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Solid-Gas Chemisorption Refrigeration, Malone Refrigeration
and Pulse Tube Refrigeration
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Operation
Operation  Cost
Heat Complex Cost Complex  Complex
Gas Electricity ~ Cooling  Rejection  Compd  Hectric  Hectric  Compd  Compd
Cost Cost Temp, Temp, System  System  System  System  Savings
Application ~ ($/MMBtu) ($/kWh)  (F) (F)  COP(Gas) COP  (§/TonH) ($/TonH) ($)
Residential 5.00 011 4 % 10 2.9 0132 009 0,039
Heat Pump 500 0.05 (SEER 10 0.060 0.075 (0.015)
(Cooling Mode) 290 ol 0132 0.063 0.069
250 0.05 0.060 0045 0.015
Residential 5.00 011 K| 140 17 10 037 0.068 0.319
Heat Pump 500 0.05 0.176 0.060 0.126
{Heating Mode) 250 011 0.387 0.051 0.3%
250 0.6 0.176 0.033 0143
Refrigeration 500 on 0 % 0y 128 0.302 0.184 0118
500 0.6 0137 0172 {0.035)
250 ol : 0.302 0.108 0.19
250 0.06 0137 0.091 0.046
5.00 0l -0 % 0.3 0.7 0.509 0.2 0.281
500 0.05 0.231 0.210 0.021
250 0.11 0.509 0122 0.387
25 006 021 0.110 0121
2500 ~
2A-1H FAAEEIe A 9=
Gas Research Institute, DOE, NASA,
Southern California Gas Company, 2000 [~
Brooklyn Union Gas Company $2] x1¢
S Wwol 71H & E¥=E, M S WFn, o 10 }-
&% JH8 ¥E7l 5o & shdo] £
APH 1 Yok AFAR AgE 24-7)4] s
HAFRAYErY] COPE WEEwE7} =T
—57C ¢ 1% (single stage) ¥E7)2 4¢
0.40]3, FHE 39 FHZ FHL Yt so -
COP =1.2, ¥ COP =210°]t}.
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tube refrigerator)g} E#ch 2} 7R
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2 25 ed, 9714 me dFRE, Ce

cold end heat exchanger

pulse tube
hot end heat exchanger
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=
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At

s dERYET|= 7Y WED
WE7o) vl dE5exe YEEFE 3
A FFARHA T 2dHYE7IY GMYF
7ol HlEted ZF&A] 99 FEfagge
W58 gH@e] 2. A, g2 ¥F
£33 A7) YalM e Vs AFHAYE
719] AA7E B3stes AERAe AEh
g 293y Eriv GMYE7IY A7
& E0sle AERAe AHRFFECG Bol
of 3t} AA7E Faiste o] F71E
2 QA7 8] weolA A7 &4
o] A1, AEVe] 71AFH &4x AXD
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28 2E FAste AFHAY 2%, V,
¢} Ve 7] & dudvie HEad
A3, ye vgy, 181 Py A58 ¢
g Jepd, A& dugrig Asd
o] AAE EH3te Y A2 AHel A
&3 -85 (net enthalpy flow)& ©hg3 2
o] EHE = Urh

<Hz>=%_— [inCy Tyt

~5s oy
=Re UPV/dt (3)
2 (3ol A(2) 8 dYsE g 4 & I&

% qleh

1y Co oy T
<H{>—~—§?§UPV0 T, dt
Co | Ty V| dP.
+R‘tj0( Tfov"’ y ) dt dt (4)

