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The R & D on the Periodically Operating Absorption
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SUMMARY

I. Project Title

The R & D on the periodically operating absorption heat pump

module

. Project Goals and Significance

The module type rotating adsorption heat pump using thermosy-
phons as an internal heat exchanger was originated in the first year
of this project. The second year's goals of this project are as
follows ; One module of the heat pump is designed in detail,
manufactured, and a series of experiments will be performed with
this module.

The significance of this project 1s as follows ; Many changes have
occurred to the residential cooling methods In summer time according
as the consumption level was enhanced. The active cooling method
such as an air-conditioner has become popular. Most of resildential
air-conditioners are compressor-type air-conditioners. Compressor-type
air-conditioners need high electric load. That 1s one of the main
reasons for the severe shortage in the supply of electricity.

The absorption heat pump which 1s operated by gas is presented

as an alternative. Because most of absorption heat pumps need



solution pumps, small capacity absorption heat pump has no
economical feasibility. As the periodically operating small capacity
absorption heat pump module needs no solution pump, this heat pump

can be applied in various field of heating and cooling.

. Project Content and Scope

The project content and scope in the second year are as follows;

17 The characteristics of thermodynamics, heat and mass transfer
in the water-zeolite system which are used for the working fluid
and adsorbent were studied.

2. The thermodynamic calculation for the adsorption heat pump
using thermosyphons as an Internal heat exchanger was
performed.

3. One module of the rotating adsorption heat pump using

thermosyphons as an internal heat exchanger was designed. The

module and the performance testing facilities have been manu-

factured.

IV. The Result of the Project and Suggestion on its Application
One module of the adsorption heat pump using thermosyphons as

an internal heat exchanger was designed in detall and manufactured.

Experimental data will be used as elementary data for the design of



the full system in the third year.

The adsorption heat pump module will contribute for the
relaxation of the shortage of the electrical power supply in summer.
As the distilled water 1s used for the working fluid, there 1s few
probability for the ozone depletion. Besides the module type heat
pump makes the design procedure easy. To connect the result of the
research with commercial product, accompanying research should be

performed.
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BRS ] 0869 e et adzz x5 AdHdae oA F3t
o] g3 APAE AL ¢ & Utk FHHAAE 2 dEE o
Aol A e} 2Tk o] & M| o Foleo HH FHE WHIHAIR o
A wisle F3AFe o dH3lE BAgET.

A% AZTolEL 73§ Fol&E Potassium(K)oz n@ Aj7|™
Calcium(Ca) o2 DEAHPS Wi AAS57 A EH(F42 FHF). &

o] AA HUL dels AR A4E © 0028 = 01%AE AT

E42 A8 ALdolEL ole =F EF

% 8 | 44454 | ZaaRdAc 25 (g/a) | HO
Nap—A |  12.32 1.99 27
Ko—A | 1231 2.08 24
Na;:Mg,— A 1229 | 204 _
Cas—A 12.26 2.05 30

53



Mayer-Laxhuber A ZEolE/E Wi FHLE AFE 3

SRt I A¥A Y3t A ZFHolE(13X)/EH A LgrolE(MgA)/
2] Log p—1/T AHA=E WHEAW(TH44, ¥945). Rothmeyers=
o] AIo] TATIH olF FAHA/YW Yo WiF¥F h-x HEE
Al AR (21-H4.6, 1H4.7).

FHZE AgA] $HeE 50C, FEE 0CY"W F3pgko]
22%7tA =¥ ¥ F dvde A& ¢ F At zHyt FAH W
9] o]9le] M-& Extrapolationd] 23 ZRolr] wWEed 30%AES <
27 JeEld 4% AtHal  Mayer-Laxhubery= B3 vk A
+E& 200C2 JMAstd FERHEL MgA¥e A5, 14%, 13Xe] 7
% 12%-°]t}-

PkAldls $HLE 35C, FLEx 5C, TAUXE 200CeA
FAEL o 17%7F vk (13X9] 73-9)

Mayer-laxhuberel] ]38 MgAgo] dHEIZ(I)e JFERA=Z=

71 43 Roz AdHY. 13X AS AF7A IHEo=E

ITE Ho] UMk




66

P{mbar)

Ln p- /T DIAGRAM
2000 for Zeolite A

1000 DEGUSSA TYP EI9

500 |-

200

100

50

20

1O ' _

O 10 20 30 50 80 100 H20 140 [60 200 240
T{*C)

14 44 A Z=olE MgA/Eel Log p—1/T Ax

el . APl TR SRy

300



94

P { mbar )

2000

Jolole,

500

200

100

n
O

20

1O

Ln p- I/T DIAGRAM

for Zeolite X
U.C.C. 13X

O; o
|
- e L L LS (L L L [ L]
O 10 20 30 50 80 100 120 140 160 200 240 300

T (°C)

1Y 45 AL&TolE 13X/E¢ Log p—1/T A=



LS

h{ kJ/ kg Zeolite )

