction 
equipment; the company is sen::iitive about the separation 
process and equipn1ent. 
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II. EQUIPMENT (Incomplete - pi:oprietary) 

1. EXPANDERS 

A. Rot.:iry 
Helium - Two turbo expanders in series 

Design specifications: 
Flow - 87, 5.00 SCFH 
Inlet - High pressure unit - 150 psig, 78 K 
Discharge - Low pressure unit - 2 psig, 6 K 
l'v1axi:rrn.nn speed - 72, 000 rpm 

(Variable from 20 to 100 percent) 

Power dissipation - Oil brake 
High pressure unit - 6. 16 hp 
Low p1·essure unit - 3. 7 hp 

W1rnel sizes - High pressure unit - about 1. 75 in. 
Low pres sure unit - about 2. 2 5 in. 

Bearings - Pressure lubric;ited oil journal and 
thrust bearings (Babbit) 

\Vheel and nozzle - Radial in.flow, axial outflow, 
adjustable nozzle blades, 
full admission 

Seals - Labyrinth and seal gas 

:Maintenance schedule - None 
F'· Nitrogen - Two turbo expanders 

No details 

Maintenance schedule - None 
B. Reciprocating 

Helium - Two single stage, two phase ,exhaust 
in parallel 

Design specifications: 
Flow ~ About 250, 000 SCFD each 
Inlet - 150 psig, 6 K 
Discharge - 2 psig, 4. 4 K 
Speed - 200 - 800 rpm 
Power dissipation - Electric generator 
Bore and st rokc - 2 in. by 4 in. 
Piston rings - Teflon 

?v1aintenan cc s chcdule - Wann up about every 
6 months for oil rc1noval at cold end, 
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2. COLD DOX .Ai.\;D BEAT EXGlIANGERS 
Insulation - V:..cuurn and rn.ulti-laycr, 78 K shield 
Heat exchange rs - Plate-fin 

.Nfaintcnance schedule - None 

3. COMPH.ESSORS 
A. NahHal gas and p1:opane 

T\vO reciprocating, integral natural gas 
rnotor cl rive, 16 7 0 hp, cl ry lubricated 
compressor cylinders 

Maintenance schedule - 60 days 
B. Helium. 

One reciprocating, int .. "!g ral natural 
gas n1.otor drive, 550 hp, four cycle, 
dry lubricated cornpl·essor cylinders, 
2 to 150 psig 

One reciprocating, integral natural gas 
inotor drive, 600 11p, two cycle, <l::·y lubricated 
compressor cylinders, 2 - 150 psig 

Maintenance schedule - 60 <lays 
C. Helium 

T:wo, diaph rag1n, two stage, elecl:-dcally 
driven, 250 to 3300 pt>ig 

Maintenance schedule - 60 days 
III. OPERATING EXPERIENCE 

1. EXPANDERS 
A. Rotary - At the time of our visit, the heliumtu.rbines 

had been running for about l year except during the 
annual shutdown. \V11en the olar,t was first built, .. . . 
these were two types of problcxns. First, there 
was turbine wheel erosion clue to either dirt in the 
piping or solid neon. The c;:.usc was never really 
pinpointed but the c01nbi11atinn of a larger cold 
adsorber and inorc operating tir.ne has alleviated 
the problem, Secondly, bcc:1.i-ings and seals had a 
very short life at the plant startup. This difficulty 
was traced to bearing oil return li.ncs that were too 
srnall and did not slope enough. Since the return 
oil flow was irn.pcd-::d, the bearing cavities would 
flood and force oil i1~to the.process stream C;lusing 
unbalance, bearing inte rfc rence and shutdown. 
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Since the proper revisions were rnack i.1 1971, 
three :;ets of bearings have been repJ;~cc<l, 

The two nitrogen hubincs have been virtually trouble 

free, 

As opposed to the early dv..ys of the pLi.nt, there has 
been ,10 outsid~ technical assistance for several years. 
Spare pa:rts carried are a cornpletc r,, ta ting assembly 
for each nl.achi.ne, spare sh<Lfts, heat xtrrie1· walls, 
expandc r wheels, brake wheels, and 1: ne set of the 
adjustable nozzk blades. 

