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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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HELIUM REFRIGERATCR FACILITY g |z P02
heur, or combination thereof. The major items will be the cold box, - 2 Tw 5 G)g
expanders, and a building enclosure ([~ 30" x 30°) with appropriate g E ‘5“55 1 __?T('
Introduction support pads and hoist equipment. The cold box, 8 ft dia. x 12 ft high, 3:> 3 o a ~ Z;
T with high-vacuum insulation, will contzin the heat exchangers and ex- gg 2 <
An experimental plant facility is proposed in prder to conduct investi- penders. Controls and instrumentation will be sufficient for manual =z :;1 '1r1 E
gations pertaining te the development and testing of refrigeration systems operation, d;' r“ 2
for present and future cryogenic programs. The basic facility will permit ) {2 ° :‘J 5
experimentation in the area of advanced helium compressors. The screw The size of the refrigerator plant is selected to realistically model S; E o T
compressor appears to have numerous advantages for use in relatively large future .projects. while multiple units of this size are required for- 3 ;z .
helium refrigerator/iiquefier systems, and a2 development program is systems such as PEP I and the NAL eneray doubler, the present ESCAR -n p ‘;) §
proposed to realize these potential advantages. project at LBL is well matched for a single 1500 watt unit. As ESCAR is ?; h o
a development to build end test the world's first complete superconducting = i
This project wiil have significant bearing on cryogenic accelerator pro- accelerztor system, it will provide the most appropriate end comprehensive ;: é
jects at this Laboratory as well as others, Examples include: PIP 11 tests of the proposed cryogenic facility with full-scale operating require- [< Z'<
{SLAC-LBL), ISAEELLE (84L), and the energy doubler (MAL). Apart from ments. ‘ (:) ]
accelerator projects, other programs with projected cryogenic utilization _42
m2y 2lso benefit, Cxarples include electric power transmicsion and CTR The cold box meeting the technical requirements of the proposed system -
programs. is available from sevéra] manufacturers, will form the basic facility, r11 §
. ard vill be capitalized with plant funds., The evolution of the compressor z
The experimental results obtained from this development will nrovide clear svesten may involve the trial, development, and testing of a number of >
specifications for refrigeration systems that can be used in future pro- urits as described below. This develop~ent will be supported by oper-
jects with a high degree of reliability. In addition, it is believed that ating funds. - “
the proposed experimental system, if successful, should recult ‘n con- 8 C: E
siderable cost savings for future projects; this includes both capital and Justification of Need g E;
operating-raintenence costs. Prototype operstionzl systems will be tested A significant improvement in the state-cf-the-art of liguid-helium refri- o
and evaluatea under realistic conditions providing liquid helium to ESCAR gerator systems is required for future crvogenic accelerator systems. 5
(Experimental Superconducting Accelerator Ring) and a variety of cther This development is imoortant for future projects such as PEP 11, which —
leboratory programs requiring cryogenics. Thus, in addition to the would utilize six or rmore systems of the size proposed here. Programs ., 3 i
longer range projected benefits, the system can be tested and utilized with at other lzboratories also project similer systems. Moreover, a meeting <, ;335 Z:j
irmediate laboratory programs. was held 2t LBL on May 21-23, 1974, tc ciscuss the needs of the AEC's < [t N
national laboratories for helium refrigsrator systems in the proposed sizc S % >
Cryogenic Facility rarge.  Representatives from BHL, LASL, 0:b Bidge, KBS, HEPL, 2nd EPRI ’
The proposed facility will consist of a heliun refrigerator/liquefier of attended this meeting. :;
approvirately 1500 watts capacity at 4.2°K or 400 liters liquid helium/ I:
o 2
S om
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Systens of greater reliability than those presently available are increasing for the development of an incxpensive, reliable, compact (even Y m
required. Increased rehabihty will result in considerable improve- semi-portable) compressor system. e 2 m,‘?
ment in machine operations, as well as savings in operational costs which S E'i
are essential in the realization of programmatic goals. Therefore, the With the standard reciprocating coapressor, the designer has two choices-- o <
izboratory is undertaking 3 development program to advance the state-of- lubricated or non-lubed. The lubed system can be operated for long m -
the-art significantly in erder to have the necessary advanced techrology periods betwcer maintemance, but it requires an absolute oil-removal sys- m§
for future high-energy physics propesals. ten. Also, the oil-injection must be carefully ecjusted for the proper o m g’
' balance betwcen rapid ring wear and fiooding the clean-up system. For the ? —
Compressor Development Program non-lubed case, one can select filled Teflon (fluorcarbon) seal riags with ; 2 .
Summary. It is proposed to develop a screw compressor system to supp‘ly the their frequent mzintenance pericds or labyrinth seals with their high- - O S
refrigerator cold box with gaseous helium, The compressor system must - lcakage rates. - ] ;<:
supply the refrigerator with 190-200 g/s of pure helium gas at a pressure X
of about 18 bar. This requires 750-800 HP compressors. Potary-type compressors have the petential for compactness, simplicity. z :_2'
and high reliability, mirima) vibration and relatively low cost. 1In the o
Although conventional reciprocating compressors are available in this size rotary group, centrifugal compressors are unique because thoy create O -
range, they are massive 2nd bulky, and their reliability leaves much to pressure by velocity increase.  They are not positive displacement, and _'r‘;_-’
be desired. 1n the last few years, a new iine of rotary compressors herce subject to much slippege. This is their primary disadvantage, m g.,.
has been developed, which are much smaller and potentially more reliable. especially in the cryogenic anplication. Centrifucal machines cer offe- E)
These compressors are positive cisplacement dual-screw compressors. While the advantages of oil-free ges 2nd no wearing parts in the process siream, >
screw compressors are available from some vendors, they have not been used but lor low-density cases they l'tqllil."_’ many stages to reach the higher '
for helium, as dry helium for crycgenic refrigeration is a particulerly pressures, and very high-tip speeds, vith higMy stressed and precision-
difficult gas to pump. Screw compressors offer a number of advantages - balanced rotors. 3 2
over their more conventional counterparts, and initial cost estimates are g 2 -
quite favorable. : In the rotary positive-displacenent con:pressor graup, various types are 'g’ G_‘a
aveilable: rotary screw, lobe or Roots-type, water-ring and stlicing o
Background. Historically, the standard laboratory, intermediate or large vane. AIl of these machines have similar perfmvznce curves to those of
size cryogenic refrigerator/liguefier has been assembled with recipro- reciprocating campressors: fixed capacity with variable back pressure.
cating, positive-displacement compressors. The reciprocating compressor The water-ring if.o1§tes the process gas from the rotating metal parts and - ‘_2‘ ) 5
has many disadvantanes, especially in the areas of capital, installation, provides excellent cooling but introduces other problems with water vapor =" a zl
and operation costs &s well as complexity. The large size required by remeval and potentizl heating malfunction, The cliding vane type reguires < - "
aultiple cylinder Yayouts, the high shaking loads and the difficultics 0il lubrication ard has high-wcar parts in the pracess strean. The lobe S w
in lubrication, oil remsval end wear rates create particular preblens for or Roots and the rotery screw type seem the best of the group hecansc they q
many special cryogenic epnlications, Mow with the incipient growth and car. deliver cil-free gas 2nd have no wear parts in the stream. The design :S
applicaticn of superconducting devices in many arcaes, incentives ere gives them a threugh-pul cepacity ruch Yarger then reciprocating units with- E o
out pulseétinn prehiens, o X
TR
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Advantages of the Rotary-Screw Compressor. The rotary-screw compressor

