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ABSTRACT

Operating experience since the last report ‘Aug. 1983, is covered.
The current mode of supplying liquid helium t¢~ the superconducting acceél-
Aerator ring 18" explained including a discussion of the interaction of the
rdystem with upsets in the ring. ;ne method of centrolling helium flow to
the dewars, liquidfhelium pump,,nelium subcoeler. and cold box is very
stable and largely automatie. ‘The capacity qf the plant s 136 .g/s at the
-current ‘operating pﬂint with a peak demand flow of greater than 250 g/s
using 1iquid pumped £rom dewar etorage. The design speciflications of the
ymajor equigment are tabulated giving the main . eharacteristics of ‘the com-
‘pressors. cold box, and helium end"giprogenieberqge The opergting histo-
fry is analyzed to yield a 1ifetime efriciency of‘?ﬂi in 19840 hours of .
running, and a breakdown of major failures and their causes is given. The
fmajor sourcea of dewntime have been contamination of helium stream by
dust, water, and’ nitrogen. The solutiene to these problems are discugsed.
A new 1iquid helium pump has been oommissioned which has improved the sys-
tem reliability and performance. This reeiprocating pump is described and
test data is presented. A third compressgr has been commissioned as a
backUp for the two original compressorg. A new control system utilizing a
Texag Instruments PM550 programmgble controller is used to monitor .and
£ trol the third compressor. The perfgrmance of the PM550 has been ex-
cellent, and it is being implemented to control other parts of the system.

INTRODUCTION

" The Férmilab Central Helium Liquefier is an industrial type complex
installed in 2’70 m by 15 m building. A new 90,000 kg per day nitrogen
reliquerier is being commissioned in the north end of the building. and a
description of this equipment has been submitted for publication.? The
complex is located 183 m from the accelerator ring and 1s connected to the
ring by a liquid nitrogen shielded transfer line which transports liquid
helium and nitrogen from the CHL, around the 6.4 kilometer ring, and back

te the CHL.

The primary functign of the CHL is to supply liquid; helium and nitro-
gen, to thé Tevatron. This liquid {s used in conjunction with 24 satellite
refrigerators distributed around the ring to provide 24 kW of refrigera~
tion to operate the supercondueting magnets in the beam tunnel. The ac-
celera&or ‘cannot reach full energy unless the CHL 1s at 80% of full capa-
eigy. hererore. the first priority, is to keep the plant as rellable as
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' Figf 1.f:Hain helium flows in steady state operation.l,
i . . se

possible. The effectiveneas of the CHL and the refrigeration system in

general has beeg improved significantly by installing a l{quid:helium pump

;;o boost the tidw in the ring transfer line by&pumping liquid from the Ii-
'quiﬁ helium dewér .:jv L B ir_ ‘ A

Most of the eqaipment 603 the plant was deecribed in the last publica—
tion of "Ad\ar:.u1cea<"'2 and Will: ot -be ‘described here.' The major specifica-
tions will be tabulated, however as well as8tatistics. on Operating effri-
ciency and downtime. A description of the satellites ‘and magnet strings

is beyond the ecobe of this report and” can-be’ found inwreference 3
s D ; .

o o :
y i A

»DISCUSSION OF THE&MAIN FLOH'PITHS

- The main crybgenic helium flow paths from the cold- end of the- CHL
cold box are shoﬁn in Fig.- “Table: 1 shows: the prgésure‘ temperature,
and flow at the fmportant points ‘n’ the process stneam. Flease note ' Lhat
all references to pressuréd’ in this’ report are dabsdlute, pressure. The main
output (process.point 1) flow passes through the tube side of a liquid: he-
lium subcooler and on to the ring transfer line (process point 3)}. The
flow to the ring 1is augmented by liquid pumped from the 19000 1 liquid- he—
lium storage dewar. 'Thé’ ‘pump is normdlly running at' a low speed of 72 re-
volutions per minute, which is sufficient to keep the pump cold and ‘add

hTi to the supply capacity of the system. .
ol "J‘: 2w
.. The net flow fo the ring 1s typleally 190 g/s in the steady state.
'The typical, consqm tion of the satellites and magnets is 110 g/s .and the
unised portion retu“ﬁs to the dewar througﬁ“vs. which'is 4 pressure regu».
jlating valve that maintains the returnend bf the transfen line at a pres-

sure of 304 kPa (Prbuels point ). ERAN EERTIE
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Table 1. Typlcal Parameters for Normal Steady S
Process Points Refer to Fig. 1. PR