B. Rcciproc:iti:ag - The ori;:_,i:::-i;:i.l \-vet e;chz.~1st expanders 

we re design-de f.icient v;rit:h weak roo::- ~ tcmpe rature 
running gear. Droken iterns include, ~J1.1t are not 
restricteci to, bellows, v<.'.lve sterns, c::inncct:ing rods, 
ca1ns, and bearings. The new machi.· cs are much 
more substantially constructed and a; Lhis time have 
run for 18 months with no failures. '.·1e re is a small 
oil seep fron1 t}1e cr;:inkcase which '-Vi ,:s onto l}1e 
connecting rods and valve sterns. Tl-_ units are shut 
down about every 6 rnoni:"hs for oil c:_,.:·an up to prevent 
rnigration to the cold Sl'!cticns. These units arc easy 
to remove and replace; additionally fr.:e design aiiows 
valve porting changes. There has be;~n no outside 
technical assistance for 2 years. S:_)are par.ts carried 
arc v2.lves, valve pushrod0, a piston ;·od and a 
connecting rod. The oil lubricated ru::ning gear will 
be replaced wil:h cl:ry lubricated runni~· g gear in the 
first part of 1974. 

2. COLD BOX AND HEAT EX CH ANGERS 
There have been few problems in the "·acuum insulated 
cold box. At one time, tr.ere was evi,:.lcnce of a process 
line leak w}1ich turned out to be four L:aks but no further 
difficulties have developed. 

3. COMPRESSORS 
Some trial and error was l·cquired to find a rrng rnaterial 
ior the dry lubricated co111prcssor. \-vit:h a usefol service 
life. Rider ring design changes also were made. At 
this ~imc, the rings arc ch~~ngecl, at ti-..,_; annual overhaul; 
at about 6 ni.onths, the pistons are rotated one half turn 
to turn the unworn section of the ricle1· ring to the boUom 
of the cylinder. Several com.panics nov; market graphite 
impregnated Teflon rings that are salisfactory. 
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IV. 

The Greenwood facility ·has not had good experience 
with diaphragrn con1p1·c s sors. The re has been short 
diaphrag1n life (2 wcelcs), wrist pin bearing wear, 
eras s head bearing wear, failures in the lirniting 
valves and compensating pu:rnp and even broken 
cylindc r heads. 

GENERAL ADVICE BY FACILITY PERSONNEL 
1, Lack. of redundant equiprnent has hurt the operation. 

Several sn1aller :rn<:1.chi:nc s in pl<:1.cc of one large one are 
much preferred. 

2. Oil -:>upply to L-i.ubine be<l.rings s}1ould automatically shut off 
in case of corri1)re.s s Ol' or high ~J res sure failure .. 

3. Inspector should be in shop dul'il1g fabrication H for nothing 
more than to keep weld slag and grinding dust out of 
process piping. 

4. Do not shut dov1n unless mandatory. Startup and shutdown 
causes COii.taminate car ryovc r and freeze-up. 
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APPENDIX C. 

I. GENERAL 
1. FACILITY: Citic s Sc rvice J ay}1awk I-k1linm Plant 

Route 1, Box 42 

2. CONTACTS: 

Satanta, Kansas 7bSO1 
Telephone: 316 65 7-22!1 

(56 employees) 
Dick Davis - Plant Superia~·~11clcnt 
Glen Chernohan -· Operation Superintendent 
Jack Horn - Teclrnical Services Supervisor 
(New telephone: 918 586-2.211) 

3. DATE OF VISIT: 12/12-13/73 
4. OWNER: Cities 3crvice Oil Con1pany 
5. PRINCIPAL PRODUCT: Liquid helium 

Liquefied petroleum gas 
6. HELIUM LIQUEE'ACTION CAPACITY: 

Original unit - 81 S liter /huJ.r design 
727 liter/hm:r nominal 

New unit - 818 liter/hour nr,,:-r1inal 
(Expandable to 1930 litGr/hour) 