0.0

1Y 4.6

h-x DIAGRAM
for Zeolite A
DEGUSSA TYP EIS

10 AS

x { kg Water / kg Zeolite )

A &etolE MgA/E2 h—x Ak



8

h{kJ/ kg Zeolite)

O
o
<

400

300

200

(00

1Y 47

h-x DIAGRAM

for Zeclite X
U.C.C 13X

x { kg Water / kg Zeolite}

A-2}olE 13X/E9 h—x A=



e 300CE z#se A¢E Uk
de)7tAe A& 100Cycle Fol F2 FHol 20%P2sm
%9 400Cycleo] Wald 10%7 o gagces ol LA Ued

o] ol LAEEE 150Ce BASNAL o Ee A 2xolA

= 3z g9 A ©L AsdA 400Ce 2B LTA=
o ghHe] CycleFd F3 8ol ¥yEo HHACGh

Az Y AZolEr F7|FAA 500~600CH=7tA ]
o] glo] 71E4¥ + Utk © EL 2XdANe A LolEE
o2t HZgHoer ISrE AL A FTE M= AETolEYH
felsk ge BAY g4z Wtk

o] W3l &xv AEHolEY AR {KFH Fole FHA o
2t ZAA ¥ Piguzovarw 4A, 5A¥FH 13X¥E A &HolEY UAA
of el AFstdTh dF AR 3FFY ALHolEVL FFUt
e Atde REF 600C7A tAsH I ofide 2= 4A

} ge % ZRng wy g3 "HoE el urhuth

olAe] ANZRE AZTolEe E FHIE AL £ ¥ QoA
AL AL AU FHY sT7] U] Tow AL

HER Hagh.

59



7h 57l EA%e X YPeo A TtolEe HAA

Na—X#&eo] #ALTolEE $£F7|9t 4 350C= 8NN §2%
A EFFRFHL 356FZF%NA 53FFRE FAF)

Na—ol2& AR n@gstd 2L =dsdry FF4 59
= ©A 304-AF%E AT, KU Cagdoleoz IS dols=
P2 obF T FTIEH Cedol2oE IE|IIA FFHFH 2
&7 21%9 Y. AY RE ALHolEr FFUF EASE
A Me ol I3 JFHE e

Al Lelol EUloj Ao etgtrBo AlFAlAA oW AL LS BAZ
Zpe}  upgolx FoE  ZPHtE 2H7] W) SiFgfFFe] B
X8olup Y& A LeolEs <¢rAsich Sisk Ale] HlJP 1590|491 A

$-dl= 410CIA = WA A=t

+

5%Z7] ZAse AY AgHolE IHA
Wolf5& A &eolE A¥e] Ud F379 =Asty 93 ¢
HHe zZASAT. 25 Yol EF9 ol IFE Ix
FZ719] B, A¥ne AE WHIATIH AT

AL AHL&EolEL &E¥ 300~600CAle] F&E7Ite 12~
610 TorrAtolol A +HEATE APAH AAFzY 3 e Hste
&z7igte] A@A7le] WFE B Re: Ueigth Na—-A¥ AL

olES] B¢ A% F3viE AZHE 600CAA 2 F¥FE AR



gH A¥ A&TolEVT JHE dFsibdeE Aot H4FLE 600C,
7% 714610 Torroll A 7A|Zte] ZHas oz Mgiol2 nEgo] 30%
A AE A FHeHol AFHA @FUTE o] AFEo] olETh
AAY FAL BEe dAHAHel AsHUU-

Wolf59o] 43 FE3 2 228 FF7] ¢4HoAN P3d
AL dHZ Z2AXoM AdFHLE HkEHe F7{(Cycle)ol =AHA
YHE Berh WEAHJ] SxWEI & wel 83 dHAHde A
7t 8] F¥de <AFeol glemz olyd g U3 A|LIolE

o] Ey <A Wi A4t BAY Zolh.

3. Hg
F44 Q¥T AFAdAe FFAY Hde ssEd Fojok
dth §34 9¥zZo dusrg w@E FHA dLde o
Bxe] 45 AsATh
AR XY AggolEe Wde lki/kgKYzolth A Hd
ol 9 HAE ALHolE e ARFE AX e 2o 7
ez HFsd "k AAe UF B AR WAd dFL A

BHA AAfe .

BYE FHALL FrFo] AgeelEd] AN A A= ofo}
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doh. durle] HAE AdAe FHLE HoMe JHI ZAAF
ojtt. F&FI ol wWE dPZ A& FolHW ALelolEg
TAH7] Apelel 2EAE e Fookdth. FAGEHONAM F3F
o] AATHe UF AHIHA godd dHE HWIE HI: A
geto)E FE A steor I

G78ol7h BA FHdAMe EAE&e dWdoz dARE
Alzzel 4Rt R 34 AgHe AgdolEs £y 47
o] (7%, AHAYUCF)FHlH. ETZH] AITlEe FF7Y 4F
stk UF AM dgzed  AgE £ glow T "Iy ¥
Fo] WHY #& e dEx Ut