TR

5 6 T 8

" Process point s B 2 3 4
Pressure kPa .. 385 385 365 304 152 15U~ 1236 142
5.7 5.3 4.7 5.4 5.4, 4.7 300v . A9

Temperature K :
Flow §/s . 280 63 . 190 80 71 65, . 1152 136

b

IR

, The combined floy from the pump and the cold box*fs~3h3 g/s. Part of
this flow goes -Lnto .the §hell,§f5e of the subcooler ithrough the tempera-
_ture regulating valve V4. fThis cooling flow 1is 71 g/s and reduces the -
“temperature of the flow to the ring from 5.5 K to. 4.7 K; which is the low-
est temperature attainable due to the pressure drop in thé return heat ex-
changers {n the cold box. During normal ring operation, the excess capa-
city of the cold box is diverted into the dewar through the pressure regu-
lating valve V3., - The flow through V3 is typically 82 g/s. B

The flow into the dewar from V3 and the ring return more than offsets:
the 1iquid pumped out, and.liquid accumulates in the dewar. In the event
of a heavy ring demand, which occurs after a magnet quench for example,
the line pressure will decrease. Pressure regulation:py valve V3 causes
the full output flow capacity to.go to the ring. At.this time, the dewar
level will decrease. This:actlion occurs automatically and .does not re-

quire operator actlon.

In the event of a major shortage of l1iquid helium for the ring, the
speed of the 1iquid helium pump can be increased to.pump more liquid to
the ring. This can be very useful if the CHL capacity is reduced or the
ring demand is.very heavy. .

the satellite compressors re-
The mass f16w thus returned to:.
onsumed by the satellites. At the

;. : oS SOl
v _-The entire flow. system is closed, and
turn:ambient temperature gas to the CHL.
the CHL is equal to the mass of liquid ¢

present time, about 50% of the return gas flow is added to the compressor
-discharge to fncrease liquid: produgtion. . The remaining 50% varles to con-
trol the suction pressure of the satellite compressors and returns to the

CHL compressor suction or gas storage.

Under the:flow conditions described above, the capacity. of the CHL
cold box 1s 136 g/s. This is 87% of the design capacity of ‘the system and
above the 129 g/s required by the purchase contract. . Part. of the differ-
ence from the design is due to the fact that not all of the gas returning
froﬂéthejsatellitesuis'going-KntOgﬁhg comprgssdr discharge stream, and the
flow is. aboul’ 5% lower than the design flow. If the fluctuations in the
_#etarn warm gas flow, can be reduced, this flow can be added to the flow

;. through the cold box without.causing too. much variation in turbine speeds,

| SYSTEM SPECIFICATIONS® , ...

* The major specifications ofﬂtﬁéﬁhainfcompdnenfs:é?b‘ahdwn in Table
2. ; ' R ’ . . . )
DISCUSSIQN OF OPERATING HISTORY

.. The CHL has a total of 19840 hours of operation, from April 1980 to .

- August 1985. During.a total of 19629 houns of scthh}éafaccelerator op-
~eration the-CHL,hasgsucéessfully“suppl1ed_11qu1d.LQ'tﬁ@ ring for 195071

hours, with a total of 558 hours of unscheduled downtime. Operating. effi-
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wd:‘fgygﬁ,gé._Sysﬁém Specifications (Design Values)

‘,\Main'ﬂeliumf3549?gséoﬁ'

Type of‘ unibj -:_r?m;"-.‘

G

Specifications;

Worthington reciprocating compressor with balanced
and opposed pistons, lubricated double acting cyl-
inders, and carbon filled teflon rings.

Number of units, . 3 . Discharge pressure 1317 kPa
Piston stroke '~ 45.8 em .  Suctlon pressure 107 kPa
Number of c¢ylinders 6 Motor power (design) 1229 kW
Number of stages . . 3 Motor speed 4.616 Hz
Volumetric efficdiency " 85 % Unit flow 539 g/s

Helium Cold Box Specifi

Manufacturer

DR RANREY

Heat ‘exchangers ™

Precooling “
i ‘.