7. PRINCIPAL HELIU~'vi CUST01'viER: Linde, Air Products 
and C1:..:::n1icals Inc. , and 
Ai eco Cryogenics 

8. NATURAL GAS PROCESSING CAPACU'Y: SOO x i 06 SC:F'D 
9. HELHHvi CONTENT IN NATURAL GAS: 0.L~ percent 
10. HISTORY AND PROCESS: He:lium is extracted from natural 

gas in a company owned pipeline. The hel1um separation 
plant v1as built as part of the U.S. Govern-.:ncnt Helium 
Conservation Prograrn in 196 3. The re are two separate 
heliun1 liquefaction facilities en site. The original liquefier 
was finished in November 1968; the heat e;:changers were 
shipped for reworl<~ in Decernber 1968 and :i.quicl helium 
production commenced in early 1969. The second liquefier 
\Vas comn1issioJ.1ccl in June 1972. The· opc:<:cting 2checlule is 
365 days per year, 24 hours per clc:i.y with 2 days down every 
90 for compressor n1aintcnance. A n1ajo;:-~ty of the compressqr 
drives at the fa.cility are steam turbines \v::;:h speed reduction 
gears for the reciprocating, dry lub1-icatct~ machines. Yearly 

. overhaul of the drives i·cquired by nat..ural :;as motors is 
elin1inated.. Feed to both liquefiers is Gr ale A hcliuin at 
liquid nitrogen temperature. Difference::> i:1 design philosophy 
of the two liquefiers are apparent. Exper:.encc with the older 
unit led the cor.npany to <lcrnancl more COLi.9letc instrumentation, 
process strearn san1ple t~Lps and selective warn1up gas injection 
points. The resuii: has been much sn-ioofa0r, reliable 

operation. 
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For the original liquc{icr, the rnanufacturcrs provided 
assistance at the stzi.rlup and representatives have hccn 
on site to sol vc tL1 l·bine problcrns. A<ldition;:i.lly, the re 
have been two other visits; once to deal with the cold box 
insulation z.nd once to fix the storage dewar. 

F'or the new liquefier, there has been no outside technical 
assistance since st::i.rtup. 

II. EQ UIP?v1ENT 
1. EXPAi.\rDERS 

A. Rotary - Helium., two turbo expanders in 
series 

Design and ope rating conditions: 
Flow 

High pressure unit - 198-206, 000 SCFH 
Low pressure unit - 216-224, 000 SCFH 

Inlet 
:High pressure unit - 120 psig, 36 K 
Low pressure unit - 46 psig, 17. 6 K 

Discharge 
!-Iigh presstire unit - L15 psig, ?Q ~ u - , . - _ .. 
Low pressure unit - 4 psig, 17 K 

Maximum spc<!!d 
High pressure unit - 95, 000 rprn, 85, 000 nom.inal 
Low pressure unit - 65, 000 rpm, 54, 000 nominal 

Power dissipation - Oil brake 
Wheel sizes - About 1. 5 in. 
Bearings - Pres sure lubricated oil journal and 

thrust bearings (Babbit) 
Wheel and nozzle - Radial inflow, a.'Cial outflow, 

fixed nozzle blades, full 
admission 

Seals - Teflon labyrin~h and seal gas (Seal gas 
for both turbines 5370 SCl.''D). 

lv1ainten<.lnce schecl;.1le - None 
2. COLD BOX AND HEAT EXCHANGERS 

Insulation - Vacuum and Pearlite, 78 K shield 
Heat exchangers - Plate fin 

Maintenance schedule - None 
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3. COMPRESSORS 
Helium 
One reciprocating four stage, ste.'.1.m turbine drive, 
1200 hp, dry lubricated compressor cylinders 

Maintenance schedule - Teflon ring replace1nent 
90 days. ( 100 clays is too long). 

Helium 
Four, <liaphragrn, two stage, electric drive 
Two, diaphragm, single sta6c, c:lectric drive 

III. OPERATING EXP:E:UE~CE, ORIGINAL LIQUE.::TIER 
1. EXPANDERS 

A. Rotary - Vlhcn i:he lique.fi~r was first started, the 
turbine bearings faikcl with sta1·tling regularity. 
The thrust bearings '\Vere not strong enough making 
the high pressure unit very sensitive to back p1·essure 
fluctuations. Small fluctuations in the plant process 
conditions or an operator rniscue rnea.nt a turbine 
failure. The failures were preceded by an increase 
in seal gas flow rate as the labyrinth was desb:oyed, 
followed by noise and seizure. The turbines are 
clifficnlt to start and stop successil.:.lly, requiring 
three operators. However, since the initial proble1ns, 
there is about one turbine failure per year. Redesign 
and oper;:i,tor experience are probably responsible 
for the increased running time but the liquefier still 
demands kid-glove handling. One each of the tu1·bines 
al·e kept as spa1·~s with all repa.irs made by the 
n1anufacturer. The manufacturer is very responsive. 