Volkl2 o7] <L7Bo] FHeje] A ZzlolEd did 29 64

C~216CoA JF&FF xE 4%°A 33%=2 WHIAIY EALEE
2R39th FAEELS  1=013~020W/mKAEo|Pon =& o

2o exsl ®e EFAFIM vehwith

Al o3 adE AYE & U

Krischer9} Kaoto] 23l & Aagd FEA dAxEw 1

=4.7TW/mKAZ =2 o442 < 3ok old HEs g 3E =

= o34 BdY FEYAEEE Y480 EAHY HrHe 2y

HQl AS Apolel Feigieh

Hol 97 w42 Zred. AR 4L AsdE T B Aold



Case Z

0 | 100%
POROSITY
o : Measured by Volkl

29 48 tF3Ygd EZCdAMY EFXx

dAxxrl FEAFHo=R g UEUA doh olR2HFE A STlE &
8ol oM e X7 AY AAs gk AW Atolo) &
Lxz27F JEidte A4S ¥ ¢ Utk Y Al&FHe B R &
YolE FEl AL sE2s FEUIAY FFeE o] EaE AA
el A e a8y @EIZAYE "I Al&Ee Hfde 7
olEE F Ao F HE I dAse Aol JAZNA LhoE %
= ZAET dgEA"® Aot .

e =429 dAxRIE BEFI HFozxE QAo 7jAl &

Hirel £F072 "Hold uoe AR W3 2E Ka Fr]e

HE%w Mean Free Path?} Z4AHE Alo] 33



Imbarol| 4] Mean Free Path7} 0.0dmmAxo|t}t. H-ZElo|E Yrjo]e]
A7l olHTy HA AXYE Lol ZBAW Alele] TAHL s o
Ao, dE EW 1.26mme HFEY AF FFIYE 200A

2mbar2 & W EHAEELS YL d2 FLIr.

o0. =3 AHE&

q AL} A FF79 B A= fu ey &
AARA guzt Ao 57171 A ETHlErx e AHSTolEE FH
ol HAAHS FES w2 Agsiojor |k FEa Pz
B¢ FHAHCl AAAAH o HAAAM FF7I%e] JHF HTh

9 m@rle] FAH AgolEed 2rE FAAUY #F

A3 2 BA ARsdel @ £37e szt EHSdez A=
g2 Wxe gge WE A ggoz FEHET

1. 2 JRdAe & BAZ & AHAA FddA ©E FHA
ez FHA Hojof Y.

2. Al AARFEC] R FAHE AZTolE LAodAMe FF
e ZAARAA 9dE ZHoE F7iek Tk

3. AWAl 499 ALFHelE ©r AAojtt. o] HAFde Fo

2]

A Fxe wEr A fFel HA ¢HE T

7 AR AL #F
A&lelE AAL Ay Aozl 0194 10xm FHxold.

2 AA Alele] f2olMel HAE Brecke] oW thgel Aoz
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F A1 E -

X, — X, = Bt!?+4C

o 7 o} A

x.: Al toll Mo EFAE
Xo . A7t t=00x 9] JFIF

BC : ¥

293 AgEAYY ARAAE ELANY FHL

———————r
——

,,xs'__ xﬂ r[) 7‘:

X, — X, 6 (Dt 172

o 7] o} A

X, ¥3gE ol el &3

D : &AHA| 5~ (Diffusion coefficient)

ro . A% 47

A &2to]E Na—X9o ZA¢ &4 Alge D=2.11-10"°cn’/seco] i
4% WAL HW r,=5-10"mz} 71AHSNE X3 HH,K6K F X =%X7}
H dzizx dele A
T Xm 25%X107 %X«

— - —3
=360 ~ 36x2.1ix10 _ 1:0X10 sec

t

b Hol AR W FolAMel 7]l A2 d¥XE GASed %
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L. Aol oMo #F
Al-&etolE Aol WdlAel  FAEA uid FFEI AL
obzl  LEAH UAA o EololAMel FAH{AYI o] [FE
el M= ol 7tx] sl dHAH UA &o. A ZZolE Lol U
of wphgdA <¢ter F2o]l YPsHe W(Front)el HA A E
= TU3HA FFo] HeAR EHRLdsH. SARAY fEe AMEHE
AstA e AP FFE e

ol QIF&HEe] 1mbar, 50CoA %712 Mean Free Pathy

4ymAEE ot ZAAY HF HAARARY Atk Y] "B o A
2o A4EHANS sy YiME Kundsenol BEASE WL A
g3lodol = Aol

o] A% w9 ANDE FFHE NS FFE Am/AtE &

29 ZAZdel ¢HAR Apdl H#EHSt: {2 do]l Al wku]

Ago dad Re FZIYME ZZAHQA Fao] #BAHY
ot F&o Hee ARe AYs & SmmyAole HLdE F
zo] Batstel LPolYelAe e A FAde HAEHNAH Hu}

we] g HAoe g ¥ g AT
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. AgeolE Hr YolMe F&

