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Spa t . ec . r a f t  instronmnts reqoiring cryocoolcrs  to COO]
infrared focal plane arrays have increased complexity in the
rwe.rail design with respect to power and thermal nlanagc.nmt.
‘1’lm  use, of mczhanical cfyocoolers  can rtrive spacecraft solar
array and the.nnal radiator dimensions, and spacecraft
dcsigncx-s most bc prudent in keeping these dimensions feasible
with resJwd to launch lifl capabilities. It is inlporlant to
tlnderstand  cryocooler  power requirements  and its effects on
spacecraft si7.e and mass. lnterrnediate  tempcrrdore. (1 50 K to
200 K) radiators to cool radiation shidds  or optics on
spaceaaft  ins(rrrmcmts  provide an as yet untapped re.scmre.e.  for
reducing the cryocoole.r  power reqoirenvmts. ‘II]  is paper
JJrcsents  cryocoo]cr calorimetric  heat rwjection data and
discusses the data’s relationship to spacecraft the.rmal cent m];
it a lso dcscribcs means  t o  Icverage, cryocookv  p o w e r
rcqoiremcnts rmcl thermal performance with rwspd  to thermal
heat sinking with different cryogenic radiators, and discusses
their effects on spacecraft mass.

J1’1.  has demonstrated significant thermal performance
in]provenmnts  to Ilrit ish Aerospace @Ae) cryocoole.rs by
providing passive. cooling, below 200 K along the warm end of
the. cryocoolcr coldfinger. lndusion  of the thermal strap to
cc)ol the coldfinger  ha s  r e su l t ed  i n  50  90 re.doctions in
c.ryocoolc.r input power w i t h  f o r  the srrme rcfrig,cration
capacity at coldtip  tmnJ}cratorcs  near 60 K. It is clearly shown
in this paper that the advantages of a bybricl c.oolw/radiator-
dcsi~n have profoond benefits for spacecraft,

1 N’I’ROIJLJC’l’l  ON

Spacecraft irlstronlco(s  using infrared detedors  need k)
maintain the detectors at a stable tempcratore  typically
bet wmn 10 K rind 90 K. Mechanical cryocoolcrs  arc required
to sopporl mult i -year  missions,  and of ten redondant
c.ryocoole.rs are necessary to assure the ove.ral  I rdiabilit y.
1 Iowe.ver,  h cryocooler  input power required to provide the
ne.mssary  cryogenic cooling reqoirummts  can se.ve.rdy tax the
ove.ral] available spacecraft lNIS powu-. ‘J’hc parasitic heat load
placd on operating coolers by the redundant coolers can be. a
substantial fraction of tho available, cooling power at cryogenic
temqmralores  if the, redondant coolers are to be used without

heat switches. “1’his parasitic. heat load most be absorbed by
tile. operating cooler, further increasing the power dcrnands of
tllc. operating cooler. Extensive thcmnal  design goex into the
sl)acecraft instrument to optimize ihermal  heat transfer to both
(he spacecraft thermal radiator and to the ddedor  system,
Integration tezhniqoes soch as those used by the tactical cooler
cx)nlmoni(y to integrate, de.tedor and dewar to the low power
c.ryocoolcr  help to Ininimim parasitic conductive losses ancl
increase the amount  of usefol cooling w’ork  that the cooler can
perform, optimizing the ambient temperature heat transfer
from the cooler to enable, the cc,oler to operate as cool as
possible (unrlcr the cooler’s own design constraints) can
potent ially improve the cooler thermal performance by 10 to
20%.

