
L Bl 0·-2;2~c...\ 
UC-3f 

ITtl Lawrence Berkeley Laboratory 
lli;l UNIVERSITY OF CALIFORNIA 

Engineering & Technical 
Services Division 

RECEIVED 
. _ LAWRENCE -

SERI'(ELEY LABOr'?JP"'rq~ 

J/UL 217980 

For Reference 

Not to be taken from this ~oom 

~----_.--~-~ 

I 
I 
• 
I 

--



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. 



.... 
"' 0 
0 . 
"' . 
"' "' 0 

:0 .. 
< 

"' "' 

.• 

--------··--·-·· 

July 10, 1974 

H[LIV~ REFRIGEPATC~ FACILITY 

Introduction 

An experinental plant facility is proposed in order to conduct investi­

gations pertaining tc the development and testing of refrigeration systl!!"s 

for present and fu:ure cryogenic programs. The basic fac11 ity w i 11 penn it 

experi1:1ent<~tion in the area of advanced helium compressors. The scre..­
c~pressor appears to have numerous advantages for use in rf1atively large 

helium refrigerator/liquefier systems, and a development program is 

proposed to realize these potential advantages. 

This project wi11 have significant bearing on cryogenic acc~lerator pro­

jects at this Laboratory as well as others. Examples indude: P:OP II 

(SLAC-LBL), ISAEELLE (S'jl), and the energy doubler (Ml). r.p~rt fron• 

accelerator projects, other programs with projected cryogenic utilization 

m~y al~~ ~en~fit. ~Y.ilr?les include electrir. powrr trans~i~~;c~ ~nd CTR 

prograr.1s. 

The experimental results o!>talned fron this development will provide ·clear 

specifications for refrigeration systems that can be used in future pro­

jects with a high degree of reliability. In addition, it is believed that 

the proposed experimental system, if successful, should recul~ 1n con·· 

siderable cost savings for future projects; this includes !•olh capital a~d 

operat i n')-rca i ntenance costs. Prototype operation a 1 sys terr.s wi 11 b~ tested 

an1 evaluatPO un1er realistic conditions provid;ng liquid heliu~ to ESCAR 
(Experimental Superconducting Accelerator Ring) and a variety of ct~er 
laboratory programs r~quiring cryogenics. Thu~. in addition to the 

longer range projrcted benefits, the system can be tested and utili7ed with 

innediate laboratory program~. 

0'./on<:>r.ic Facil..!_!t. 

The propospd facility will consist of a t.~:liun refrigerdtor/liqucficr of 

approximately lSOJ watts ca~acity at 4.2°K or 400 liters liquid helium/ 
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hrur, or combination thereof. The ~~j~~ items will be the cold box, 

e~pand~rs, and a building enclosure~- 30' x 30') with appropriate 

support pads and hoist equipment. The cold box, 8 ft dia. x 12 ft high, 

with high-vacuum insulation, will cont~in the heat exchangers and ex­

p~nders. Controls and instrumentation ..-ill be sufficient fer manual 

operation. 

The size of the refrigerator plant is selected to realistically model 
future projects. l.'hile multiple units of this size are required for. 

syste~s 'such as PEP II and the NAL energy doubler, the present ESCAR 

project at LBL is well ~atched for a si":;le 1500 watt unit. As ESCAR is 
a develop:nent to build and test the world's first co,plete superconducting 

accelerator system, it will provide the most appropri~te and comprehensive 

tests of the proposed cryogenic facility •lith full-scale op~rating require­

rr.~nts. 

The cold box meeting the technical req~ire,ents of the pt·oposed systel'l 

is available from several manufacturers, ;;ill fen:: the basic facility, 

ard 1;ill be capitaliz~d ~;ith plant f.:n·~s. The evolution of the co:"'pressor 

S-''~t~.n may involve the trial, developr.c-,t, and testins of a number of 

ur.its as described b~low. This develo;-~r.t will be supported by oper­
ating funds. 