AeolE wul Welx Re e &4 £3U7 FRE
#4& Marcono] & AFHUT. 2o A7
o WelAel FHe #UsA APHA rethe Aol wEAHT. o

Agdls AuE Agd whHlHsle £xE st wEEA(Front
of Reaction)o] &3]3t}

g gdx Marcone FofF ¢ 4H poliAd FA hed A
gelol TEE wgwol Edsitd HBew A7 = Uolel A
3 de] Ao ¥t S R

gz AggolE guydie ddxe @A gl A

7 d7F FA A AARAHJ] d¥EE v

ol AFo] AlgH A Lgo]Ex Union CarbideAl2] 13X type
o8 HA3IgdAdd AAQL 1/1690x (1l6mm)ojil do] 3~5mmo]
t}.

ol9lol = MgAgolu} T& A7 AHIHoEL Yo A&}

ATt ES EF-AZEHOIE o A 2oA o
Fad da-dAdgd Ui dATE FYPY ¢ JAxH Eu o
A olfellA REe FERe A4 AMed AAHE AHS s

st x A AT

G/



AlS5H WHEEu3l7]Z£4 Thermosyphon$
ol &% AW FH4 EE=
(Thermosyphon-Adsorption Heat Pump : Ts-AHP)

A1d Fzst AEAe

Ts-AHP= AIGAdFol ®wl$ HoAum WX o dAG
2 93w 7|%€ 7FF Thermosyphon(Wickless Heat Pipe)S 3 A
¥ F3AY EHZo JYFEAGe o83 Heln.

Ts-AHPE  29@5.1¢] EA® AHFY  2/M9 ZEgo
Thermosyphone. & <EG&EO] #& o]Fi o R EHeo AN =%
Ho] A GUZ Systemo] FHHTH(I-1, 2-2, 3-3, 4—4).

XY FAY CHZE AAEAE e dAdHe FEHIL
1§ 5.20] YERGUT.

Y5194 7i7le] EEL AForR IHIH JAYR uw
g BA/EFH(1,2) — JYEEILH(GE4) - FA/FLN2) - YREN
23 4)E AXY F cycleg o]E . .

A/ (1,2)d e EAVY EF Q7l 7hstdA  #HF
FAF71(E—A&efolE systeme] AB-foe FF7])7F SAHIL 9
7l S$F7|dA Qud E%E WEEA SFFHHEY. oY
Thermosyphone.2 <HAZd® %W =RE(1,2)AAMe FA/F2HA

Z18) 5] +=d] Thermosyphon® &% (1,2)7} ALF12)EY A H
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Thermosyphon-

\ /- szﬁ
T "’,,-:
\ ~ \| / -~ / @
_ ¢ ) oy — . -
/.;"/"f / 'E\*«\

1¥ 51 Ui <du#r|EA Thermosyphon® AL F 24
CH=Zo AFL |




—— Hot Gas
—==> (ooling Air
—=  Supply Air

1 Module

13 5.2 Ts—AHP¢]

70

A X o 45




Astnz RE Aole ddge wagdh

wgo) HNAs YRIAGY e o#W #Y Fo 1
o AZeolEBAY FIF Fo ALY ALZHoE(3,4)Alo]d
Thermosyphon€ %3 ExHgEe] olFAqh(Qu). © WHELRE 4
Ao ¢28 Yoyl FUE Qg Wolgd dF FEY gk
‘92 Thermosysphon® %3 7ldde REE'4)AME &% F7I
7b dAEoel fFo] dojue TR AT Q).

SE/FEHAZ(1,2) = FE7]d d&FQueol 739 A S5
o] Y FHFFAZ FSEHIL o TV FFAVINA QY E€FE
Mz FHET. '

olxg WHFEHEe] o]FojAe AF HWREHR IdHBREZ,

Qe QuitQe

7 Cooling = QG — QG ............................................. (5.1&1)
L=QetQh . QetQe p L Qe
7] Heating — QG — QG = 1+ QG (5-1b)

QE — QEI + QE2

7) Cooling — .QG i le QG T le ....................................... ( 5_23)
o QetHQa L Qe+ Qe tQe Qe
"IHeating QG + ant QG + ant 1 T QG + ant (5 Zb)

ol Atk 3 HEEHEH UYHFEHAEo] o]FojAz= Ag LA7A



o]l Wed dFo] A

o]
z7bshA He AE ¢ 4 Sk
A2 1A 2Eel ¥ QA%H AR

1¥5.39t 542 &E—-A&To]lE Systeme] F7|I¢Adx=(log p1/T
Ax)e hxdxigd oAU F3F Cycleol HEAIFHO Ut

12 FIgsgdeoez 194 28 AFH 271 HEE RG]
oJ3t ZiEAAAHol, 2 — 32 LYREFE LFES WMo} FUst &
HEE BHYE UL 3 > 4 - & BHLEE YRIAL
FAH 1 > 2 - 2¢ EFE THEI}T HAHZT HAIPH. 4ol F 4

= 37017 Al FA2Ho 1M {F3o] gsHMY.