Vacuum system

cations:

Koch Process Systems and Sulzer Bros. Limited.

Vertical aluminum plate fin (Trdne).

0.6 1iters of liquid nitrogen per liter of liguid
hellium produced at a pressure of 142 kPa.

51 cm and 25 om oll diffusion pumps, dual system

Claude with three turbo-expanders

Cycle
Turbineg: == ---- 0il bearings and brakes
Turbine number o 2 3
Inlet temperature K T 45,7 25.7 12.9
Inlet pressure kPa 1165 598 588
Outlet temperature K 37.0° 16 8
Outlet pressure kPa 608 132 139
Speed kHz ~ 1.22 1.27 1
Power extracted KW k2 23.2 9.53
Flow g/s 916 471 hiy
Design efficiency % 82.9 82.1 80.2
Realized efficiency % 66.2 62.5 68
Helium and Nitrogen Storage:
Type of storage  peseripfion Capacity
Gaseous helium 14 carbon ateel tanks at 364 kg each
a pressure of 1723 kPa 5100 kg total
Liquid helium Horizoﬁtal dewar ' 15000 L
42000 L

Liquid nitrogen

Horizontal dewar

_Horizontal dewar

Vertical dewar
Horizontal dewar
Horizontal dewar:

63000 L total

53000 -

L
49000 L
76000 L

L
L

76000

254000 total




uled operating time.
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clency is defined as the ratio of successful operating time to the ached-

efficiency of the CHL 1s 97%.

With this definition, the lifetime operating effi-

The reliabllity of the .plant and the performance of. ;he whole eryo-
genic system have been greatly improved by having a third ‘Gperational main

helium compressor and a reliable liquid helium pump.

In the event of a

cold, box or compressor trip, the liquid helium pump can maintain suffi-
cient flow to the ring while the third compressor is put on line or the
Furthermore, the continuous operation of the pump has

resulted in more stable refrigeration and a larger peak demand capaclity

cold box restarted.

being supplied to the ring.

recovery from ring magnet quenﬁhes. . —
[ }f

This results in fewer ring trips and quicker

‘Tables 3 and 4 present the data on the operating. history and the ef-
fect of the individual failures in the last two years."“”

3. Operating Efficiency Per Calendar Year

Table
;.Uéscheduled ddwntime Operating efficlency

Year Operating hours . . {hours) '(percqnplnﬁ
1981 661 13 | 98
1982 2359 19.5 99
1983 6821 294 . 96 .
1984 5006 b4.5 99
1985 k782 167 96.5

(through 7-31 85)

Table 4, Major Causes of Downtimé’ °

Hours downtime

Total of

Date Description of Failure.
7-17-83  Dust in Turbine 1 inlet filter Y £
8~23 .: Down to blow dust out of heat exchangers =~ 200
: Total of short downtimes 2
1-21-84 Replacement of B compressor motor bearing 14,5
6-13 Water buildup "in turbine 1 inlet filter - 11.5
6-18 Water buildup in turbine 1 inlet filter ., = 16
73 Water buildup in turbine 1 inlet filter =~ “° 7
T-12 Water buildup in turbine 1 inlet filter 5
' Total of short downtimes ' - 11
1-25-85  Kir contamination, source.unknown 42 -
3-25 Cold end of plant plugged with air 56
y-15 Large water leak in compressor B 50
-6-19 .Compressor A field transformer failure 0
(Ring on pump)
7-9 €old box off 2.5 hours due to instrument failure 0
. (Ring on pump) {
T-24 Cold box off 1 hour due to operator error _
- (Ring on pump) _
short downtimes i0
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"REVIEW OF quonwn OBLEMS
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“ Aéiééﬁfbém {rifrequent component failure, most of the unscheduled down

;imé‘haé"pégn due to contamination. Essentially all of the serlous prob-

‘lems were &aused by dust, water, and nitrogen. The following sections

discuss each of the three major contaminants:

‘Partioulate Contamination in Turbine 1 Inlet Filter

S T W

Buildﬁﬁ“o?’duét i turbine 1 inletlfilter has been a problem after a
running périod’efitypically’ three months. . To clean the filter, which is

inside the 1hsulating vacuum, requires warming the cold box to room temp-

erature. The turnaround time for the rilter replacemént is three days.