‘1’his paper examines cryocoolcr performance sensitivities
to the thcnnal mvironrne.nt  p r o v i d e d  b y  t h e  spacemaft
radiators. ~“hc J]apcr draws heavily on an earlier publication
de.scrihi ng a new spacecraft int egrat icm approach ~o improve
the cryocoo]er’s  thermal efficiency by using a spacecraft’s
cryoge.nic-kmperatore passive radiator to remove hed from
tile cryocoolcr colclfinge.r’, I’his integration concept uses a
thermal link from the radiator to attach to the cryocooler
coldfing.er  at an intermediate point along the colclfinger to
intercept the, parasitic heat load from the warm end of the
coldfinger and 10 reduce the tcrnpe,rature of the gas in the
rcgc.ne.rater. ‘I”he,  modest amount  of heat rxmoved at t he
coldfinger wall has a significant effect on the measored
performance. of the cooler. ‘t”his hybrid cryocooler/radiator
design provides significant benefits in overall spacecraft design
as well, which can be ckmonst rated in lowered electrical drive
power  reqoirernents  and redoced  mass reqoircnwnts for the
spacecraft solar panel, 30C)-K radiator, and support st roct ores.

‘l’he heat interceptor concept was demor~stratd on two
llr it ish Aerospace. (J]Ae)  coolers, the BAe. 80 K and the BAe
S()-80  K coolers. incorporation of the heat interceptor was
fbond  t o  prodoce a significant thermal performance
emhancernent for each cooler, increasing the thermal efficiency
by as rnoch as 100%, “l”his thermal efficiency inq>roverncmt
can be realized  as eit}ler a reduction in cooler drive power
rtx]oire.rnemts for constant cooling tempe.ratore and cooling
load, or can enable a combination of lower cooling
te.rnpe.ratums  and larger cooling loads for the same drive
power rwqoirt.me.nt.  I’his is shown in the cxpe.rirncntal  results



. of this papcf. Before delving into the heat intercept tests, it
is of usc to de~cribc  the cryocooler thermal performance and
hea t  rojedicm s e n s i t i v i t i e s  w i t h  respczt to h e a t  s i n k

tempcmtures.

CRYOCOO1 ,l~R ‘i’ll[H<hIAl  . PlH{FORh4ANCll

‘1’hc thermal efficiency of the cryocoolcr  is dc.pcndcn( on
the cooler hod y tcmpcrat ure, the efticicncy  increasing with
decreasing heat sink temperature (cooler body tcmpwature.).
Over the typical (O°C to 4CF’C) ambient temperatures of
spat.ecraf(, cooler performance can vary by 10 to 2.0%.
liigurc 1 shows the measured performance of the British
Acrospac.c  S0-80 K cooler unclcr nominal operating conditions
for varyin:  heat sink tcmpcraturea.  lsothcrms are. drawn
bctwcm constant compressor stroke Iincs for each of the. heat
sink tcnqwraturea to show the shift in pcrformanm

‘1’here is, however, a Jmctical  limit on bow cold the
cooler can operate, based on the temperature achievable with
the. spacecraft rrmbicnt temperature radiator, and the
differential thermal contraction of the materials making up the
close tolcrancc seals within the. cooler. l’hc importance of
maintaining the lowest possible cooler body te.mpe.rature drives
the ned for well -cleaigned  thermal paths t.o effedively  remove.
the cooler-gencratd heat to the spacecraft racliator,

Nearly all of the cooler electrical drive power is
consumed by the compressor, yet a significant fraction of the
resulting thermal energy generated by the gas compression is
passed via the gas transfer tube and dissipated at the
displaccr7. l:or  the British Aerospace coolers, this may he. OR
the order of 20 - 35 %3; for the ]Iughes SSC cooler, this
fraction may be. as high rm 60%4. For coolers requiring 50 to
60 W of input power, the displacer may dissipate up to 35 W
of heal from the gas, Figure 2. shows the heat rejection
distribution from the BAe. 50-80 K cooler for the case where
the heat sink te.mpcraturcs were identical for both the
compressor and displacer, The figure also shows the total
input  power to the cooler , which re.mai Id re.lat ivcl y
unchan~ed  bctwem  the diffcre.nt  heat sink temperatures. “1’he.
compressor heal dissipation varied significantly wi[h  changing
heat sink tcn~pe,rature,  whereas the heat clissipation from the
displacer was fairly insensitive tc) the heat sink temperature.,
MCI remained a small fraction of the overall heat dissiJ>atd
from (IIC  cooler.