There has been no outside technical 
assistance for the turbines for several years. 

2. COLD BOX AND HEAT EXCHA~\l"GERS 
Originaily, the insult1.tion was simply a 78 K shield with 
helium gas in the dewar. Excessive heat leak forced a 
change to evacuated pe rlite insulation. At the time of 
the visit, there was frost and ice· at several locations on 
the dewar and top plate and a_round the turbines. At installa
tion, there \Vas poor flow distribution in the heat exchangers 
which we re cut out and shipped to the heat exchanger manu
facturer for rework. There have been several leaks over 

·the years. The 34, 000 gallon storag~ dewar insulation 
vacuum has been continually rnarginal. 
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3. COMPRESSORS 
Rcplaccrnent of the Teflon ring!> in the four stage reciprocating 
compressor is rn.andatory at 90 clays and requires 2 clays. 
This is fairly und•:;sirable bt.~cause the turbines are difficult 
to stop and start successfully. Wl1en first installed, steel 
baffles in the Ad1niralty t-ubc intercoolers corroded out. 
Faulty cooling water treatment was the probable cause. 

The re has not been. exceptional ::;e rvicc from the diapluag-m 
co1np1·essors. The valve plate wears on the guide stern allowing 
the plate to cock a1:d hang up. In adclition, the oil pressure 
lirniting valves occasionally we<'.r. Diaphragrn life is l. 5 to 
3 months. Prescnlly, they arc using 1/2 hal·d 301 stainless 
stt~cl for the diaphrag1ns. 

IV. EQUIPlAENT, NEW LIQUEFIER 
1. EXPANDERS 

A. Rotary 
Helium, two turbo expanders 

Design and ope rating conditions: 
Flow 

High pres sure unit - 198, 000 SCFH 
Low pressure unit - 198, 000 SCFH 

Inlet 
High pressure unit - 270 psig 
Low pressure unit - 125 psig 

Discharge 
High pressure unit - 125 psig 
Low pressure unit - 40 psig 

· Maximurn speed 
High pressure unit - 127, 000 rpm, 123, 000 norninal 
Low pressure unit - 127, 000 rpm, 100, 000 nom.inal 

Power d).ssipation - Oil brake 
\Vh c e 1 s i 7' e s -
Bearings - Pressur.::; lub:dcatc<l oil journal and 

thrust bca:dngs 
Wheel and nozzle - Radial inflow, axial outflow, 

fixed nozzle blades, foll admission 
(The wheels are the same for both 
expandc rs, the nozzle plates are 
different.) 

Seals - Labydnth and seal gas 

Maintenance schedule - None 
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B. Reciprocating 
Heliun1 - One, two cvlindc r, two phase 
exhaust 

Desien and operating conC:itions: 
Flow - About twice the liquid production, 20, 250 SCFH 
I nl ct - 2 7 0 psi g 
Interstage - ·10 psig 
Discharge - 1 psig 
Speed - 125 rpm 
Power dissipation - Electrical generator 
Bo re and stroke - 3 in. by 3 in. 
Bearings - Roller and ball 
Piston rings - Warm, one 0- ring and three oil 

impregnated feU rings 
Valve rod seals - Warm, stacked glands 
Piston - Micarta 

lvlaintenance schedule - None 
2. COLD BOX .AND HE.AT EX CHA0;GERS 

3. 

Insulation - High vacuum and multi-layer 
Heat exchange rs - Pl.ab~ - fin - Tl·ane 
1v1aintenance schedule - None 

COMPRESSOH. 
One five stage reciprocating, integral natural gas motor 
drive, 800 hp, dry lubricated compressor cylinders, 
0. 5 to 275 psig 

Maintenance schedule - Check compressor rings, 
90 days 

V. OPERATING EXPERIENCE - NEW LIQUEFIER 
1. EXPANDERS 

A. Rotary- These turbines arc m.uch easier to operate 
than those in the older plant. They are very tolerant 
to variations in liqucfie r ope ratlng condilions and 
operator adjustrnents of those conditions. Cornpared 
to the older units, they are easier to install. Three 
turbines have failed since the liquefier was started 
in June 1972. One was inadvertently conta1ninated 
and frozen while shut down. \Vhen it was started, 
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three blades broke off one side of the wheel. Still 
it ran at 90, 000 rpn1 until it was conv.enient to shut 
down and replace it. Another turbine sci:r.ed after an 
electric motor in the oil kbrication systen1 burned 

up and cont'1rn.il1ated the oil with particulate n1atter. 
The third turbine seized during automatic shutdown 
following; ~power failure to the oil syst.crn. A room 
temperature valve did not function properly. 