~ustifjcation of Need 

A sigr.ificant improv~ent in the stat~-cf-th~-art of liqtlic1-heliu"J refri­
gerator systems is required for future c•yogenic acceleratcr systems. 
This development is ;.,~ortant for future p~ojects suc't as rEr II, which 

would utilize six or r.ore systems of~~~ size propose~ here. Programs 
at othe·· laboratori('S a1~o project sir:1il~r systerr·~·- ~:arcover, a meeting 

was h~:d at LBL on May 21-23, 1974, to ~isc·Jss t~e n~cds of the ~EC's 
n.:tior.;,1 laboratories for hrl ium refrir,~ra~or· systems ir: the pro;,osed size 

riH•~I'2. Reprc~er~tativf·S frc::·1 Bril, lt<~L, r.:;l. Pid0C', NES, HrPL, znd fPP.! 

attt:n~f:'c; :his raertin;. 
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Systems of greater reliability than those presently available are 

required. Increased reliability will result in considerable improve­

ment in machine operatior.s, as ~ell as savings in operational costs which· 

are essential in the realization of programmatic goals. Therefore, the· 

iaboratory is undertaking a developo1ent progr.am to advance the state-of­

the-art significantly in crder to have the necessary advanced techr.olrgy 

for future high-energy physics propcsals. 

Ccmpressor Devclo~ent rrogram 

Su!Tlary. It is proposed to develop a screw compressor system to .supply the 

refrigerator cold box with gaseous helium. The compressor system must 

supply the r~frigerator with 190-200 g/s of pure helium gas at a pressure 

of about 18 bar. This requires 750-800 HP CO!:'pressors. 

Although conventional reciprocating compressors are available in this size 

range, they arc rr.assive and bulky, and their reliability leaves much to 

be desired. In the last few years, a new iine of rotary compressors 

has been developed, which are much sn1aller and potentially more reliable. 

These compressors are positive displacement dual-scr·ew compressors. \{hile 

sere·~ con1pressors are ava i1 ab 1 e from some vendors, they have not b!:en used 

for helium, as dry helium for cryogenic refrigeration is a particularly 

difficult gas to pump. Screw co~pressors offer a num~er of advar.tages 

over their ~or~ conventional counterparts, and initial cost estimates are 

quite favorable. 

~~_o•Jnd. Historically, the standard laboratory, intermediate or large 

size cryogenic refrigerator/liquefier has been assembled with recipro­

catin~. positi1·c:-dispiace:r.ent comprrssors. The reciprocating coe-.pressor 

h3S m~~y disadvanta~~>. csp~ci~lly in the areas of capital, installation, 

and opr.ratior. costs as >.ell as coF•plexity. The luge size requirPd by 

multiple cylinrie1· layou~s. th~ high shaking loads a~d the difficulties 

in lu!Jrication, coil rP.;.,~·,al and wear ratl'S create pr.rticullr prohlens for 

many special trypgrn1c a~~licalions. Nbw with the incipient growth an~ 

applicatit-n of s"~nrc:.ndu:t.ing devices in many zrc,:s, incentives ar>J 
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increasing fo~ the clevelopmcnt of an inexpensive, reliable, compact (even 

ser.~i-portabld C!'~pressor· systtm . 

With the standard reciprocating co·~pressor, the desi9ner has two choices;­

lubricated or non-1 ubed. The lt;bec! sys ten1 can be operated for 1 ong 

periods betwrE~ ~aintenance, but it requires an absolute oil-removal sys­

ter.J. Also, the oil-injection r.::.:st he carefully a~justed fo,- the oroper 

balance between rapid ring wear and flooding the clean-up system. ror the 

non-lubed case, one can ~elect filled Teflon (flu~rcarbon) seal rings with 

their frequent r.:~intcnance ped(dS C•r labyrinth seals with their high~ 

leakage rates. 