I:or the condition when the compressor and displacer heat
sink tcmpcrature,s  are. not the same,, there is a simble increase.
in heat dissipated at the cooler component having the lower
heat sink tcmpcraturc. Figure 3 shows the shift in heat
dissipation for diffe.remt relative heat sink ttmpcratures  for the
BAc 50-80  K cooler. ‘1’hc heat sink temperature for the
Lx?mprmsor  and disp]accr are noted, in that order, by each of
the heat rqiection cur-vcs in the figure.

~’he displacer heat rcje.ction can bc particularly critical
for designs where the displacer is supported off of a
cryogenically-c.ooled optical bench; in such designs the.
displacer heat must either bc absorbcxl by the optical bench
(and rejected  at the cryogenic temperature radiator), or
wparatcly  conducted back to the overall instrument spacecraft
radiator opwating  near 300 K, For the quanlity of heat
dissipated by the, displacer as discussed above, it would be,
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l’i.g. 2. IIeat rejection distribution with the llAe 50-80 K
compressor and displacer at the same heat sink
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l’ig.  3. IIeat re:je.ction distribution with the BAe 50-80 K
compressor and ciispl~ce.r at unequal heat sink
temperat u m.

extrmdy difficult to re:jeet the heat at the low temperature
radiator and is therc,fore, piped back to the 300-K spacwraft
radiator, Unfortunatc]y,  the cold finger is usually locatd deep



. . in Ihe Inlcribr of tlm instrument, requiring a ]onfi massive
thcrlivil  Condudane.c link txXwem  the displacer intcl-face
ftan:c  and IIIC 300-K spacecraft radiator. “1’hereforc it may hc.
dcsil-ahlc. to maintain the disp]acc.r Imdy tcmpcraturc (hc.al sink
tt~[l]l>(>.l-atllrc)  tit lcvds  higher than the. compressor body
tcnqwat  (Ire 10 mini n)i7.e the, heat rqjcct ion from t hc displacxr.
in fact, this can he facilitated in spacecraft designs where the
cryocoolcr cornpmsor(s)  can he ]ocatcxl a t  or  near  the
spacecraft radiator.

1 I1{A’1’  lN’J’I;RCI;P’1’(IR  PI{ Rl;Ol{MANC];

Mairltaining the. cooler heat sink te.rnpcratures  as low as
Jmssihle.  provides a potential 10 to 20 Yd pcrforl~~ance
inlprove.rnent  to the cryocoolr.  r. 1 Iowmmr,  a much Iargcr
inlpmven:e.nl to the. cryocooler eflicicncy can he made by
a(tachinp, a thmnal  stl-ap to a point along the coldlingcr and
lL?lllOvi Il~ ht’.at  to a cold tt’.n]p~ratlrI~,  Sink. At this intermediate
position along tile cold finger, tlw themal strap intercepts the
parasitic hexit load from the warm end of the displacer and in
addition removes a srnal I amount of heat from the gas.
IIccaose the heat content of the gas is already much mdoced
at this inlwmdiatc  tcrnpcratuw, the amount of heat rcrnovcd
at the cold finge,r wall has a significant effect on the nmas[rred
per-for-mancc  of the coc)le.r,

liXI’Iil<l h41;N’l’AI,  MllASUREh411N’1’S  - Ilach of the
l\ At? coolers was instrornented  and operated in JP1,’s  off-state
thermal conductance test facilitys. in the facility, tlw
cold fingtx is enclosed in a vacuum  housing together with ttle
cold finger of a Gifford-h4cMahon  (G-M) cooler, which
provide.s the. cold sink for the IIAC cold finger. l’he test
conliguralirm is shown in J;ig,. 4. The BAe. compressor and
displacer were. mounted to heat sink plates and maintained at
20°C with t h e  a i d  of a  re~irclllatin~ chi]]er to insLrrL’

repeat ahi] it y hdwcxm tests. A flcxihlc copper thermal strap
was nmchanically  attached to one, of the two StiffL>JliIl~  rings
n~achined into the llAe. cold finge.r, as shown in I:iS. 5.