One spare shaft and wheel arc kept on hand with all 
rcp;::d.rs made by the m;omuEacLurer, 

B. Recip:rocating - The two l_)hasc exha.u::;c reciprocating 
expander is run only when the resulting 25 pe1:cent 
increase in liquefier output is requil-cd to n1eet sales 
commitments. Generally, the facility supervisors 
are satisfied because failures do not stop liquid· 
production, only decrease it. After 3000 hours of 
operation, the valve and piston cams were worn to 
the point that replacing w::.s rnandatory. Three cthe r 
failures h;;:.ve occurred. A screw which served as a 
valve seal retainer dropped into the cylinder. T}1e 
resul~ing split Micarta piston was repaired by sawing 
off the split portion and gluing on an additional secLion. 
The screws can of course be staked, pinned, or wired. 
Seizing has occn1:recl twice; once perhaps due to faulty 
defrosting and another time for unknown reasons. In 
the last case, the piston was charred and a liquid of 
unknown nature was found in the cylinder. The 
presence of oxygen necessary for burning has not 
been explained. 

COLD BOX AND HEAT EXCHANGERS 
Difficulties in analyzing problems with the older liquefier 
prompted the con1pany to rcqui1·e extensive instrurnentation 
and process strea1n sample taps in this new unit. Selective 
defrosting is therefore easily ;iccornplished and migr;o.tion 
of in1pu riti0 s can be traced. The re has been no trouble with 
the high vacuurn-multilaye r insulation \vhich is very effective. 
The plate-fin 11cat exchangers are designed for about twice 
the presen~ flow rate so the plant capacity can be increased 
by adding a compre$sor and modifying the turbine wheels. 



Shop .fabricated transfer line sections were field installed 
by the prirnc contractor and ha.ve been a source 0£ trouble 
because of faulty field welds. 

3, COMPH.ESSOR 
A five stage instead of four stage heliurn compressor was 
chosen so that cylir ... dc r ten1pe ratu res would not be so high. 
Also, very large inte1·coolers were chosen. The result 
has been longer ring life but u:1til n1ore operating experience 
is accurnulated, the ring wear is checked at 90 day intervals. 

VI. GENERAL ADVICE BY FA.CILITY PERSONNEL 
1. Require adequate instrumentation for diagnosis. 
2. lvfake sure tha.t startup and shutdown ope1·ations are 

p rovidcd for by vendors. 
3. Insure that welders for field e:;:ection are qualified. 
4. Keep compression cylinder temperatures low in dry 

lubricated reciprocating corn.prcssors. 
5. ivfake provisions for contaminant analysis and selective 

warmup. 
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( H.cportc<l by '.C. R. St rob.ridge an.cl C. F. Sindt) 

APPENDIX D. 

I. GENERAL 
1. FACILITY: National Hcliurn Corporation 

P. 0. Box 1008 
Liberal, l<ansas 67901 

-r:elcphone: 316 624-7231 
2. CONTACTS: Ross W. Wilson - President 
3. DATE OF VISIT: 12/12/73 
4. 0\VNERS: National Distillers and Cher:nical Corporation 

Panha:i:1dle Eastern Pipe Line Coir.pany 
5. PRINCIPAL PRODUCT: Liquefied petroleum gas 

Crude helium ( 65 percent helium) 
6. HELIUM LIQUEFACTION CAPl\.CITY: None 
7. PRINCIPAL HELIU.fvi CUSTOMER: U.S. Government, 

Heliu1n Conse:Lvation Program 
(Dis continued) 

8. NATURAL GAS PROCESSING CAPACITY: 1 x 1 o9 SCFD 
9. :HELIUM CONTENT IN NATURAL GAS: 0. 4 percent 
10. HISTORY AND PROCESS: This facility is the largest of the 

private industry hcliurn extraction plants for the Helium 
Conservation Program. Dedicated September 24, 196 3, 
operation has be.::n virtually continuous although helium 
..::xtraction was stopped when the Govcrnrnent contracts were 
cancelled. Thus, about 109 SCFY of helium are lost to the 
atmosphere. The facility continues to produce LPG. 