is the most attractive system for development because of the following
advantages:

1. High Efficiency: The efficiency characteristics curve is relatively
flat with excellent operation over a wide range of conditions. The
efficiency does not decrease with time because there are no wearing
parts to reduce the through-put. '

2. Mechanically simple - High reliability: Few working parts result in

8 design for long,continuous operation. The screws are very rugged,
lightly stressed ard insensitive to shocks and overload.

3. Low mzintenance: Elimination of wearing parts such as valves, rings,
cylinders and liners extends life and minimizes maintenance costs.

4. Qil-free delivery: The machine has the potential for oil-free gas

delivery; however, for helium, this will depend on the resulis of the
development program.

5. Compact, Yight weight: The small size and low weight result in

reduced building and foundaticn costs. Skid mounting is feasible for
flexibility.
AbSﬁn(&
6. Minimum vibration: -Feeec of unbalanced forcesi and high amplitude

grcV§ncf$

vibration eliminates the reed for heavy foundations, and
damagsdsurrounding piping and instruments. -

7. Steble periormance: Positive displacement 2llows the unit to

operate over & wicde range in compression ratio, speed and gas density
with stable discharge and without the pulsation of reciprocating
units or the surge of centrifugals., This stability permits easy

operation with other compressors in parallel or series.

8. Drive fleribility: Adaptable to high-spced electric motors, gas
or dirsel engines, gas or steam turhines. Direct drive and vari-speed
(]

Experimental Proaram.
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{Continued)

is possible. Tie adaptability over a wide range of speed and
performance makes the machine especially desirable for a development
and research study in an expanding technology.

Cost Savings: Relative to reciprocating units (1507 watt size-range),
capital cost reductions of ~ $150,000/unit are estimeted. As 10 to

25 units are projected for various projects in the next few years,
this can amount to $1.5 - 4 miliion in capita) cost alone. With mini-
mization of wear and optimized reliebility, operating and maintenance
cost savings can easily eppreach or exceed the above capital cost
savings. Also, the flexibility of a semi-pcrtatle skid-mounted com-
pressor pernits minimal recundancy ancd standby units for widely sepa-
rated cryogenic stations.