1. 4/ SF5H4H
1 = 230 A FA7I g oA HYP A

Qeiz= Mz(uz.z_ llz,l) + MG/A(UG/A.Z“UGIAJ) + Mg(ug,z"'ug.l) -++(5.3a)

o] Hz, W7 YelH Frlo F& FAE & UAdn A
g71ARe Qo exol wd YRSTGL HNE FHe

QGIZMME(UZ,',ZWU&I) +MG/ACG/A(T2““T1) ........................... (5_3b)
2 — oA WA WF A BN
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P { mbor )
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O

Ln p-

for

/T DIAGRAM
Zeolite X

U.C.C. I3X
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T (°C)

13 5.3 Ts—AHPe Log p—1/T
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Vi

h (kJ/ kg Zeolite )

x ( kg Water / kg Zeolite)

18 54 Ts—AHPS h—xAx4g9

Apol &

h-x DIAGRAM

for Zeolite X
U.C.C 13X



QG:az' — Mz(uz,z' — Uz,z) -} MGMCGKA(TZ’ —T,)+ MZHg,ZT (Xz' —Xz)° ‘(5-4)

02 EBAHeH 2 — 234N dETY HIEXNE HTE A&
of HAA WARE Z AHr A% Wsr] wEolth
2 — 3}AANY A W X WAL 4(3.4)9)

rd X Hc]’-tg o =

L—- —

ch'?,:Mz(Uz,a—Uz,z') +MG/ACG/A(T3"'T2‘ ) +MZHg,2'3(X3_X2') """ (5-5)

o] ¥t

1 — 3%gdAe $27e] g duA HYL
QC‘Z& = MC}ECC/E(TS o Tﬁ) - MZ(Eg,ZB o uf.S) (XB e xl) ........................ (5_6)

2 T AET.

3 — 4T AN FH7e " A FPe

Qazs=Mz(uz s —uz 3) +Me/aCo/a(Ty—Ts) crreerermmmrimii, (5.7)

o]al, 4 —> 4'IHoA ] FR7lC e o] FFPA

Add — Mz(uz,4* —Uz,4) + MG!ACG/A(T4‘ —T4) +MZEg,44' (X4“X4) """ (5.8)

07 FEAHEW, 4 — 17}AHA]=

QA4'1 ~ MZ(UZ,I “""Uz,4') -+ MG/ACG/A(TI _T4) +Mz}—1§,4'l(xl — Xy ) eeeerenes (5-9)
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3 — 13 AoAe] Z2rlo] Wit ouix WAL

Qes =M/ eCo/e(Ts—Ts) + Mz (hg 31— Ugs) (X —X3) *eveererrencsnsecnnenn. (5.10)
H A €l o
3. AHAHAF

HHEEAGo| ojFoAe A4

Q= IQGIZ'I"QGZZ' [ — IQA34+QA44' [ ................................. (5.11a)

A A P (5.11b)

QE==QE3) "*rrw s errtnrerreeint ettt i et ta s st et et aseanrassans (5.11¢c)
olm g2

2} (5.1a), (5.5), (5.10) o 2 H-H

e MQ{‘EQCLE(T,G """"‘Tﬁ) +MZ(Bg.ﬂlﬂuﬁ§,) (X% ﬁﬁﬁﬁﬁﬁﬁﬁﬁ (5 123)
rLooline ™ My(uz,s—uz,2 ) +MoaCoa(Ts— Tz ) + Mzhg 2 3(xs— X2 |

o MereCore(Ts = Ts) +Mghy 5 (1 = 3)
Tesios= 1 N (g a— ) + MarCorn(Ts—Te) FMahgaa(o—x) O 12%)

o3
{

tlo

2 A BA/ERY, TH/FE7]|e] E&EFMCO)°] FIIEHH

3 -dd AFHASFIE FLsHA HE2E AAAMNG &7l €8T
=
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4. YA =AM FHA
FA] dPze] HAZRUE opligt Feo] HASH A&}l
E 1lkgol W3t AE 4H A

*2A% Yo —- F 2 A :%—zﬂ]—%;}o]E(U.C.C. 13X type)
&7 DA/ EFRY, §F/F5E01Y AAL e (Cp=0.383k]/kg K)
At Mge=Mce=002 At
* oA zA (28 5.2, 539 HAH 1-63)
ZwzH :5C, 8.7 mber (634)
%% :135C, 56.3 mbar (53)
FRggxd :35C, 8.7 mbar, x=0.243 (13)
YRz 1 200C, 56.3 mbar, x=0.075 (33)

W RER3A HF2ER:10C (2, 4'3)

AdA 3 Frlo] A|ELEolE 1lkgTe FHI S

Heat Input Heat QOutput
QG:550 Qc= — 438
Uit — 290 Qint = — 290
g =397 ga= —509

Qsum = 1237 Qsum — — 1237

o] o peog=q/a=0.727} ¥},



12 d 2o AAbE WREEREZZE Sl Ao I8 H A7)
Neooting=0.520] o BE YRAXNF7Z] 3 AHAASF7 40%E71ES
¢ & A