The separation process employs stripping and fractionation 
rather than flash phase separation such as in the Keyes 
facility resulting in almost total heliurn extraction from the 
feed stream. Careful laboratory experiments and pilot 
plant studies led to the final design. Equipment selection 
and supervised construction coupled with design have resulted 
in continuous production with the ~xccption oI 50 days for the 
past 10 years. Propane, Methc:i?e and Nitrogen cycles supply 
rcfrige ration at des cencling tempe l·allire levels to the fracLiona
tion colurnns. 

II. EQUIPl\H.:NT 
(~ote. This facility was not on the original itinerary. The visit 

was vc ry short and in the early evening, resulting in incomplete acquisi
tion of equipment nameplate data. ) 
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l. EXPANDERS - None 
2. COLD BOXES AND ~-IEAT EXCHANGERS -

Insulation - Jvlincral wool at higher temperatures, 
expanded pcarlitc at low tem.perat:ures 
all with nitrogen pu1·ge 

Heat exchangers. - All copper tubing on stainless 
inandrcls in stainless shells. 

Maintenance schedule - None 
3, COMPRESSORS 

Eight centrHugal, electrically driven comprcsso1·s for 
natural gas, propa;1c, rncthanc, and nitrogen 

Two reciprocating electrically driven for helium. 

Total installed drive power - 50, 000 hp 

1v1aintenance schedule 
Centrifugal 

Change oil pumps - Annually 
Check high speed couplings - Annually 
Check bearings - 5 years 
Check m.otor bearings - 5 years 
Check gear box~s - 5 years 

III. OPERA TING EXPERIENCE 
1. COLD BOXES AND HEAT EXCHANGERS 

Only once in 10 years has a cold box been opened :for repair. 
Plant personnel attribute this to quality control during 
fabrication and the n-1ccha~1ical design. For instance, all 
possible joints are welded in the process piping. There are 
only three dc1nountable joints in all o.f the cold piping. 
Knowing that workmen \vould 11ave to be in the cold boxes 
to compact the mineral wool as it was installed, f'.very 
process, instrument, and control line that would not stand 
a man 1 s weight was protected by angle or chanri.el structure. 

Water is ren1oved fron1 the process stream by adsorbtion 
on activated alurnina to less than O. 1 ppm. Good drying 
was considered important during the design process and 
there has been no freezing in 10 years of operation. (Tests 
have shown that a majority of the walc1· is adsorbed at the 
outside surfa .. cc of the ahunina bed. ) In fact, the re. has never 
been any plugging in the plant because of contaminants. 
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2. COMPRESSORS 
Insuffident pipe support n1ernbc rs led to vibration at 
startup. The n1achincry is very noisy and would not be 
tolerated n<!ar usual working or living areas. \Yorkers 
rnust wear carrnuffs in the vicinity. Very occasionally 
an oil seal will fail or wear out but not in a catastrophic 
manner so there is tin1c to plan a shutdown of the n1achine. 
for repair. The mo.intcnance sc1:\.Cc1ule testifies to the 
trouble free operation of these compressors. 

IV. GENERAL ADVICE BY FACILITY PERSONNEL 
1. High quality cquiprnent is ncc.c;osary for continuous 

trou blc-free ope ration. 
2. Prototypes should be thoroughly tc::;tcd, 
3. .Adequate instrumentation is nc cc ssa ry. 
4. Adequate process stream clean-up is necessary for 

continuous froublc-free operation . 
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APPENDIX E. 

I. GENERAL 
1. FACILITY: Kansas Refined Helium Company 

P. 0. Box 312 
Otis, Kansas 67565 

Telephone: 913 387-2281 
2. CONTACTS: Roy I<:rugcr - Plant Manager 

Al 'Pc sis ca - Plant Superintendent 
Tom Lynch - Maintenance Manager 
Jim Hamm - Chief Operator 

3. DATE OF VISI1': 12/11.1/73 
4. O'WNER: George A. Engle 
5. PRINCIPAL PRODUCT: Liquid helium 
6. HELIUM LIQUEFACTION CAPACITY: 880 liter/hour. 