During the:summer shutdown of 1984, a dual external filter was ins-
talled upstream ©f the original filter. The original filter has a mesh of
' 25 microns, ‘aftid the new external filter has a mesh of 20 microns. The new
filter has been working well during the current run. It has been rémoved
and observed to collect both dust and water. The source of the dust,
which is mostly aluminum oxide, is the brazing pracess used in the manu-
facture of the aluminum plate fin heat exchangers.- There has been no lost
time associated With turbine 1 inlet filter .since the installation of the

- external’ filtery .
Pt

Water Contaﬁfﬁ&ﬁion

began to affect operations.during the 1983 and

It appeared as a significant factor in'the rise in
_inlet filter. At the end of the 1984 run,
‘compressor by tuning the ar¢ cell nitrogen
detector to a water wavelength, 309 nm. A contamination of 30 parts per
billion was measured at the inlet to the cold box by using a concentrated
sample method; ‘and-B compressor had 0.7 parts per million, with most of
the water befng'trapped. by the charcoal: adsorber in the oil removal sys-
tem. The amount of water observed was consistent with the sloﬂ;presgure

rise in the=tﬁrb1nee inlet filter.

Water contamination
1984 operating periods.
the pressure’drop In turbine 1
the source was identified as B

_ Leakage Of water {nto the helium can occur at several places in the
compressors. ~Oné-weak point is the penetration of the lubricator lines,
some of which occur inside the cylinder water cooling jackets. It 1s also
possible for the cyllinder head gaskets to leak water into the system,
although no instance of such leakage has been observed.

In April, 1985, a large leak opened in B compressor and the water
contamination at the cold box inlet rose to 50 parts per million and
plugged the cold box. “One week was required to dry the cold box, com-
pressors, and charcoal adsorber. The leak was easlly pinpointed at a
first stage oil¥'quill in B compressor, and it was repaired. )

In ordér to ‘guard against water plugging in the future, one of the
arc cell detectors is presently dedlcated to monitoring water in the flow
to the cold box. In addition, the oil quills will be reworked during the
next shutdown. ‘The new system:will provide separate seals for water and
01l with a 'vented’region between the two seals. With this system, elther

water or ofl lédkage will readily be observed.
Nitrogen Contarifndt{on co T
' T T -y . o FRC

R

h nitrogen contam1nation idt§hfeﬁgs,with operations

The extent to whic 4 }
ting history of the sys~

has been decreasing steadily throughout the opera
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This ia due to the improvement of monitoring: equipment and :operating

tem.
Another factor is that the CHL is presently

techniques and procedures.

”"_.able‘to satisfy the refrigeration requirements withithe satellite dry ex-

gas system i3 typically less than 0.5 parts pe

‘through turbine 2 with the inlet valve. This valve

_ produced very st
" clency’slightlyl” Coont e .

withenbegpced:flow,and the way ‘in which the flow!is: _
‘from the JT valve. This flow 1s at” an absolute.pressune of 385 kPa in-

"“Efdufd;ﬂéiiuﬁ Pump’

.., .vhen opening. The
.sedts and brass valve guldes were'made. . . . iy

In general; the levelpof.nitrogen in the

panders off nearly all the time. ILEOBRN. 4
r million., This level, does

ot
RS

not significantly affect operations. E

* The remalning probléms are associated with humangepror in gealjpg
with plant trips, purifier and drier regeneration, and Hdintenancé and re-

_'pairs'in the satellites and magnets. These problems:.are-unpredictable,
but, they are expected to diminish as experience and:precedures lmprove.

