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Abstract - This paper presents operating A F7AA 2L WEIY AR Fod 28
process and design method on the linear & ofzt BEAAT nAld FE2E 3 HgM A
compressor Stirling cryocooler for cooling A 7 S0 FAFA o] &9l o] u A&
infrared detector. The free piston-type =AM AMAe AMBEL HgCdTe., InShbet
Stirling cryocooler, which applies 1) the PtSi o], °F 80KOlAM 0.1 ~ 1W BE9
Stirling cycle. Ifor refrigeration, 2)‘ linear WEzao] g 7EQT}.

motors for driving, 3) ﬂexure.bearmgs for Aol ol wo] B Hrh 23 upol 2
support systems. and 4) fine gap for 23 By HE  0.75xmolael  AA 3

clearance seals, is the most suitable

. . (Electromagnetic wave) 2 A] 1800974
design for a mechanical cryocooler

William HerchelZdel Q& @@ HAd =Y A+

utilized in a night vision environment. Ao ZAElE OKolAte BE BAE 1 2%
dfgete BAE S WEdT A7 EASE
1.4 YrEe AL A28 44T 9A Bet %
ARG At R R A g HEde 228 AL
FAe WEAEe FFAe2 LARE A gaoow amel duan.
A Ai dF T AFE o2 AL B A vZH 48 5X9 ¥ ARALAI} ol
oA AlZE . oy AdHes i A AlgE Afstn dew oid sHAY WErvt
Aol shEEtAl ® AL ofFFEAIA G miAtd THHEL Y. o] W ALEHE FAL YEE
= AlzER e TAHE o R AMgE e A9 ae3 £ Ao ¥Fstn, &% At 7t
Axe] FAE Wztel AgsAl HHUM FEo| T 2EY YEU1E FE AR
o}, ol9} o] FALg o2 AMEE7] ARG FA A7 e A w AH4H A By
& WEs%e 198048 olHdE =z wZ 4 Linear compressor éEi"" BE71e A
AR W dH gAZ AT EWA 0T Ay S A de/Fx A @ A a3 A%
AT N JRAANG BAG g pdren  TEANERA D,

Al AAAd oz FAH 2A=, A7, Azl
8 7l 59 4 7 rle2A A E FA
HAYvt. oo we} 7} &8 FohEER U =
A YE717F AEEHdeH, AARELE B
T oA Al Stirling 34 W7, Hed

2. 26|18 4s7]9 x5 oH

Fig. 1ol 2H¥ WdEr7|e 348 E
o3 ok, J1E AL (1) ¥EFY 49y,
(2) 29Y7]1& A$ displacer, (3) displacer

(Pulse tube) FH& W&7] 9 & 10KAA ANS YA SANTE 2ZF (4) BER
Gifford-McMahon(G-M) S A& ¥E71, sbe] A7 W@, a3 (5) YEEZ ol2olA
Gifford-McMahon/Joule-Thomson  (G-M/ o}, T3 2o PV AEE Uy 7B
J-T) A& d%E7l, Joule-Thomson (J-T)= Aol 28 F2dE, 5%, 29, 4%
AL ¥E7 53 2ol dALFLEY 4.2K ] gel 48 o2 o] Folx Urt.

AR Aol A EE D AT o] o (el B&e Aagl 2o dELHE Fo
S uK 499 ewxx Tgo] slEa AAo] T 4Ed8Foln, d5de daddq o) %4
. 5“4(:30‘3—) % o] el M 2 displacer 9
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(2]9] B&e Al2"lye] AFe] HAZ Hof §F
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e 2y Hgo 9] FHIFCE Foter]
) Fol dH7lae FWrIE FHINEA BT
o2 ol FITHETAAA).
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Z7tsta] sfo] dojdn}. azlm R HE 9
dE FFstd d¥yo] Hux dr] BfE &
WZtsHA (T8 A).
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(4)9] T3 Pz 7txe YES S¥7d F
WA gERZ o537 FAld displacer® F
A2 Eoloy] W&o 7txart o] F (T A
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Fig. 1 Operating process of the Stirling
cryocooler
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3.1 dAl e

YE7124 875 E ALYE Table 1o e
WAt WE Alo]Zd] ALEE AEF Alo]E9
FEL oARcRE S22k AlolF9 A& F
3 dg WE Al EFd b Eu. TTKAA
0.75We YE5dLe & 279 oz &
#ie 5000412 ol%F9 WEFHL 208 %=
Weirzle Aoz dAstn Ut

Wx7ld 8F3He dEIH} 27YgES U5
e HABP2E Faskd Table 20| JeERH AT
TEINFEMNE £BFF FAAA nIHE
EAo] zE27td e Oil-freed 7t &o]gk
zZ7} vpaAsit, REE Y S Py F

AE FEFIHSF Ao FEH Ao Fol 7be,
LE7tae] 3ol gl dHTx, WAl ¥
L FAR Fz7F AGEg, AAFE L Hojd
S HHE e JER HAER YAVE A
dy F4ldl FAEE W], 2ol 8T8
AojAdo] FAME B4H &2=F dFA 74
&7 93 WEsy Ao, AEFEES e
283 #@3r1e] AFHLA Ao, dHHY
2AFE Aojsle AA Ao Fol uigA s},

olel 8FE WEFdle HZAFREA FFA
2 Yol AF ARdolHE B FHHe o]
28, AAXAE Flexure bearinge2 TAE
Free pistond 2H3 YF71& At =
8l seal®E fine gap sealZ 3t7] w &
oil-free7t @A W A& Asl &
=719 W9 E 2EE F JEE g RHY
A8 ALE sM¥stE WS AMggY. Yo
2EY 42 FJ2g T4l F2 moving
coil typel & &},