P.otary-type cc•;np~cssC'rs have the pc·tenti a 1 for co~Cpactness, simp 1i city, 

and high reliability, mir.imal vibr?tion and relatively low cost. In the 

rotary group, cer~trifu')al compressors are unique because ~hey create 

rn:ssure by velocity increase. They are not positive displacement, and 

h~r:te suLje..:~ to much sl ip~·~g2. Tl.is i5 their r.r~r.:ary d~sadv1r.t~sc. 

espacially in the cryogeric anplica~!on. Centrifugal machines C£~ offe~ 

the advantage:; of oil-free g.:s a11d no wearing parts in the p,rocess stre~m. 

but lor lew-density £aSes they rtqui,·e many stag~s to reach the hig~er 

pressures, and very high-tip s~eeds, with highly 5tressed and rrecisi0n­

balanced rotors. 

I~ the rotary pc-sitivr-displac,;e1~nt cor.:tJ~Essor gr~up, various typc> are 

available: rotary scr!'•~. lobe or Roots- type, water-ring 3nd sl i~in9 

;·:Jne. All or thc>e rnachint:s have sir.dlar ne~forT·~nc!' curves to those of 

reciprocating cc::1pre~sors: fhed capacity ~:ith l'ariable bad. pn";~"re. 

The w~ter-rinG i~olates th~ process gas fron th2 rotHting metal rart~ and 

pro'lidcs er.celler.t r.ooling !Jut intn>duccs l>IJlPr p:-oblcr.·.s with 1·:.1tcr \·apor 

re:'loval and rott~nticl heating r.'alfllr:ction. T•,r. ~liding vane t_vpe rc:q;Jir!'s 

oil lu~ricatio,, wd t:.H hi~h->-·,,ar prts in th~ rrr:c!'ss stn~.1:1. lh!: lobe 

or Roots ar:d tl.0 rot<.ry sere" type seem· t'•<: bP~.t of th': 9l'OliP h·ca••'(' th,•y 

car deliver cil-fr!'C sa~ and h~vc no wear rart~ in t~e stream. The ~t~ign 

!ji¥~~ thr,-. il tion.'UJ~-[I!Jt Upoc.ity I"'.ICh luger t!•e'l rccip~ocatir•'] lln:t.s witt,-

0\il p:1l'i:t ir>~ t·n·~•lc:~s. 
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Advar.t?ge> of t~e Rotary-Screw Compressor. The rotary-screw compressor 

is the n:o>t attractive system for development because of the following 
advantages: 

1. Hiqh Efficiency: The efficiency characteristics curve is relatively 

flat with excellent operation over a wide range of conditions. The 

effici~ncy does not decrease with time because there are no wearing 

parts to reduce the through-put. 

2. fo'.echanically sirr.ple - High r·eliability: Few working parts result in 

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

lightly stressed ar.d insensitive to shocks and overload. 

3. Low maintenance: Elimination of wearing parts such as valves, rings, 

cylinders and liners extends life and minimizes maintenance costs. 

4. Oil-free delivery: The rr.achine has the potential for oil-free gas 

delivery; t.owever, for helium, this will depend on the results of the 

development program. 

5. 

6. 

7. 

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

reduced building and foundation costs. Skid mounting is feasible for 

flex ibi 1 ity. 

At,se,c.e.. 
~inimum vit:>r~tion: -H-f:.c of unbalanced forces! and high amplitude,.J-
vibration eliminates the need for heavv foundations, and ~1 S 

d to d' . . d . • amagj.surroun 1ng p1p1ng an 1nstruments. ·. 

Stable perfor~:ance: Positive displacement allows the unit to 

operate over a wi~e range in compression ratio, speed and gas der.sity 

with stable discharge and without the pulsation of reciprocbting 

units or the surge of ccntrifugals. This stability permits easy 

operation with other compressors in parallel or series. 

8. Ori~_!_l_~:.i~,_i~y_:_ f,d~pt?hle to high-speed l'lectric rnr,tors, gas 
or di~scl cng~nes, ga~ or steam turhincs. Direct drive and varl-sperd 

Pdge u, 

8. (Continued) 

is possible. Ti:e adaptability over a wide range of speed and 

perfomance n;akcs the machine esr•?cially desirablE: for a development 

and resear·ch study in an expanding technology. 