A3-d € 2|

F544 9¥ze ALWAL AAse dole §ul—FAA
4 3@ BAAL 543 AGdAY FF 2dn du@sle g9y

7} Z88Th

1. 24/ F 37

E-A LTl EE ALl EHZAANE A ETo|Ed LAE
S JEAY A LFHolERZRE JFAES AAdMor Fo. EI ol
3t B}Ao] AYgPHe F¢ ALTFolEY HEx WA dHo T4
/EFZ71 dg ddEe AriA WHeE FIyE ¢ Ao I
g B9 ATgoER A HIFYE IAEBedAde HAGC s

Aol FYPHIE AT A AA AFEe Qg A

Jg wxgel Ywtxez AgdET: ¥ 4 Atk ojHY IR

Wz zA FALEE FYsie Hde FrAY M2 HE W
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& Tve FURdMe dAdAg Aee dds Zn (4
EA E9 FIA dAHAG AFe F10kW/m’K), AggolEe LA
/FHEL o2 Fde FH=E FTF/AARS

£ AFo)A Thermosyphoni}t A &e}o]E Aloje| o] HYFA

o] vz FIL oj&F G HIFH.

vl @4e diAle] s e AE

Edg "iAZE AESYo]E Ato]lE EFHuYrte #FFH W
o dAdg diAed YT+ LExr AAHHC

AlEetolEe] TWA/JFALEL EXE A dI=EAN FF/A
AR EAE AFe 4 HEV Ue BSESG FAEGYD. (B9
g O RFY AF 4 ZkW/mlK)el ZAfdle HEFS ZFHol 4
- FE2EE d9dz AAY 4 Aok

FAE wiAe dudE = ALTGolEY Lxye dAG
W2 dAI}A G-

A #BRAFI ofF F Ade (U— o)gxdg WL o

FHe diAe AZYgolEw L& 2E ZHA HU.

B oAToNEe Hgd 233 Aze @Eye zmAsd o
Ag dAE nes WD Oz AYagoh

2 AFdA g dugrle Fin TubedA oz Hr £

o AgetolEst AAA Y Feolh ol ALFlEE LU
el FAAsE AAR Aol A @yl WEel LAHF

oluf  FEHAAAM EFEE FAsr] HAstd A Fz AL



1¥5.5¢0]  EufVE =HAE FEANIYEE I9L ad

18 55 Fin tubed wWAR/3 X7

A/ FZAJZANME F o] WY A #HE ke H
st7h F FAAbelth LARAAME ERBVIE FHEe EAHE
Ale &3es T/t 4Fe€¢xE TR $A Hbpg da@rdA
exrl Azt Wk o= Fuz FaHolol FHY56). FAL
of 23] ALTolE YdAE ISAZ wWAYg HxF &= EXT}
UElYA "o oldel AlEolE oA FRAYEE I™STd R
A Eo]  ATh
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Ty = Inlet temperature
T, = Outlet temperature

y=0 Lo

Temperature

P 5.6 LA/ FRAVGA LxEs)

Concentration (x )

2957 ZA/FH NS FHF A
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TE/TF7Ie FRAAHN HLFT F£F7NE FEsn LA JA
Nd 53718 AAse Age @k sy WYoME ALl
E SUddA FF719 FFo 3 4¥Y &Aool HA ¢Fo 1)
§ 23 Adz: Agse AM AN gHel TFUsgm
g & Ut
F34  d¥Ee AS wAn  FAdgel =T YA
(Unsteady) 2.2  ZP=v] ZAgFAPore]l FAAYAN & 2 £33
AgSgol FAPo we Waly] "B wed AP s
AEEHE Alddste dHde oEEgol ®Brh ol#g olfoi]
AFdAM e As7HAe AFZEABE FAR3}o G99 ALFgolEd B
83 HEIN wERF WHE ZAAINAUTL
F 5le] # Ao FERI BAH/FERI| de B A4
Mo BRg BA/EFRVIZE BAES Qlth
¥ 5.1
- | Meunier | Rothmeyer [Zeo Power| Toshiba | KIST
A & elol E
23.5 22.5 20 2.1 4
AZF  (kg)
o &1 & (m? 20 13.6 9.3 0.6 2.3
AE ol o
1.31 0.94 9.3 ~0.035 0.1
A4 (mf)
Fin #A(mm) | 55 | - . 0 | >
Fin 7 (mm) 0.15 — — — 0.2
Fin A4 112 — — — 40



g A7 $3/3UrE Frld wd $33A SHH o
N Mz Aude 27zde A sFisoler dth olF s

o $F/F5L7e FY49 Block Fin Tube <dug7] F4E& 3

BoATdA A4AE £3/2%re wArAN A8 275
o $2¥e 7 59" R Wz FASEY B4

A 2LE 27 FHZAAN $3Ho ©ged ZuysxA

AN E FZ7IEFEH HE T3 dFo] FEEHO FE
&ol Yoy} FHdle JFAVIE JFFo] Hro

g dFdAM AEE WA de B Tubedd) F5H Ev
TEHAFANMe € HAEAF7E FESl ARz dIEAAMY F
A8 F7|oA FinFo g HAIF{AHAA BAFT. £ dFdAMe
FW4 Fin Tubed <Eu3rle] dig oz FIE sy F8

g AlFe 20~30W/ml KA E® F3A 3.