The steps in the experimental rrngram develemnent

are outlined below:

1.

(3]

Manufacturer an? Trade Survey, Discussion and study with rotary screw

compressor vendors and users, The screw cermpressor is a2 rather recent
(10 years) development and has not been developed for helium systems
of the size required here.

Compressor fesicn Study. The gases used for low-temperature work--hydro-

gen and helium--create problems because of their low density (high
leakage, slippagz, low 0i) entrairn-2nt for lubriceticn) and kigh specific
keat ratios. This reans that for helium, if the comoression ratio is

too high, the heating can be severe and adequate ceeling must be
provided. A design balance rust be reached between romber of stage

and balanced cooling of components, A number of varietions will be
considered,

FPurchase of First Fedel for Meliws Conversion,  This will be o full-

scale unit, Yar,. cnovgh for 1500 vwatts refrigeration at 2% (or

2%
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Advantages of the Rotary-Screw Compressor. The rotary-screw compressor

is the most attractive system for development because of the following
advantages:

1. Hioh Efficiency: The efficiency characteristics curve is relatively
The
efficiency does not decrease with time because there are no wearing

flat with excellent operation over a wide range of conditions.

parts to reduce the through-put,

2. ¥Mechanically simple - High reliability: Few working parts resylt in

a design for long,continuous operation. The screws are very rugged,

lightly stressed and insensitive to shocks and cverload.

3. Llow mzintenance: Elimination of wearing parts such as valves, rings,
cylinders and liners extends life and minimizes maintenance costs.

4, Qil-free delivery: The machine has the potential for oil-free gas

delivery; however, for helium, this will depend on the resulis of the
development program,

5. Compact, light weight: The small size and low weight result in

reduced building and foundation costs.
flexibility.

Skid mounting is feasible for

AbSCACEL
+ree of unbalanced forces* and high amplitude

N
vibration eliminates the need for heavy foundations, and dogifha
damagsﬁsurrounding piping and instruments.-

6. Minimum vibration:

S

7. Steble periormance: Positive displacement 21lows the unit to

operate over a wice range in compression retio, speed and gas dersity
with stable discharge and without the pulsation of reciprocating
units or the surge of centrifugals. This stability permits easy

operation with other compressors in parallel or series.

8. DOrive fYexibility: Adaptable to high-spced electiric motors, gas
er diesel engines, Gas or steam turbines,
)

Direct drive and vari-speed

8.

Experimental Program.
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is possible,
performance makes the machine espacially desirable for a development

The adaptability over a wide range of speced and
and research study in an expanding technology.
Relative to reciprocating units (1507 watt size-range),

As 1D to
25 units are projected for various projects in the next few years,

Cost Savings:
capitail cost reductions of ~ $150,000/unit are estimeted.
this can amount to $1.5 - 4 million in capital cost alone. With mini-
mization of wear and optimized reliability, operating and maintenance
cost savings can easily appreach or exceed the above capital cost
savings. Also, the flexibility of a semi-pertatle skid-mounted com-
pressor permits minimal redundancy and standby units for widely sepa-
rated cryogenic stations.

The steps in the experimental rrogram develerinent

are ocutlined below:

1.

w

Manufacturer an? Trace Survey, Discussion and study with rotary screw

compressor vennovs andg users. The screw cempressor is a rather recent
(10 years) developrment end has not been developed for helium systems
of the size required here.

Compressor Desicn Study. The gases used for low-temperature work--hydro-

gen and fielium--create problems because of their Tow density (high
Teakage, slipreg2, low oi) entrain-ont for lubricaticon) and high specific
teat ratios. This reans that for helium, if the compression ratio is
too high, the heating can be severe end adequate ceoling must be
provided, A Jesign balance must be reached between rumher of stage
and balanced cooling of cospgtents, A number of varietions will be
considered,

furchase of First tedel for Melios

- Conversion.  This will te a full-

scale unit, 1ar53 tough for 1800 watts refrigeration at éoﬁ {or
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(Continued)

~

dependent on system and redundancy design purchase of 50% compres-
sor capacity). Whereas some preliminary work could be done with
small models, anything less than a full-scale final test of the
complete system could only furnish incomplete informaticn subjeét to
challenge. Subsequent units may be required,depénding on the experi-
mental results, '

0il/Coolant System Development. Some industrial technigques are
available, but overall systea will require design, assembly, testing
and evaluation. One technique, used for small commercial units,
injects cooled oil directly into the process stream, cools it, removes
it completely downstream, and returns it to the closed cycle. This
technique permits a closer approach to isothermal compression and
provides full ring and cylinder Jubrication. ldeally, it would be
best to eiiminaie 0il completely from the procoss stream; but if

that is not possible, then a satisfactory clean-up system must be .
developed, VYarious techriques will be investigated.