l;ach of the IIAe.  coolers was initially opwatd  at nominal
compwssor and displacer s[rokes without the thermal strap
atlached to t h e  co]dfinp,cr to ol>tain a haselirw the rma l
performance. ]oad]ine against which the s~lbs~qlrL?nt  thermal
pL’.rfOIllHHlC~  ]rradline.s taken with the thermal  strap would hc
compared. ‘1’he copper flange, was at t ached to the. st i ffcning
rir]g to nw.asure the temperature at the stiffening I-ing. lndiom

foil inserted hetwccm t hf. st i ffming ring and the flange imwrcd
good thcrlnal  contact. ‘1’e.nlpe.latllrd.  llk?aSllrt’JIK’lltS  W’L’.IC. Il)a(!C

with a silicon diode. mounted to the ilangc. ‘1’hc nominal
ternpcratorc at this stiffening ring during  the txtst:linc. cooler
opL?lation” was 250 K, and was okrved  to incri’ast? by 10 K
()\ fL’.l the rtin~e of coldtip loads tcstd, No attmpt was rnadc
to maintain the stiffening ~-ing at a constant ternpe.raturc  during
tllr. haSL’linl?  rl)c>astlrcll)cr]ts, thLls t h e  a v e r a g e  tcn]pwrture f o r
t hc st i f’lcming ring is osed on the suhseqmmt fip.orc.s.

Next, the fle.xih]e copper thermal strap from the G-h4
cooler was attached to the flangt> on [he. stiffening ring. ‘J’he,

tlc.at-irltt’.rcc.l)  tor t~ll)p~rdtllrL? w a s  re:olatcd using the G-h4
cryocoolcr together with a rwistivc  lwater  on [ht: the.rnuil strap
driven by a 1’11 ) t tmptmt  urc cent ml It’r. 3’he cent ml Icr was
ctipahlc of maintaining the stifft~ning ring tCrllpL>r4t111-C  t o

w’ilhin O. 1 K. Slow sprxd stic(ion tcsts(’  were ron at 0,0021 Iz,

l’ig. 4. Ilx Jlerilnental t e s t Se t -op f o r hea t
interceptor/cryocooler performance measurements.

l:i~. 5. 1 Icat interceptor attachment rlc.sign for coldfinger
stiffening ring.

on the cold displacer to verify that the thermal strap did not
put a side load onto the co]dfinger sofficicmt  to cause displacer
ruhhinx  to occur.

With the. thermal strap attached to the coldfin~cr, thermal
pcrforlnance load] ine.s were r e p e a t e d  w i t h  t h e  same
compressor and disp]accr st roke.s iis in the l>aseline. case whi It:
maintaining the hc.at intercept temperature at 150 K, and them
] 90 K. ‘] ‘J]is enable.d the dete.rn~irlat ion of the, improvement in
tho thermal performance. 1 ,oad I incs were also measured with
reduced compressor strokes for both the 1 SO-K and 190-K
hL’.at-int~rcLl]~t  tt?l))pL~latlllt’S to clctcrmine the. reduction in
c.omprmsor  input power possihlc while maintainin~ a constant
cooling load and tcrnpcrature.

}<t!sults  of the ioadlinc nmasurcmcnts  for the llAe 8(I K
cryocoolcr operating undt:r the diffcmwt operating conditions



“ are ~llown in’ the multi-variab]e plo( in Fig. 6. “1’hc n u m b e r s
along the load-lines represent the measured coldt ip
tcmpcratm-w  at the spczific coldtip loacls. I“hc so l id  l i ne
represents the baseline thermal performance of the crymoolcr
without the application of the heat interceptor to the
cold fi np,er. All other loadlincs were taken with the thermal
strap attache41 to the cold finger stiffening ring and maintaining
a heat intercept temperature of 150 K or 190 K. l’his f@we
e.nqhasizes the reduction in compressor input power possible
when a cryogenically-cooled thermal strap is attached to the
displacer cold finger. Note that for a 61-K colcttip temperature
and a 500-nlW cold tip load, the inclusion of the 1 SO-K thermal
strap reduced the compressor input JJower  from 30.7 W to
14.7 W (a 52 % reduction).