‘Furthermdre, the reduction of the amount of nitrogen-accumulating in the

system reduces the effect during upsets. &> . o arogy o7

Tfj ‘ Inﬂthé'eyent that it is necessary to remove nitrogen from the CHL
. cold bgi; the CHL can be warmed to a temperature.of 90 Ky-.cleaned up, and
‘returnéd to full production fn 12 hours.

urn : odt It can also- bake up to, six hours
to clean each contaminated g4s storage’ tank using the.seal:gas purifier.
e L [ . . L e ST ]

Turbine Instabilities i e wTaee. s

Turbine “instabilities ‘have appeared during normal :operations in tur=
bines 2 and 3. The instabilities occur when one of the ftwa parallel tur-
bines does not have enough flow and consequently becomes too cold. At-
tempts were made to correct the instabilities by restrnicting the flow

. 2 ‘d6es not have suffi-~

clently fine“cdntrél to attain a'dorrect flow.split,.. The.current solution

i3 tb reduce the speed of turbine 3 from'1 kHz to 0.917 kHz. This has

.5duced very stable turbine operation, but it has reduged turbine 3 effi-

SR R

""As can be seen in Table 2:"the typical turblne .efficlencies are lower

";gh;p:tgeidegignmvaluesi This is not fully understoodat:the present time,
but’ séveral factors are present which will reduce turbine efficlencies.

£

" The total helium flow'in the cold box {s about 5% below .the design flow as

explained above. Actual operating temperatures of:the.turbines are 1 K to

3. K lower than the design values. These lower temperatures are caused by
delivered to the ring

stead of the plant design value™®f 142 kPa. .. -

DESCRIPTION OF NEW SYSTEMS e s e

4 P
. IR

. *'Tﬁ§f11Qu1d”heliuﬁ pump currently operating in the CHL system is an
early model of a satellite eXpander that has been converted to a single

acting pump. A crank méchantsm manufactured by CVI .Incorporated is used
to drive a vertical shaft that is sealed by a teflon bellows. The stain-

“f'less'steel pump piston has ‘four carbon filled teflon compression rings.
.This piston runs in a stainless steel.cyllnder.. ... .

' Déveloﬁmeﬁ; and tésting were done. in 1983 andﬁjgéh.as CHL_QBérations

'perhitted. During the development period, a vacuum ; insulated return to

the CHL cold box from the pump dewar.iwas installed,-.and thermal strati-
fiers were added to the pump dewar and the space above the piston. In ad-
dition, the valve block was redesigned so that the stainless ateel valve-
stems are trapped inside the block and do not protrude., into, the cylinder
The valve sizes were inqreased."éﬁa“ﬁéﬁ“stainless_steel

S



Fermilab-Conf-85-420-AD

‘.‘;Tgb}@wﬁyg;ﬁéngHe specifications for the latest version of the pump
an@,@,kf@igéq;é@qghﬁ‘ofﬂdata*on;pump’perroﬁmancektaken while using the
ppgg'és{ﬁhgiéé}ensnglyﬁbf‘lihuidﬁhelium'to the ringefrem the CHL. At .
- this_time, there was no current in thé miagnets; and the ming-was and.in
full satellité modeé with dry expandérs off in the satellite refrigerators.
Volumetric and adiabatic efficiencies are defined in-standard fashion.”
_ﬁ-;'IhefhlgnjV§iumetrIc efficiency at low speeds indicates that the com~
pression rings and. valves &ié°sealing well. =The decrease of efficiency. at
higher speeds indlcates that the stratifiers in-the space above the.piston
are ineffective and heat is-being added to the pump by gas turbulence in
this region. Since the net positive suction pressureis very small, there
_will be a decrease’ in'efficiency at higher speeds caused by pressure drop
in the suctignyalve‘ o o L e e
Further development will be undertaken:during the.coming. construction
period. A spare pump is being constructed which has a light, thermally
| h;nsulating'exfeﬁQIOn to the piston which will" displace-the cold gas above
. the piston and reduce the turbulence. A new dewar. is being designed for
the spare pump which Will incorporate a small subcooler: -in the pump sucr
tion line. This Will incredse the net positive: suction head. These two

tmprovements should improve the pump efficiencies and decrease the heat

TTEL

1oad-9n £hefh§$§§@;intrqdhdéd_by the pump. - - | '~
_____ B

Iﬁproveﬁeﬁts;ihfbontrol Systéms

. A complete Tevatron control console with a link to the accelerator
controls netﬁ@rkﬁﬁACNET) has been installed in the CHL control reom. In
: addition,'ACQEI,pEchsses many of the important parameters at the CHL,.
With these additions, it 1s possible for CHL operatdrs-bo‘@bserve,710gpda—
ta, and plot trends’ in many of ‘the ring dnd CHL:parameters. . A golor ‘
printer has been added which is used to make hard coples of interesting
plots and data generated by the ACNET system.