Test Stand Development: Operation on closed-loop system with full
fiow ard load (and cverloads). OCperation without process stream

0il or other fluid (kerosene, HZO) contaminant if possible. Depends
greatly on gas slippage, number of stages, and heating.

Incorporation of Compressor Operation with Helium Pefrigeration and

Loads.  This would involve operation of the complete system,
compressor(s), refrigerator and loads (e.g., ESCAR) and would

constitute a final examination and proof of the system, Unattended,
continuous operation of something like 6000-8000 hours will be the

cbjective.

suufg a/uaa.xgw

Page ¢8
Schedule & Costs
A project schedule for the development is as follows:
FY 1975 FY 1976 FY 1977

1. Component Survey
2. Design Study N
3. JYest Model Purchase
4. 0il System Development
5. Test Stand Development
6. Refirgerator System ey

Operations

Estimates for the capital and developments costs are shown in Table !
and 11. Operationzl costs for Test Stend Cevelopment and refrigeraticn
system operations'of course depend on the suc&éss of various stages of
the initial development program,end the best estimates for FY 76 and FY 77

are provided.
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TABLE 1
CAPITAL (COST ESTIMATE -

Item

1. Cold box: outside febrication,
1500 watts € 4.2°K, includes
engineering, heat exchangers,
expanders, vacuum insulation,

instrusentatlion . . . . . L. L L . 0 e e e . ..

2. Duilding:" Steel frame,
approx. 30 ft x 30 ft x 16 ft high,
includes compressor pads and
sprinkler system

3. Installation*
Includes eler. power feed end lights;
water, helium, air piping;

millwright labor and hoist equiprent . . . . . ..

TOTAL GENERAL PLANT . . . . . . .

including engineering and contingency.

K$

Page #9

375 -

30

75

Q)

TABLE 11
DEVELOPMERT COST ESTIMATE

FY 75

Compressor(s)

750/800 HP, 2200/2400 CFM, 15/20 atm.

includes motor, etc. . . . . . . .. .. c e e e

0i1 system and development . . . . . . . .. e
TOTAL, . . ..

FY 76

0i1 System and Test Stand Development . . . . . .

System Operations . .. . . . ...

L S A R

FY 77
System Operations

85

70

165

140

100

120

Page #10
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Alternate Possibilities

There is no existing cormercial compressor package with the required
reliability suitable for helium cryogenic refrigerators in the 500-1000
H.P. range. A contract for commercial development of such a unit
would require several hundred thousand dollars in additional funds over
the costs outlined above.

Hazard Protection Measures

This project, like all Laboratory construction, will be designed, engi-
neered, and built in confcrmance with the requirements of the all-appli-
cable codes, including the Uniform Building Code, the National Electrical
Code, the National b\umbing Code, the State Industrial Szfety Ordefs. and
the regulations of the State Fire Marshal. The plans will be reviewed
by the University Office of Environmental Health and Safety .

The Laboratory Safety Gffice will insure that adequate szfety standards

_ are maintained in the course of construction. This responsibility in-

cludes such functions es checking scaffolding, determining the need for
fire watchers during welding and burning cperations, furnishing fire

Al
protcction as needed, end checking the project site for hazards.

A grelimirary survey of cperationa1'safety considerations has been made

by tho appropriate LBL safety personnel, es recuired by AEC Appendix 6101,

The foliowing evaluations reflect the current state of knowledge and’
planring relating to operational safety. Further study end developments
will contribute to the safe design and cperation of this facility.

There are no associeted radiation hazards.

2, fire_
A fire-detection and sprinkler system will be installed. Fire cal}
boxes are alrcady lccated near the site and provide fu1) reporting

Page #12

(Continued)

coverage. The danger of electrical fire is minimé1. Flammable gas
hazards will not be present. Design in strict accord with applicable
AEC, National and State Safety and Building Codes will neutralize

possible hazards.

taboratory fire protection facilities are well developed and equipped
to handle most fires and evergencies. The Berkeley Fire Department
and the Oakland Fire Department are also on call.

Pollution

No solid, liquid or air pcllutants will be generated by this operation.
The drain from the support ground floor will be manifolded to a
separatér-retention tank to control the cisposal of waste ¢il or

other liquids in case of an inadvertent spill.

Other Features

a. Safety latches on cranc hcoks and Timit stops on crane rails, plus
other standard crane safety features, will be provided.

b. Emergency lighting, in 2ddition to adequate area lighting, will
be provided.

c. Pdequate vehicle passace will be provided around the facility.
Control of traffic flow will minimize vehicular hazards.
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This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.
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