(e
rN

3. Thermosyphon

Thermosyphon® Heat Pipe®l ¢ ZHF#ZA Heat Piped] I F
Y8e ©E% 2Y. Heat Pipedd] 2AFHA7E SL¢FdA F44€
ol 23 FHFHFAZE 7187 HE, of o FHEeg FHF9
Azt o3l JIsE AFHALY FUe $FHFE olFId I

]

g AEsta FFFAAAM FAR L& WHEI}o $FHFHE FFHAE

83



Wickel] 2% KM@ 4He] Hojo o& FuHar Eotew, oA

Ty FSH{ALE HEoO] .

o] =, TFHolAN HA=R SFH AFHAE FTEFE E°}
A dtv FoE Wickel EA# g, 3o g dHY, F9
o] Atk o] $FHE AFTHFAE EBoleA = Yol uwEl Heat
Pipee] F#/7F FHEY. Wickgle] #58(a)el o] FHE o]&
3+ Wickless Heat PipeE Thermosyphonolzt H 2o, 1Y5.8(b)<%}

Zol WickE ©o|&¥ @& Heat Pipeg} FEt.
Cooling I“'- b
e — i H
Vapour \:\ ?,’ s

| { Liqud

Yapour
condensate o

Liquid
condensate J k
quid o i / ~ 1§ "Cooling
= — L 1-=
(o) Thermosyphon (6)  Heat pipe

18 5.8 Heat Pipe9t Thermosyphon?] 25 H3d

Thermosyphon& Z% {49 Ab(Phase) ®H3&lo] w2} One Phase,

Two Phase® W3 F%o w&g Opend, Closed oz yYrt. Wt
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A

Heat

Pipecll X} Wick®t flve 3¥E{e] Thermosyphon¢l Two Phase

Closed Thermosyphon& Heat PipeXd.t} FZF7} 7basdtn, <& % glo]

43,250 Akl Wowd, A vt @ EHL I Uk

o]

],

2= o]l A okolElye AL dede 99Xx7} Two Phase Closed

Thermosyphone] 3} $fXx|slejor 3, HAFHFAZF STHH= =

ol 9 xR+ Two Phase Closed Thermosyphone] AFx-o] ¢ x]&}e]ok

2o

Hete <E9Yo] Heat Pipeo] 3l#o), $&%+= Hipe Pipeo] 4}

H A]

Al

kg omgitl. wkA  Heat Pipee E93 yYztyrst o-

Axstdxs  #ArE ¢l 2y, AgolsE Heat Pipedt 8

s

__‘l:r'l__
Aol FHH ATFAZE TEHFE EolZ W, EAH

g3 o] AP Yor Folery] wWEe AAYE AFHA

B}

&

O = = o, A~ O

Heat Pipeo] EX4 & v&3 2

1)
2)

3)

4)

6)

7)

S7l&c &3t EHE4ko

Z7%% 999 ZA2 AR 4 AT 1 727}

e F7] fFEoLE gddo] Ao

dolsodl &FH 2o 4R FHE WQE A gerh
129 Heat Pipee %% HHdA o]&& <+ gtk
$12% Heat Pipex 71d% 9 WZ4Re FEglo] A&

/b kot
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8) Thermosyphon $% Wdo=zwl AL o]LAIEe vIEH
AEE Zet.

9) #3¥ & 79 $E&8AHHA J1EgRed S5 EHev)
7}-5 3} T}

7F. Heat Pipes] &35
AollAl AF AHAFE Heat Pipes] ZAFFA7E Foe §
< FHde= 3o md Heat Pipeol FFE H5.20] F{F W
el mEk dEhE, b 8@l 2e0lm gle Heat  Pipe
2} Thermosyphonel] W&l A3 A B9kt

¥52 99 FHF WY

Method of Return Kinds of Heat Pipes
Gravity Thermosyphon
Capillary Force Standard Heat Pipe
Centrifugal Force Rotating Heat Pipe
Electrostatic Volume Force EHD Heat Pipe
Magnetic Volume Force MHD Heat Pipe
Osmotic Force Osmotic Heat Pipe

(1) $328 Heat Pipe

Wick®d Pipee] 7I1EAA Fxe 1Y 58(b)d Yeld RAH



goo A iz FAH Utk

1) d¥H 87 (Container)
2) 32 (Wick)

3) %83 (Working Fluid)