1090 liter/hour vnth 
two phase exhau.s t 
reciprocating expander 

7. PRINCIPAL HELIUM CUSTOMER: Airco 
8. ~ATURAL GAS PROCESSING CAPACITY: 700, 000 SCFH 
9. HELIUM CONTENT IN NATURAL Gi'..S: 1. 5 percent. Can 

be as high as 3. 5 percent with the addition 
of cn1cle helium from Northern Natural Gas. 

l 0, IIISTORY .lLT\JD PrtOC:SSS: O\vncd by .. un indi·~,-i<.luu.l, ~11.c Oti::; 
plant was built to supply liquid hcliun1 to private industry. 
'\Vhile the liquefier functioned properly, it took an extra 
year to solve problems with the cxL·action process. The 
prime contractor for the tu:rnkey contract went out of business 
after full production was reached in May 1966. Since that 
time, liquid heliurn has been produced 97 percent of the 
scheduled operation time which is full time exclucli.ng scheduled 
maintenance. A two-phase exhaust, reciprocating expansion 
engine has been added to increase production by about 25 
pe~·cent. At the time of our vi~it, liquid heliurn had been 
produced continuously for the past 17 months. 

Grade A helium is fed to the liquefier at about 80 Kat the 
highest pressure in the cycle. The feed hcliurn does not pass 
through the two turbo expancle rs, thus elirninating contarnina
tion and unbalance problerns there~ There are four pressure 
levels in the process with the Joule-Thomson process (or the 
reciprocating expanders) operating between the higliest ancJ 
lowest pressures and the turbines operating between the inter
n1cdiate and lowest pressures. (The reciprocating expander 
is operated only when necessary to n1eet sales 
commitments.) 

I 

There are no engincer~ng personnel at the site; there has 
been no outside technical assistance for the past 1 7 months. 
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II. EQUIP~f.SNT 

l. EXPANDERS 
A. Rotary 

Helium., two turbo expanders in series 

Design and operating conditions: 
Flow 

Inlet 

High pres sure unit - 200, 000 SCFH 
Low pressure unit 200, 000 SCFH + some 

of 70, 000 SCFH 

High pressure unit - 120 psig, 34. 3 K 
Low pressure unit - 45 psig, 14. 3 K 

Discharge 
High pressure unit - 45 psig, 27. 6 K 
Low pressu1·e unit - 4. 4 psig, 9. 83 K 

Maximum speed 
High pres sure unit - 9 5, 000 rpm, 8 0, 000 nominal 
Lo\v pressure unit - 35, 000 rpm, 54, 000 nominal 

Power dissipation - Oil brake 
\Vheel sizes 

High pressure unit - 1, 77 in. 
Lowpressureunit- l.97in. 

Bearings - Pressure lubricated oil journal and 
thrust bearings 

"Wheel and nozzle - Radial inflow, axial outflow, 
fixed nozzle blades, full 
admission 

Seals - Labyrinth and seal gas 

Maintenance schedule - None 
B. Reciprocating 

Helium - One, two cylinder, two phase exhaust 

Design and ope rating conditions 
Flow 

Warm cylinder - 70, 000 SCFH 
Cold cylinder - 27, 000 SCFH plus flashing loss 

Inlet 
Warrn cylinder - 210 psig 
Cold cylinder - 45 psig 

1' 
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Discharge· 
Warm cylinder - 45 psig 
Cold cylinder - 4. 4 psig 

Speed - Nominal 200 rpn1 
Power dissip::i.tion - Electrical generator 
Bore and stroke - 3 in. by 3 in. 
Bearings - Roller and bail 
Piston rings - Wann, one 0-ring and three oil 

imprcgnat~d felt rings 
Valve rod seals - Wann, stacked glands 
Piston - Micarta 

Maintenance schedule - None 
2. COLD BOX Ai\fD :HEAT EXCHANGERS 

Insulation - High vacuum. 
Heat exchangers - Plate-fin 

Maintenance schedule - None 
3. COMPRESSORS 

Heliurn - Two, four stage, reciprocating, integral 
natural gas motor drive, 500 hp, dry lubricated 
co1npressor cylinders, 4 - 210 psig 

Maintenance schedule -
Check compressor piston and rider rings - 90 days 
Change interstage and final filters - 30-60 days 