Agre e Ao dAstnz oFua
g Egste AFF Ve A58 4
P} go| wWstste] Vot PAtole] 94airt
Aol flemz A(4)9) $ue) A &
s omch Ak zed, 449 $E9
=HA &g 23 <ol e Ao dA3
dP/dte F713Feluz o] &2 00 717
A gt F AYIE SH3E AFHFHFS
2 (2)8 ol F /e FFoz FHHEH
ANA 3Jvro] YEaHE d=d 713t
FHA e WE A r|oEA] EIot
Q@ yx AFIAYFrdE A (2)4 F
WA oz RHEEE AFFFol W
71 g sx) B3 AAY7E FHsAol
stez o9 ARfPFe] W8] 2"
PP E71G GMEE719) vistd 21 HA
WELEE ¥4 g}

o]l 7 #WE g% 7](double inlet pulse
tube refrigerator)+ $JollA A9 o2l
2 HeEddErle Bde sdstr] 9o
G718 Yee FE5RA7 BF AYTIE
23l MEHOE o] FsA ¥ 1Y 6
7 go] ARE uLZE FAIIIE Ty
Ay AEgog 7HA  Rolth F A
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(2)8 WEll 71datA Rate AFHA{Fo)
AB7NE THeIA 1 LS RIS
Bt HB@oR o|FEHE=E ¥ otk
14 69 (a)v FAXEL ol A
7b 2] AFVE ol & IHEEY

©

(a) Stage piston type, (b) Gas distribu-
tor type, (c) Gas distributor type with
valves

1 : compressor, 2 : aftercooler, 3 : regen-
erator, 4:low temperature heat
exchanger, 5: pulse tube, 6 : high tem-
perature heat exchanger, 7 : orifice, 8 :
reservoir, 9 :auxiliary compressor, 10 :
distributor valve, 11:high pressure
valve, 12 : low pressure valve

J8 6 0130+ WSHYE72 R/
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(stage piston type)el®, (b)& &7
I2Z Gugy] Apole] WBE HX 3}
A2 Fate T 12E JudE
gate {%e xdie 7taEE(gas
distributor type)olil, (c)¥ (b)e} #&
shjog §38 FFsht E7] il
1ngE WHe At WEHE wiE shH
o] HEAYFNWY] AERAE 45 H
A7 ol @I 2EF o)FYT
NEFAYF7E 7S] ABHT de 45
& AMEE F glo] B4 Azbsfof st
T3 AA7|e Fste AFFEH 1&F
dugr|g F3te AFHFE] FE4F71%
RZEQJET 9] @ Ao osie] AAYFHE

ll]ilIll

sUTHT

(a)

(b)

(a) : Two-piston type pulse tube re-
frigerator, (b) : Four-valve type pulse
tube refrigerator, 1 :compressor, 2:
aftercooler, 3 :regenerator, 4 :low tem-
perature heat exchanger, 5: pulse tube,
6 : high temperature heat exchanger, 7 :
high pressure valve, 8:low pressure

valve

a2 7 71 HSHYET|

2 A&3le) oz AP Ut 7tEE
A ol WEAYEI= 7IEY 4F
71E A" F e, A2 ke A
FHEY 125 duFVE F3s AHF
FS YWEE A3t 2-E F U7 "WE
o Wxerxol w3l ul2 HAFA
AEg 5 e FHE 2o oM A8
9] 7tEAe] @ A2EYP R AY, 1d o|F
7 AEHYFUINAM HdEgHos A& H
A YeerE 42Ko|,

29 78 two-piston type HE#HYE 7]
¢} four-valve type HEHAIF7|E RAF
£H, °oAER oFYT HFAYF7I%
pol MA7|E FEHee AFRFS T4A
7 A dE EHRe FEFAE F B
A AEAA g Y5 LTS Eol
12+ 3= #eo|th Four-valve type W&
e E HAA YE2EE 30K ol
72 don YELE 55KelM e HE &
2 10Watt Ao,

5% = ¢

AZAA F714E4] W58 AT o
ctog AAE M2 WA HF7E F
oA-714 3shE22] W], Malone ¥F
7, HEHEEre ALy FH &
a7NE ol WE7E td At
e @A AR A dPdH e AAES
Azl e Ay FEs A% A+
7} I Y DA, H83E 98|
e dfAd=Hoor & A yrtA BEAPE
otk 18y, o] ¥E7IE2 25 CFC
A Bl s ALgER gon, HrlEe] of
d dQ7E5(aA-714 sstEEy), 2%
(Malone), AR (AFAYE7]) T

FuEe 21 Yoid oz 84 b

He We Agm AgHnE, ShlHE
BUe 2 ATE AFslor & Eokew
A ztech
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