Figure 7 provides a clearer representation of the
enhance~l coldtip performance obtainable with the heat
interceptor while operating the compressor at a constant 7.2-
mm compressor stroke. These loactlines show a significant
improvement in the attainable cold[ip temperature for any
given cooling load, l’he Ioadline  curves also show that for a
given coldtip temperature as much as 300 n)W of increased
cooling capac.it y could be achieved with the 150-K heat
intercept temperature, and that this increase in cooling capacity
is aecompaniezt  by a 3-W demme in cooler input power. For
a coldtip temperature of 60 K, this results in a net
pcrforlnmce  improvement ofover75  %.

R e s u l t s  f o r  t h e  IIAe 50-80 K  c o o l e r  loadline
measurements areshown  in Figs, 8 and 9. ~’t~e~lllllti-variatlle
plot in Fig. 8 shows the Ioaclline.s measured  for the coo!er
operating with different compressor strokesamt  heat intercept
te.mpcrat ures. The solid line represents the baseline
performancem  easuref orthecooler.  ‘fheother  loadlines  were
ohtainwl  for the cooler with the thermal strap attached to the
cold fingw. Similar to the IIAe 80 K cooler, utilization of the
150-K strap while operating the IIAe 50-80 K cooler at
constant  cc)nlpresso  rstrokeresult  sinanonlinal IO-K reduction
in coldlip temperature along with a small reduction in
compresso rinputpower.  Fora60-K  colcltip  ten~peratureand
a l-Wcooling loact, the 150-K heat intercept strap reduced the
compressor input power by 18 Woverthe  baseline operation.
]iigure 9 shows a nominal 300-nlW increase in cooling
capacity when operating at the 150-K heat intercept
temperature for constant compressor stroke operation of the
cooler.

During the testing it was confirmed that the displacer
electrical drive power, which is typically very small (cl
watt), was not affected by theacklition of the heat interceptor.

ill; AT IN TERCEP’I’OR CA1,  OR IMETRY
MIiASU1<T3hf}iN”l’S  - During tests with the BAe 50-80 K
cooler, a heat flow transducer was inserted into the. thermal
path of the heat intercept strap to measure the heat flow out of
the c.o]dfinge.r wall ancl into the heat interceptor cold sink.
The. results arc shown in Fig. 10. For 60-K coldtip
temperatures the quantity of heat removed via the 190-K heat
strap was approximately 1,1 W, and for the 150-K heat strap
the heat removed was approximately 1.7 W. The heat flow to
the 150-K strap approaches 2 watts asymptotically for col(ttip
tempcrat ums above 100 K.
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l~ig. 6. l’hermal performance sensitivity of BAe 80 K cooler
with heat interceptor.
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Fig,  10. 1 lest flow through J3Ae 50-80 K cooler heat
int crcept or.

CO I. DFINGER }IEAT C O N D U C T I O N
MI~ASUREMENTS -Parasitic heat conduction measurements
were made at the colcttip of the BAe 50-80 K cold finger to
ctetcrmine the change in parasitic heat load along the length of
the colclfinger  resulting from the attachment of the heat
intcrcepl strap. These measurements were made by adding a
second G-M cooler to the vacuum  chamber, its cohlfinger
being used to cool the col(ttip of the now non-operating BAe
cooler to typical flight operating temperatures. The beat flow
transducer was inserted into the thermal path to measure the
parasitic heat load as a function of BAe colcttip  temperature.
As expected, there was a significant reduction in the measurd
parasitic heat conduction for the cases where the heat strap
was attached to the stiffening ring. The reduction, shown in
Fig. 11, was as much as 150 nlW at a col(ftip kmpe.rature  of
50 K (or about 60 %),