9. Cost Savings: Relative to reciprocatin9 units (1500 watt size-range), 

capital cost reductions of~ $150,000/unit are esti~£ted. As 10 to 

25 units are projected for various projects in the next few years, 

this can amount to Sl.S- 4 million in capital cost ~lone. With mini­

mization of wear a~d opti~ized reliability, operating and maintenance 

cost savings can easily approach or exceed the abo~c capital cost 

savings. Also, the flexib;lity of a se;r,i-pcrtatle s~,id-rnounted com­

pressor pemits minir•al recund<~ncy and standby units for widely Sl:'pa­
rated cryogenic stations. 

f~e_!j~e_n_~~r:S'.£•:_~":.:- The steos in the exreri!!lental rrng~~"' de,·clc;-:~ent 

are outlined below: 

1. ~anufacturrr an~- Trccc Survey. Di~cussion and study with rotary screw 

coc;:prcssor ver,son ar.d users. The sere•; ccr-:;:wcssor is a rather· rPcent 

(10 year·s) d~vcl('c'"ent and has not been developed for helium syst~1s 
of the size r~quired here. 

2. Compressor __ f1rs_!.s.::.i~.l1..0..·_ The g<~ses used for loH-temrerature wm·k--hydro­

gcn and h~liunt--crc~te rroblc:c:; b~c.;tJSE: of their lo•' d!"nsity (high 
leakage, slipp~g~. low oil rntrain-2nt for lubrication) and high specific 

heat ratios. This 1c.cans that for heli~m, if the cctnression ratio is 

too high, tk· hratin9 c.1n b~ srvcrP and cdequate ccl'l ing must he 

provided. A ccsi\:n h~lancc r'u'.t b" reached bf.>t~;ppr, r·:~r<i.·~r of sta3e 

and h~lan(P(f cooling ,of cc-c·.pu·:ents. '' nul'lber of vari.;tions will Le 

considered. 
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Advar.t~ge~ of t~e Rotary-Screw Compressor. The rotary-screw COffipressor 

is the ~ost attractive system for development because of the following 

advantages: 

1. Hioh Efficiency: The efficiency characteristics curve is relatively 

flat with excellent operation over a wide range of conditions. The 

effici~ncy does not decrease with time because there are no wearing 

parts to reduce the through-put. 

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

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

lightly stressed ar.d insensitive to shocks and overload. 

3. low maintenance: Elimination of wearing parts such as valves, rings, 

cylinders and liners extends life and minimizes maintenance costs. 

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

delivery; t.owever, for helium, this will depend on the results of the 

development program. 

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

reduced building and foundation costs. Skid mounting is feasible for 

fle~ibility. 

6. 

7. 

Abse,.,c.e. 
~inimum vibration: ~of unbalanced forces! and high amplitud,;_t 
vibration eli~inates the need for heavv foundations, and ~~--·S 
d to d" . . d . • 
amag~surroun 1ng p1p1ng an 1nstruments. 

Stehle_£erforr.:ance: Positive displacement allows the unit to 

operate over a wice rang~: in compression ratio, speed and g~s der.sity 

with stable discharge and without the pulsation of reciproc~ting 

units or the surge of ccntrifuga 1 s. This s tabi 1 i ty penni ts easy 

operation with other com~ressors in parallel or series. 

, 8. pri~_j_l_~-i~j]J.!.Y . .:. f,d~pt?ble to high-spe:cd Plectric rnc,tors, gas 

I ....... , ·····:·· ..... ····· ········· •····· ........ ·········· 
L. ______ _ 

Pdge ,li 

B. (Continued) 

is possible. Tl:e adaptability over a wide range of speed and 

perfonr.ance n;akes the machine esr~cially desirablt for a development 

and resear·ch study in an expanding technology. 