Helium 
Two, single stage, diaphragm 

·Maintenance schedule - None 
III. OPERATING EXPERIENCE 

1. EXPANDERS 
A. Rotary - There have been a total of ten 1.urbine failures 

since the plant was sta1·tecl, The majority of these 
were due to contarninants in the process stream, 
both frozen cont.o..rninants and wear particles from the 
dry lubricated cor...-i.p res s or ·rings. The rcrnaining 
failures have been caused by oil pun1p failures, etc. 
None could be traced to .faulty bearing or seal design. 
The addition of three sets of filters for the wear 
particles and careful attention to maintaining process 
stream purity have been the key for trouble free 
operation. The turbines are easy to stop and start 
and arc tole rant to operator c r rors. 
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IV. 

Two cor:nplcte turbines arc kept as spares along with 
seven sets of rotors and bearings. (The spare parts 
inventory at this facility was extensive· for all the 
machinery.) Repairs arc m.aclc by the Jnanu
facturer. Since the initi<.tl operation, there 
has been no outside tech11ical assistance for 
the turbines. 

B. Reciprocating - A total oi 4840 ope rating hours have been 
accunmlatcd on Lhe two phase exhaust expansion engine. 
During that tin1e, two valve .seal retaining screws have 
·fallen into the cylinders ruining pistons. At about 
3000 hours, repairs to the valve cams v;ere required. 
The cam repairs were maclc by the plant maintenance 
n1en who feel a wider key a,1cl keyway would alleviate 
the problem. The manufacturer has been very coopera
tive and in general, the machine is quite satisfactory. 
It is easy to start and stop, taking about l. 5 hours to 
cool down and bring on line. 

2. COLD BOX AJ.'JD HEAT EXCHANGERS 
There have been no pl'oblems with the cold box and heat 
exchangers although the botto1n 4 feet of the dewar were 
frosted as was part of the large storage dewar. Evidently, 
the production rate is satisfactory and the heat leak is not 
considered excessive. 

3. COMP RESS ORS 
The dry lubricated helium compressors are shut down ri.nd 
inspected for ring wear every 90 days. Typical ring life is 
9 months. Difficulties with wear particles traveling to the 
liquefier prompted the installation of three sets of filters-
the last one is 10 µ., operating at 80 K. All of the natural 
gas motor-compressors were re-bored after 6 years 0£ 
service. 

Valve life on the diaphragm co:npressors wo.s about 1 month. 
However, decreasing the valve plate travel has helped 
considerably. Diaplu2.~1-r1 life is typically 2500 hours. Since 
the plant was started, one crankshaft was bent and one piston 
seized. The manufactllrer as sis te<l 'I.vi th the seized piston. 

GENERAL ADVICE BY FACILITY p1;:n..sONNEL 
1. Adequate adsorption capacity is an absolute necessity. 

In1pure process gas has been the biggest problem, 
2. Good maintenance pci-sonnel and careful operators are the 

key to success.i.ul ope'ration. 
3, The plant equipment is well suited to the company's 

requirements. 

I 
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1. Keyes -

2. Keyes -

3. Keyes -

4. Keyes -

Nitrogen expansion turbine. 

Hall containing expansion devices, six turbines and 
crude helium cold boxes on right, five final purification 
cold boxes and ten reciprocating expanders on left. 

Cold boxes containing main heat exchangers. 

One of the three 2500 hp, three stage nitrogen 
compressors. 

S. Elkhart - From left: Vertical stainless cylinder-neon adsorber; 
horizontal white dewar - vapor separator and liquid 
helium collection dewar; two story metal shack houses 
two reciprocating two phase exhaust expanders; tall 
white cylinder-main liquefier cold box. 

6. Elkhart - Running gear for one of the reciprocating expanders. 

7. Elkhart - Oil supply system for turbine bearings. 

8. Otis - Turbine housings - have been outside for 7. 5 years. 

9. Otis - Running gear for reciprocating expander. 

10, Satanta - One liquefier is housed in pitched roof building in 
shadow foreground. Other liquefier is near horizontal 
white helium dewar. 

11. Satanta - Original liquefier cold box in foreground shadow 
extends almost to top of corrugated shack. Turbines 
are in shack. 

12. Satanta - New liquefier cold box is behind middle sphere and 
extends almost to roof. 

13. Liberal - Four electrically driven centrifugal compressors 
totaling 25000 hp. 