SPACECRAFT DESIGN IMP1.JCAT]ONS

The hybrid cooler/cryogenic radiator is applicable for
both earth orbiting and deep space missions, and enables
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liig,  11. BAe 50-80 K cryocooler  colclfinger  off-state
conduction.
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several significant design and operational improvements for the
spacecraft and the spacecraft instrument. As noted above, the
incorporation of the heat intercept strap to transfer heat to a
cryogenic radiator can provide significant enhancements to the
cryocooler t}~ermal  performance. With a 150-K temperature
heat i n t e r c e p t o r  attached  to the cryocooler  colclfinger,
cryocooler drive power requirements can be reduced by as
much as 50 %, or equally important, the 60-K refrigeration
capacity of the cooler can be nearly doubled.

For spacecraft instruments which have ruled out
mechanical cryocoolers because of the cryocooler  inptlt power
demands, the inclusion of a cryogenic temperature radiator in
the spacecraft design and utilization of the heat intercept strap
may be the enabling feature-s that pm-mit  the instrument to
incorporate cryocoolers to extend mission lifetimes or to
enhance mission oh.jectives. The use of the cryogenic radiator
could be extended to provide cryogenic thermal shielding
about the deteztor to reduce the radiative load on the detector.
For small missions where the parasitic heat load from a
redundant  cooler may have been comparable to the detector
cooling requirement, the utilimtion  of the heat intercept strap
would  also reduce the parasitic load from the redundant
cooler, making its inclusion into the overall thermal design
feasible.

For low earth orbiting spacecraft, cryogenic radiators are
caJ)able of operating at temperatures around 150 K to 180 K.
Radiator performance is highly orbit ctepenclent and mission
dependent, and may vary in re:jezt temperature with each orbit
or with each instrument experiment cycling on and off.
l;ortmately,  the major enhancements in cooler performance
h a v e  occured  by the time the cryogenic racliator/heat
interceptor has reached 200 K, thus the operational
performance of the cooler is reasonably insensitive to
cryogenic radiator temperature fluctuations occuring below
200 K, as can be. sear  in Fig. 12.

Besides the improvement in cryocooler  performance,
there are significant spacecraft size ancl mass savings as well.
To assess the potential benefits to incorporating the heat
interceptor conceJ>t into a sJ~acemaft, it is useful  to examine
the performance improvement to the BAe 50-80 K cooler as
an example. ‘Me measured performance data from Figs. 5
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Fig. 12. Normalized cooler specific power as a function of
heat intercept temperature for various isotherms.

and 7 show that oJ~erating the L’Ae 50-80 K cooler with the
1 SO-K heat interceptor while applying a 1 watt refrigeration
load at 60 K, results in a 18-W reduction in cooler drive
power and a conduction of 1.5 W from the cold finger into the
150-K heat strap.

The 18-W reduction in electrical power results in a
reduction in solar panel area. Assuming a soJar panel with an
efficiency of 8 % for converting sunlight into electrical power,
and a solar constant at earth of 1356 W/n12, the solar panel
electrical power productivity y is approximately 110 W/n12.
‘J’his suggests an associated 0. 164-n12  reduction in soJar  panel
area, There is an accompanying reduction in storage battery
size as well (the storage battery is needed  to continue the
operation of the spacecraft as it passes throllgh the earth’s
shaclow).

The 18-W power reduction also means a 18-W reduction
in heat being dissipated from the cooler to the 300-K radiator,
while the. 1.5 watts conducted from the heat interceptor to the
cryogenic radiator will increase the size of this radiator.
Assuming both the 300-K and 150-K radiators have an
emissivity of 0.9 and ideally radiate to deep space, there is a
resulting 0.043 mz decrease in the size of the 300-K radiator
and a 0:058 n]2 increase in the size of the 150-K radiator,

