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COMPARISON OF ASST-A HELIUM REFRIGERATION
SYSTEM PERFORMANCE:

DESIGN VS. ACTUAL TEST AT 50% OF COMPRESSOR FLOW CONDITIONS

T.V.V.R. Appano and V. Ganni
CryogenicsDepartment,AcceleratorSystemsDivision

SSCLaboratory,Dallas, TX 75237

The ASST-A refrigerationsystemhas two first stageand two secondstaccomprcssors.Parametrictests
on the compressorsand the total refrigerationsystemwereconductedto verify the performanceandcompare
these results with the manufacturer’sdesign for this refrigeration system. A summary of tile initial
performancetest data is given in reference[1]. Tue refrigeratinnsystemis designedto operate in several
modes. However,the main modesof operationare:Mode 150% refrigeration - 50% Liquefaction, Mode2
100% RefrigerationandMode 3100%Liquefaction. Under normal conditionsof operationall the four
compressorsare running.The resultsof the processanalysesand exergyanalysesfor the manufacturer’sdesign
and actualtestdatafor CaseI conditionswhen all the four compressorsare operatingare discussedin reference
[21. The processflow diagram,the mapping of thecompressors,the descriptionof the cold box systemand
the theory behindthe processand exergyanalysesare also given in reference[2!. This report presentsthe
processandexergyanalysesfor the threemodesof operationfor Case2 conditionswhenonly one first stage
andone secondstagecompressorsareoperated.

Figure 1 comparesthe manufacturer’sdesignvs. actualreducedtestdataof the processon a T.S diagram
for Mode 1 operation . In this modeaccordingto the manufacturer’sdesign the 4 K refrigerationcapacity is
765 Watts in additionto the plant liquefaction loadof 7.65 g/s alsoat 4 K. The systemis designedto operate
with all the four expandersoperating.However,in the actual test as shown on the T-S diagramfigure 1 for
the testdata, thesystemoperatedwith the expander3 shutoff. The plant produced7.4 Vs of liquid at 4 K and
the 4 K refrigeration load was 795 watts. Table 1 comparesthe total exergy distribution for the
manufacturer’sdesignand testconditions.

The comparisonfor Mode2 100%refrigferationoperationof the manufacturer’sdesignandreducedtest
datafor theprocessis shownon a T-S diagramin figure 2. The plant wasdesignedto operatein this mode
with a capacityof 1370 watts of refrigerationat 4 K. During the test, the appliedload on the plant wasas
highas 1450 watts. The probablereasonsfor the highercapacityof the plant are dueto the selectionof larger
capacitycompressorsand a towersuction temperatureof the first stagecompressor.Thedistribution of exergy
in the compressorsystem,the cold box and the dewar for the manufacturer’sdesign and the actual testare
given in Table 2.

The resultsfor Mode 3 operation100% liquefactionfor the manufacturer’sdesignand the reducedtest
datafor the processare shownin figure 3. The plant wasdesignedto liquefy 15.6 W with one first andone
secondstagecompressorsoperating.During the testsconductedto verify the plant capacityin this mode of
operation,the liquefaction ratewas as high as 18.0 The results of the exergy analysisfor this mode of
operationare shown in Table 3. Figure 4 summarizesthe exergy distribution of all the three modesof
operationsfor Case2 conditions.

Discussion of results

The ASST-A refrigerationsystemundernormal conditionsof operationrequirestwo first stageand two
secondstagecompressors.The plant is designedto operateat maximum efficiency when operatedin mode 1
underCase1 conditions.The efficiency of this refrigerationsystemfor all othermodesandcasesof operation
is lower. As shown in reference2] thesystemefficiency for Mode 1 CaseI designoperationis 18.6%. For
Mode I and Case2 operationthe systemefficiencyas given in Table 1 is 14.3% for the manufacturer’sdesign
and 14.8% for the test data.Comparisonof the exergylossesfor Casc I with theexergy lossesfor Case2 for
all the threemodesof operationshows that a larger percentageof the tossesare in the cold box for Case2
operation.The larger percentageof the exergy lossesfor Case2 operationare mainly due to the higher
inefficienciesin the heatexchangers.Theexergylossesin theheatexchangersin Mode 1 and Case2 operation
for themanufacturer’sdesignand testconditionsas given in Table 1 are 13.3%. Whereas for Mode 1 andCase
I operationthe exersylossesin the heatexchangersas given in Table I of reference[2] for the manufacturer’s
designandtestdataare 9.0%. The heatexchangersare designedfor massflow rates,heatloads andpinchesas
requiredfor Case I conditions.However,the massflow ratesandheatloads in Case2 are much lower. Hence
the valuesof LMTD especiallyin the lower endof the cold box are higher resulting in higherexergylosses.
Thepercentageof exergylossesin theexpandersin Case1 and Case2 operationare aboutthe same.