9. Cost Savin0,s: Relative to reciprocatin~ units (15(Vj watt size-range), 

capital cost reductions of~ $150,000/unit are csti~fted. As 10 to 

25 units are projected for various projects in the next few years, 

this can amount to 51.5- 4 million in capital cost alone. With mini­

mization of wear and opti~ized reliability, operating and maintenance 

cost savings can easily approach or exceed the above capital cost 

savings. ldso, the flexib~lity of a semi-pcrtatle sUd-mounted com­

pressor pemits r.linimal recundancy and standby units for widE"ly sepa­

rated cryogenic stations. 

¥xpe.!J~..11-~£.~.".£':.0.:-:.:. The steps in the experi!1lental r.rng,-arr d!'\'dc;-:cent 
are outlined below; 

1. Manufacturer anL Tr·cc'e Survey. Discuss ion and study with rotary screw 

coc:prcssor ven::ors ar.d users. The screw ccro.;Jressor is a rather rPcent 

(10 year·s) d~velt'r"'.ent and has not been developed for helium syst!'ms 

of the size required here. 

·, 

2. Con:pressor f1cs_iq S_!:~;:'~·- The ga:;es used fot· lm1-temrc:rature work--hydro­

gen and fr~liunr--crute rroblc~~~ bPUIJSC of their lo;~ density (high 
leakage, slipreg!, lo;~ oil Entrain-2nt for lubricatio~) and hi?h specific 

he<Jt ratios. lhis l'.c~ns that for hclit:m, if thP CC!c~ression ratio is 

too hic'h, tk· heat io<J c.1n b~ sever<' ?.nd ~d~q'late CP~l ing must t>e 

pn;vided. f\ .'.csi~:n b~lancc r•u•.t b<> reacta~d br.~tl;rpn r·"'"·i·~r of sta3e> 

and balan<:C'd cr.oling of cc-:·;po·;cnts. f1 number of vari.:tions will be 

considered. 
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3. (Continued) 

dependent on syst~ and redundancy design purchase of 50: compres­

sor capacity). ~hereas some prcli~inary wor~ could be done with 

small models, anything less than a full-scale final test of the 
complete system could only furnish incomplete information subject to 

challenge. Subsequent units may be required,depending on the experi­

mental results. 

4, Oil/Coolant System. DeveloDf!lent. Some industrial techniques are 
available, but overall syste.~l ,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 dcwnstream, and retu•·ns it to the closed cycle. This 
technique pe:v.its a closer arproach to isothermJl compression and 
provides full ring and cylinder lubrication. Ideally, it would be 
best to eiiminate oil completely froN the proc~ss stream; but if 
that is not possible, then a satisfactory clean-up system must be 
developed. Various techniques will be investigated. 

5. Test Stand Develop:11ent: Operation on closed-loop system with full 
flow and load (ond overloads). Operation without process stre2m 
oil or other fluid (kerosene, H20) contaminant if possible. Depends 
gre~tly on gas s 1 ippage, number of stages, and heating. 

6. Incorporation cf Cer.•pressor Ooeration ~1ith Heliur, Refrigeration and 
Lo~~ This would involve operation of the cor..plete system, 
cNnpressor(s), refrigerator ~nd lo~ds (e.g., ESCAR) and would 

constitute a final examination and proof of the syste111. Unattended, 
continuous operation of something like 6000-8000 hours will be the 

cl>jective. 
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Schedule & Costs 

A project sched:;le for the develo~ment is as follo..:s: 

1. Component Suney 

2. Design Study 

3. lest Model Purchase 

4. Oil System Developm~r.t 

5. Test Stand DevElopment 
~ 

6. Refirgerator System 
Operations 

FY 1975 FY 1976 FY 1977 

··~_ .. :"1:-· I 
~ 

I 

~:~.~~-.,~~] 