I’hm.e dimensional changes can hctter  be assessed in
terms of the mass adjustments to these components. Mass
allocations typically used for the solar panel/storage batteries
and for the 300-K radiator are 0.25 kg/W and 0.1 kg/W,
respectivcly7. The 18-W power reduction therefore
corresponds to a potential mass reduction of 4.5 kg for the
solar panel and 1.8 kg for the 300-K radiator. Using a T4

ratio to estimate a corresponding 1.6-kg/W mass allocation for
the 150-K radiator, the additional 1.5 W of heat rqjection at
150 K WOUld add 2.4 kg to the mass of the 150-K radiator.
The net decrease in mass suggests there coLIld be a potential
reduction in mass for the support structure for the solar panel
and radiator. The order of magnitude difference in the heat
fJ20w (1.5 W vs 18 W) between the 150-K thermal strap and
the 300-K thermal strap (or mounting interface structure)
carrying the rejected heat to the respective radiators suggests
there could be considerable savings in mass there as well.
Assuming, for exanlJ>le, that both thermal straps were made

of copper 20 cm in length and had an end to end temperature
drop of 5 K, the associated change in mass woidd be 3.1 kg
for the 300-K thermal slrap and 0.26 kg for the 1 SO-K thermal
strap, The cstimatezt mass savings is sunm~e41  up in Table 1.

Table 1. Example mass savings resulting from use of 150-K
heat interceJ~tor.

Solar Array /flattery -4.5 kg
300 K Radiator - 1.8kg
150 K Radiator + 2.4 kg
Compressor to Radiator Thermal Conductor -3.lkg
} lest Interceptor to Radiator Thermal Strap -I 0.3 kg
S/C Support Structure unknown

Net Mass Savings 6,7 kg
- ..—. ———.—.

For rlecp sJ~ace missions it is possibJe to rejed heat at
tenlperatures as low as 40 K. This provides the opportunity
to rqject heat from the coldfinger at even lower ternpcratures,
or to reject the heat from the first stage of a two stage
coldtinger.  This is expected to further reduce cooler drive
power requirements, potentially enabling the use of < IO-K
cryocoolers for dezp space missions.

A reduction in input power to the cryocooler translates
into oJ~erating  the cryocooler piston and/or  displacer at
reduced stroke. This provides another benefit to the
spacecraft as it results in a reduction of the cryocooler-
gcnerated  vibration and EMI levels being transmitted to the
spacecraft, and as well, reduces the stress on the flexure
springs which can effect the overall reliability of the cooler,

SUMMARY

The cryocooler  performance sensitivities to heat sink
temperatures present ed above. show the importance of
maintaining the sJJacecraft  ambient temperature as low as
feasibly possible. It is important to note that the heat rqjection
distribution from the cryocoo]er  compressor and displacer is
depe.nde.nt on the relative temperature differences of their
respective heat sink temperatures. From a spacecraft mass
perspective, it may be advantageous to maintain the. displacer
heat sink temperature higher than that of the compressor, even
if the displacer is supportexl  off of a cold optical bench, to
reduce the size of the thermal link needed to transfer the heat
from the displacer back to the ambient temperature radiator.

The heat interceptor test results presented above show the
significant performance improvements with the British
Aerospace cooler, as much as 100%, when incorporating the
cold finger heat interceptor. The stiffening rings on the BAe
cold finger provided a convenient and near optimal attachment
point for the thermal strap. }Iere the parasitic load along the
coldtinger  wall was easily intercepted and removed. It is
anticipated that additional pw-formance improvements could be
made, for any given heat intercept temperature through an



,
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oprimimtion  of the regenerator matrix or by determining the
. optimum attachment point along the length of the cold finger.

It is expected that the performance improvements may be even
more profound for external regenerator displacers and pulse
tubm, where the regenerator and working gas are in intima!e
contact with the colcltinger wall.

The utilization  of the thermal heat intercept strap to
transfer a modest amount of heat from the cryocooler
coldfinger  to the spacecraft cryogenic radiator can provide
substantial thermal efficiency improvements that translate into
reductions in the electrical power ancl mass for the spacecraft
design. ‘J’he hybrid cooler/cryogenic racliator can allow low
power missions to now include a cryocooler  into the design
without a major power penalty, or to include a redundant
cryocooler  to prolong mission life,
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