I. T. Kobel and R. Than. Initial operationand performancetest resultsof the ASSTcryogenicsystem,
to bepublishedin "Supercollider5: Proceedingsof the 5th InternationalSymposiumon the SuperCollider,
San Francisco.CA. May 1993." New York: Plenum Press.

2. V. Ganniarid T.V.V.R. Apparno, DesignVerification andAcceptanceTestsof the ASST-A Helium
RefrigerationSystem. Presentedat the CEC-ICECConference.A.lbequerque,New Mexico, July 12- 16.1993.
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Table I: Mode I 50L.50R Exergy analysisfor 30% compressorflow conditions.

DESIGN TEST
4.3K Refrigeration load W 765.0 795.0
Liquefaction load gfs

Coolant referencetemperature K

First-StageCompressor

Second-StageCompressor

LN2 System Eff. Carnot 0.35

INPUT EXERGY TOTAL

First-stage: compressor& motor

First-stagebypass

First-stagesuction mixing
First-stageaftercoolerDP
Firsi-stage subtotal

Second-stagebypass
Second-stagesuction mixing

Second-stageAC Be oil rem. VP

Second-swgesubtotal

CoMpREssoRs
Heat exchangerIA

HeatexchangerIS

Heatexchanger2
Heatexchanger3

Heatexchanger4

HeatexchangerS

Heatexchanger6

Heat exchanger7
Heat exchangerS
Heatexchanger9
Heatexchanger10

Heat exchangers

Expander1

Expander2

Expander3

Expander4
Expanders - subtotal

LN2 system
SO K bed
VP I/O expanders

iT
Transfer line
Dewarheatleak

Calculation error
Miscellaneous

Coi.Doox -SUBTOTAL

EXERGY LOSS - TOTAL

Refrigeration load

Liquefaction load

Retiquefactionload
EXERGY USEFUL

Reliquelaction

IN P UT

OUTPUT

Second-stagecompressor& motor

OUTPUT EXERGY TOTAL
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Table 2: iode 2 IOOR Exergy analysis for 50% compressorflow conditions.

DESIGN TEST
4.5 K Refrigeration load W 1370.0 1450.0
liquefaction toad g/s 0.0 0-0
Reliquefaction load gls 0.0 0.0
Coolant referencetemperatureK 304.9 294.9
INPUT kW % kW Va

First-Stage Compressor 193.6 27.8 151.1 22.1
flecond.StageCompressor 476.4 6S.5 513.5 75.3

LN, System Elf. Carnot= 0.35 25.6 3.7 17.6 2.6

INPUT EXERGY TOTAL 695.6 100.0 682.2 100.0
OUTPUT kW % kW Va

First-stage:compressor& motor 100.2 14.4 64.6 9.5
First-stagebypass 4.1 0.6 18.6 2.7
First-stagesuction mixing 1.7 0.2 0.7 0.1
First-stageaftercoolerDR 3.0 0.4 4.8 0.7
First-stage subtotal 109.0 15.7 88.8 13.0

Second-stagecompressor& motor 256.8 363 249.7 366
Second-stage bypass 6.3 0.9 20.4 3.0
Second-stagesuction mixing 2.5 0.4 1.6 0.2
Second-stageAC & oil rem. VP 11.0 1.6 10.7 1.6