The third main helium@compressor (C céﬁpréééor), which became opera-
tional in May 1984, was used to test the plarned upgrade in control sys-
tems at the CHL. The new system is based on -a Texas Instruments PMS50

.process controller.

H

Table 5. Liquid Helium Pump Specifications and Performance Data

§

Pump Specifications:

Bore " 10.16 cm Suction valve diameter 2.54 cm
Stroke 6.35 cm Discharge valve diameter 2.22 ¢m
Maximum speed 5.42 "Hz -Net positive suction-head 15 com
Pump Performance:
Run o 1 2 3. 4
Speed Hz - 1,93 2.22 2.53 2.92
Inlet temperature K 4,75 4,78 4,78 .75
~ Qutlet temperature K 5.32 5.34 5.48 5.43
. Inlet pressure kPa =~ 7 . © 160 ~164 164 160
.~ Qutlet pressure kKB& 7 . " . 346 v 357 361 361
~Flow g/8 b+ e o 99 111 112 129
Volumetric efficlency . .89 . ..88 A 7
L6 T .50 .38 .hko

Adiabatic efficiency
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“"" This systed will replace.the existing control gystem which is cur-
rently Operatfng compressors:A . and By the cold. box, and tﬁe cryogénio dis-
tributioh. “Theréxistiing system® uses a. Texas Inatrgments T? 00 micrdf
pnocessor to-éofitrol ladder :logic functions, Fiahe; modular ‘8811 stife -
féiréuits 'té control process,loops, and; assorted equLpant ¢0n3t?ﬁ0te?e§§

Je

Fermildb“to cope with-analog data. ... . LT B L bane ey

y The PM550 -8ystem: in:.operation on C compressor has begn reliable and

j effective. ‘and there hasubéen no-downtime.agseeiated. with it” uring 2000
" hours' of opéfatien. Itvhas proyision for a link to. ACNET which will®re-
silt 1n‘more complete.use ofithe mone powerful ACNET egsteg r:anal?91§
and monitoring of CHL funectionss~: The PM550 has analogﬂinput and output
capacfty and contains mehu.driven progess- 409p control grograms. Te ﬁer-
forms various scaling. conversions to engineering units, and, special cal—
eulations. Data alarms, and status messages generated by the ‘PM550 are
displayed on a dedrbatpd‘coior video screen. - G.lﬁhﬁ, _ .

v Fdeo programmlng unit“ the Texas Instruments VPU20 +. 18 used to

Write ‘and -load’ programs:-into-the PM550. The. programming qnit is also used
to’ transfer -programsiter.and firom floppy dises, generate menu driven qOop"
mentation. and - ¢bserve the‘sbatus of -the active program oh line. 'hf’

SO et * P |
The PM550 system will be 1mp1emented for A and B qomp essoye during
the coming shutdown. The cold box and cryogenlc systems W{ll 4148 te con-
verted to PM550 control during the same time . interval, subJect to budget-
ary uncertainties. The proposed scheme is flIUStratenﬂin-Figx -5
- S atg
Operator Interface to the PMSSO is by external switches attached to
. digital fnput- -modutes.and by the loop acces module (LKM)qand the timer-
“océunter ‘dccéds ‘module - (TCAM), which are. touch panel moduies " An addition—
al featdre to bhe ‘new installations is. the use of the cqntrol vision unit,

' - it : o Lo WO B

Y ot i e
- . EEA RTINS

S h {E:'m sooo | . |léw s0007|,"" | cw s000
ACNET ( ) ' O
LAM:
TCAM _ .
eeoe DISPLAY N |
SCREEN 9 .

10 |

© R f)‘[ Jr’:,‘,“ ,‘.}‘!" t
LT T )

PM 550 PM 550 PM 550 PM 550 FM 550

RN 22 T . :- :

N - CRYOGENIC

\\\/// \\\/// \\\/// COLD BOX 4 |iprsTRIBUTION
| COMPRESSORS § NPT

Fig. 2. Block Diagram of Proposed New Control System
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the Texas Instruments CVU 2000, which provides display pages of loops, pa-

rameters, and alarms, generates graphic displays, and provides versatile

operator control.
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