Table 1 Performance of cryocooler

Specifications

Stirling cycle
0.75W at 77K

Items

Refrigerating cycle
Cooling power

MTTF 5,000hr

COP 0.03
Cooldown time 5min.
Configuration Split linear

Table 2. Optimum structure of cryocooler

Omlinum‘s!wmuu :
Driving mechanism Qil free 3 .
ree piston type
Controllability of
Motor . frequency, force, etc. ]
Hermetic seal Linear motor
Non-contacting »
. High centering Flexure bearing
Bearing accuracy
High stiffness
Fine gap seal
Cooling power
Control Piston/displacer .
displacement displacement
Vibration control
Driving Sealing
Structure structure
3 Moving magnst type
€ linwsr motor. drive with
5 magnet bearings
Moving magnet
= Moving magnet type Fine gap sealing
2 linsar motor drive
E
k-
B ilw' '”I::“;"l g’b’:. Moving coil
c
r
E Ahomble drive Crank c'o::ocllng C:I::;:l':ry;:t
:
3
short Long
Life-time
Fig. 2 Technical difficulty of Stirling
cryocooler
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Ztg 28" WE71e sun 7123 dolx9
BAE 3T AHE Fig. 29 YE WLtk 7
& 7leE AL¥ 4 A+¥E crank connecting
rod 7I7E 7K @79 vl glyo] mEd]

o3 FEHE free-pistond WENE FHAE

Asl g Aol Sl 1EH dolme wAY,
Adel Zgshe wRggore gol st
7l W] AERe mmSol MM ol

F7Vete Aol Atk Free piston type o
ME moving coil typed 71&A dolxe} &
Fol ZHoA AAAoZ A zslr] b HEe
TZEE B 5 Y.

Performance analysis
of Stirling cycle

" “Compariso
specifications \

NO |' nwith |

OK

Vibration analysis of
piston and displacer
¥
Dicision ot
components dimension
[]
Fabrication

No_A §™ Gampariser with
=0K | specifications __ |

Fig. 3 Design diagram

h Gap spring characteristics, :
plston and displa. slrokos m: :

—-

i Linear motor, fie © bearings,
piston and displacer H
. diameters, otc.

o
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(1) =558 E 7122
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At 2 Yo} ZE
= ZV\] 3t Wolg A Al A
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o EMR HAEIY. B ¥4 #A4Z2 Fesiy
Fig. 3o Yelddr}. o] FolX &3 Fg3 &
T2 free pistond &R AA F= (2)9
NEA HEO|LhH 7bx ~Zal L oj8a JAE
A9 E YoM e JAEFH Ady Alo]e
ASolvt AEFiel HE B4 ok ut
otst= Aol wl¢- ¥},

3.2 45 sy U 7|2 MA

3.2.1 4= &4y

2B BEre A% dia WL 34 571
2 vE g,

(1) Ideal Stirling cycle
- isothermal and constant volume
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process
void volume zero
piston and displacers with
a discontinuos motion
perfect regeneration
no pressure drops
(2) Zeroth-order analysis
- use experience data

- Qr = 10 pfVT. for large Stirling
cryocoolers
- COP = C (T, / (TeTy))
(3) First-order analysis
- isothermal and constant volume
process
- perfect regeneration
- piston and displacers with sinu-
soidally motion
~- instantaneous pressure is the
same throughout the system
- no leakage
- no temperature gradients in the
heat exchangers
- mechanical friction effects are
ignored
- mechanical friction effects are
ignored
- ideal gas equation
(4) Second -order analysis
- First-order analysis with various
parastic losses
— process compression and expasion
could be between isothermal and
adiabatic
(5) Third-order analysis
- modelling the simultaneous energy
and fluid and fluid flows occurring
in the cooler
- solving equation for the
conservation of mass, mometum,
and energy for particular nodes of
the cooler
3.2.2 712 MH

2B WE7] AladdAe] qtg wigle ofy
o] Noz AL}

Pczpm+cyy+CxX+CpcV+Cdcu

Pe=Pn+ Cyy + Cxx + Cpev+ Cgets

Pe- Pc (Cpe CpcV)+(Cde Cdc‘.l)
=Cppv + Cqqu

(1)
(2)

(3)

4714 Pn
y =

It

X
A
u



P. = 5% 99
P. = 3% g9
Cy,Cx.Cpc.cdc,Cpe,Cde = }E}-'/F_

BE5H (Qeo) T AH(Np)2 ol ot

Q.= ana’de—-nﬂ'C}xySdSin‘ﬁdr (4)

N,= ande=——n7erxyS,sin¢d, (5)

o714 n= HFFas
S¢ = HAF @A
S, = ¥EFF ©HF
dVg Sadx
dVe = Spdy

Yehfo] At}

Mdd+(Pe—Pc)Sd+ Cvdu=0,
Mdd‘+‘ Cdded+ Cvdu=—C,,,)de (6)
Mys+(P.— P)S,+ Bylyi+ Copo=0 (7)

q71M Mg = BE7e AF

M, = :q/\i_,) zlak

a = WY HEE

s = NAE SR

B: = magnetic field in the gap
H2o 4 9}0101 Aol

AN AN Wzhe JB72A YEAClES
AHE Aol &, FEAE Yo REH, ARAZ
Flexure bearing, seal fine gap2 2 A& 3t
o 77KIlAM 0.75We WEseE & 7MAs 2H
g Yerle A% &a 9 AA dhie dsto
2% 3t 8% 6“’-‘4% 718 AAE 8 &
£317] o Zo A4 Zﬂ’—‘} 283 ¥5719 4
S3E 2 o7l UE FHoRZ AAHUY AF
NS Bal F2F A AAE AMBsA o
o2 Ty S8 Rotd E8EHE 2HY BEF7
£ A4 JHez §8% Aoz Ut
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