Second-stagesubtotal 27&7 39.8 282.4 41.4

CoMrREssogs-susToT.tl. 385.7 55.4 371.2 54.4

Heat exchangerIA 28.1 4.0 14.9 2.2

HeatexchangerlB 2.7 0.4 0.4 0.1

Heatexchanger2 25.8 3.7 20.7 3.0

Heatexchanger3 2.5 0.4 2.9 0.4

Heatexchanger4 . 11.9 1.7 8.2 1.2

HeatexchangerS 1.7 0.3 2.0 0.3

Heatexchanger6 0.8 0.1 0.9 0.1

Heatexchanger7 1.9 0.3 2.5 0.4

HeatexchangerS 10.1 1.5 25.0 3.7

Heatexchanger9 3.2 0.5 0.0 0.0

Heatexchanger10 14.1 2.0 10.3 1.5

Heat exchangers - subtotal 103.0 14.8 87.9 12.9

Expander1 17.7 2.5 20.6 3.0

Expander2 16.0 2.3 9.0 1.3

Expander3 8.5 1.2 0.0 0.0

Expander4 15.8 2.3 20.9 3.1

Expanders - subtotal 58.0 8.3 50.6 7.4
LN2 system . 16.7 2.4 11.4 1.7

gOKbed 0.5 0.1 12.6 1.8

DPllOexpanders 11.3 1.6 24.9 3.7

IT 23.3 3.4 19.7 2.9

Transfertine 3.5 0.5 3.3 0.5

Dewarheatleak 0.0 0.0 0.6 0.1

Calculation error 0.2 0.0 6.0 0.9

Miscellaneous - subtotal 56.0 S.C 78.6 11.5

CoLonox-suwronL 217.0 31.2 217.1 31.8

EXERGY LOSS - TOTAL 602.7 86.6 588.3 86.2

Rcfrigcraiion load 92.9 13.4 93.9 13.8

Liquefaction load 0.0 0.0 0.0 0.0
Reliquefaction toad 0.0 0.0 0.0 0.0

EXERGY USEFUL -TOTAL 92.9 13.4 93.9 13.8

OUTPUT EXERGY TOTAL 695.6 100.0 682.2 100.0
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Table 3: Mode 3 IDOL Exergy analysis for 50% compressor flow conditions.

DESIGN TEST
4.5 K Refrigeration load W 0.0 0.0
Liquefaction load gls 5.6 18.0
Reliquefactior, load gls 0.0 3.6
Coolant referencetemperatureK 306.6 302-8
INPUT /cW Va /cW Va

First-StageCompressor 187.5 24.5 166.9 20.5
Second-Stage Compressor 474.2 62.0 526.6 64.7
LN, Sysiem Elf. Carnot= 0.35 l02.9 13.5 120.2 14.8

INPUT EXERGY TOTAL 764.6 100.0 813.7 100.0
OUTPUT IcW % kW Va

First-stage:compressor& motor 97.0 12.7 71.1 8.7
First-stage bypass 3.2 0.4 28.9 3.5
First-stagesuction mixing 2.6 0-3 0.7 0.1
First-stageaftercooler DP 3.2 0.4 3 .9 0.5
First-stage subtotal 106.0 13.9 104.7 12.9
Second-stagecompressor& motor 254.7 - 33.3 244.6 30.1
Sccand-;tagebypass 6.5 0.8 24.8 3.0
Second-stagesuction mixing 2.4 0.3 1.6 0.2
Second-stageAC & oil rem. DP 10_S 1.4 12.2 1.5
Second-stage subtotal 274.1 35.8 233.2 34.8

CoMrREssoRs *SUBTOTAL 380.0 49.7 387.9 47.7
HeatexchangerIA 30.6 4.0 26.5 J 3.3
HeatexchangerlB 4.3 0.6 2.7 0.3
Heatexchanger2 13.6 1.8 18.5 j 2.3
Heatexchanger3 2.6 0.3 3.2 0.4
Heatexchanger4 . 10.0 1.3 13.2 1.6
Heat exchangerS 2.0 0.3 2.9 0.4

Heatexchanger6 1.2 0.2 0.7 0.1
Heatexchanger7 2.3 : 0.3 2.9 04

Heatexchanger8 5.9 0.8 12.5 1.5
Heatexchanger9 3.9 0.5 0.0 0.0

Heat exchanger10 17.9 2.3 ‘ 12.1 1.5

Heat exchangers - subtotal 94.3 12.3 95.3 11.7

ExpanderI 14.2 1.9 22.2 2.7

Expander2 16.1 2.1 17.3 2.1
Expander3 14.7 1.9 0.0 0.0

Expander4 17.3 2.3 25.0 3.1
Expanders - subtotal 62.3 8.2 64.5 7.9

LN, system - 67.2 8.8 78.1 9.6

SOKbed 0.4 0.1 15.2 1.9
DPlfOexpanders . 0.0 0.0 1.8 0.2

iT 43.9 5.7 30.1 3.7

Transferline - 3.5 0.5 3.5 0.4
Dewarheatleak 0.0 0.0 0.7 0.1
Calculationerror 5.1 0.7 9.8 1.2

Miscellaneous - subtotal 120.2 15.7 139.2 17.1

ColDeox-sualorAL 276.9 36.2 299.0 36.7
EXERGY LOSS - TOTAL 656.9 85.9 686.9 84.4

RefrigerationLoad 0.0 0-0 0.0 0.0
Liquefaction Load 107.7 14.1 122.1 15.0
ReliquefactionLoad 0.0 0.0 4.8 0.6

EXERGY USEFUL -TOTAL 107.7 14.1 126.9 15.6

OUTPUT EXERGY TOTAL 764.6 100.0 813.7 100.0



2. f±:st stage arId 1 second stage ccit;eSSOtS

operating

Mode 2 Mode I

60

t40

C
cc
0

0

20
Ui

10

-

Corup. ColdbOX Load

- - - - C

ClCl

Comp. Coldbox Load

o
I

Cornp. ColdbOX Load

Mode 3

Figure4: SummarYof Exergy Analysis