c~=-:-~J~zg 
~::2:~JT;i~2~::J 

~~~~:·~-;~·'i 
~-~~:;.; 

~}S~~-

1 

Estimates for the capital and de'lelopr.:cnts costs are shown in Tabl.e I 
and 11. Operational costs for Test St~~d Development a~d refrigeratic~ 
system operations of course depend on the suc~~ss of vorious stages of 
the initial de'lelopment program,and the best estimates for FY 76 c.nd FY 77 

are provided. 
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TABLE II 

DEVELOPMU;i COST ESTIMATE 

l. 

2. 

3. 

TABLE I 

CAPITAL COST EST H·:f,TE -

Item 

Cold box: outside fabrication, 
1500 watts ~ 4.2°~. includ~s 
engineeri~g. hc~t exchangers, 
expanders, vacuum insulation, 
instrumental ion .... 

Cuildin;:* Steel frc~~. 
approx. 30 ft x 30 ft x 16 ft high, 
includes co~pressor pads and 
sprinkler sy~tem .•••.. 

Installation* 
Includes elcr. ~n~er feed znd lights; 
water, hE.'liur:1, air piping; 
millwright li~or and hoist rquir~0nt 

TOT,;L GEriERAL PLI-~T ...... . 

• including engineering ~nd conting~rcy. 

L_. ______ . 

K$ 

375 . 

30 

75 

430 

fY 75 

Compressor(s) 

750/800 HP, 2200/2400 Cf~l, 15/20 atm. 

includes motor, etc. 

Oil system and development • 

TOTAL • 

FY 76 
Oil System and Test Stand Development 

System Operations 

TOTAL . 

FY 77 
System Operations 

95 

70 

165 

140 

100 

2ao 

120 
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Alternate Possibilities 

There is no existing co~rcial compressor package with the required 

reliability suitable for helium cryogenic refrigerators in the S00-1000 
H.r. range. A contract for commercial develo~nt of such a unit 

would require several hundred thousand dollars in additional funds over 
the costs outlined above. 

Hazard Protection ~~easures_ 

This project, like all Laboratory construction, will be designed, engi­
neered, and built in conformance with the requirements of the all-appli­
cat-le codes, including the Uniform Building Code, the National Electrical 
Code, the National Plumbing Code, the State Industrial Safety Orders, and 

the: regulations of the State Fire Marsha_l. The plans will be reviewed 
by the University Office of Environmental Health and Safety • 

The laboratory Safety Office will ir.sure that adequate s: .. ety stand~rd_s 
are ~aint•ined in the to~rse of construction. This responsibility in­
cludes st•ch functions es cheding scaffolding, determining the need for 
fire watchers during welding and burning o;>erations, furnishing fire 

\ 

prote:ction as needed, end checking the project site for hazards. 

A ~-rel iminary survey of eperational safety considerations has been made 
loy th~ <.ppropriate L9L safety personnel, as re~uired by JI.EC f,ppendi>: 6101. 

lhe folio•ting evaluations reflect the current state of knoNledge and· 
planr.ing relating to operational safety. Further study and developments 
will contribute to the safe design and operation of this facility. 

1. ~.£i~:.0~ 
ihere are no associated radiation hazards. 

2. fire 
A fire-detection and sprinkler system will be Installed. fire c~ 11 

bo~~s urc alrc<~dy lccated nc~t· ttic site ancl provide full reporting 

Page *11 

2. (Continued) 

coverage. The danget· of electrical fire is minimal. Flanrnable gas 
hazards will not be present. Oesign In strict accord with applicable 
AEC, H3tional and State Safety and Building Codes will neutralize 

possible hazards. 

laboratory fire protectior. fecil i ties are well developed and equipped 
to. handle most fires and E:T:'ergencies. The Berkeley Fire Department 
and the Oakland Fire Depart~ent are also on call. 

3. Pollution 

No solid, liquid or air pollutants will be generated by this operation. 
The drain from the support ground floor will be manifolded to a 
separator-retention tank to control the disposal of waste cil or 
other ·liquids in case of an inadvertent spill. 

4. Qther F~':_ur!'S 

a. Safpty latches on crane hooks and lin:it stops on crane rails, plus 
other standard crane s~fety features, will be provided. 

b. Emergency lightin~. in addition to adequate area lighting, will 
be prGvided. 

c. Adequate vehicle pas~zse will be provided around the f~cility. 
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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