7% =FFo] Heat Piperlel Hul kel 2%s Ad
& Q& #Ez AAdolcr @t azkxn WY L7 e
2448 2 F5¥ 5 e 93 92 AR RaAdHo g

k. 719 YFHole MFoE Wiy F, HE =9 F J|FH

o

Aol #Fete FHEFY HEFAE FUTH. =2¥Y Heat Pipeo

AR sdatd, douxe &7 WEd ERse ZESAS

ZbEste]  SEAZIAl =W, olu ZMENFe FUIHE AesiA 5o

7l o] FHAM WWHHo v dAFE R SFEA Ho. old,

Heat Pipeo] <2J3t AEgHFL A9 dAx =T Ui EA
gl Hazl tE Ax=2 ul§$ Ao olA& Heat Pipeol WHE
el ARogE YEe] dHouHA g FHFI o] v %

g Holth. o9 AL 18¢] FF dolEL yehdg. gm
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2, A%4d dAZL 98MAE =g= FEEL Heat Pipevlol
48 @k Slae BFHel W & AA=2 Hol o, mA
B o3 YYAE LR UL TA ZWRI BHA

Al ok ol 2E dEY AAH L dFEE 9T FAFEHAY &

1o,

S7R2E BAstEER, ¥ FYglel HduvAYg AHHI FHE
7Vs8tAl Ttk o]A 2 Heat Pipeg] wEZHQA HHo] . Heat
Pipe2] #HEFI{L ¥F-25H EE& FFdd AFHAE FSLA7
= FEH7E U, 9o s dHEgfle]l FERdA AAE
7€ SSHE olFAIe= FEHEES e CdEHFIE U3, EL
2 WaAHEd dsid FIE SFFAA AdEEZ HEse SHFHE
T4 5o} Uk, Heat Piped] ZF2%x+v Heat Pipedd] F¢9 A&
Fae] FHA wt ZAAFHY. o] AFEe FAFFALd AA Y
1A gel FES= 2 WS ddFHoE EASAor .
o] Heat Pipex= <o IJIFFEAES ol&stod ddgsir=z
A AL 7)Aol Heat Pipedoll E&Ajstedof 3tr] wiEold.
Heat Pipe?] #¥F 2= WHoe 4H4F3H(Triple Point)3®} A
(Critical Point)A}olel}l lojok ®Hrh ey FAFHAld odEides ¢
AD WA a3’ & FVEE e A97H dH. ol #H
& Agde &7 ABY ZFEE g JAFHEY ¥ 2k
2 AFANG. E=F AFH WA FAlY Exrl didd] H2
Aex 9t} ol#él AtztolA= Heat Pipew W d54E& 33

o APEA @GA HBE2 AFFEY FL 2EE IMANE T

1o

= Utk €933 #BHAAE AAGIH 7|AGe] FESe PFe
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dAGL F AFH FAAHo=z elHo] LEA7L gle] EXAEY
k. 2y ol#F ZA$e o]4dAH< Heat Pipee] <Hdeoli, 4
Aee FE5y $5H9 @319 Ag#de AV U, WEA
olo] wW& AR o] =A3tA Hrt Heat Pipelole A3zt A
Al HEE2 AAE FHF AZE T A BH A9 £
Hefo] dAx WAooz dAGEHA H2E2 FEHF R =

=
£ 2EA(Te—~Tv), (Tv—Tec)o] wWg SAFe] SA4sA Hr.

(2) Two Phase Closed Thermosyphon
Heat Pipee] =x7] dFdve $F dF&o=z2 7WI=HUZ] o
ol ZFHeol Aol glo] fzY SAle ¥UdFHeE HUGY
U olF, AYEoe=E HEH Afode H=2¥ Heat Pipede o

3 e B4 el Utk

1) Heat Pipe 2] <€=A#|3slo] =T}
2) EA#EY FTA AIFE Rt
3) BlETA 2% AHFE W=

4) =29 Az H Z2HTA o AxTI =4

olet #2 Aoz & AZELE AEHIL, 53
71 o2 AFAZH ASde H93E AA}L FEHEZ ol E3Hd
2% 3l= Thermosyphono] Z&-&57] Al&sdt. o] Thermosyphong]
A 35t WAL Two Phase Closed Thermosyphon®. 2 7]|&¢] &A=

Thermosyphon3+= FHEE ZAolth. I FAL £7)9 FFHFA%e
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L
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s
X,
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o
A
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h
N
s,
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i
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ol
fle?
[
»
off
o

. 2 g
AT Y=as
= 2% Heat Pipes} =z o} 3§
o S

A2 G8s]
= .

1}. Heat Pipeo] &84
Heat PipeE 21 %

Pipel 5- 2] %%%iﬂj Jrj 3 WorE waw R 3 s Heat

Pipeg7]2] A Fo] A 48 HAeaAzE AdA4E AeolW, He

Pipeo] & #§7] zﬂazﬂqg Aeldh. ol o, Fa¥ AL He:

Heat Pipee] [ &7 e FAl 2o AYUYAD ARolg. FHEHAl e

2ol glolol Bt} Adse Arida Asezs srEAd S
5kt}. Heat Pipest & f-Al<kel AP oAR7L LE;

o, ZEFAe =
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F 5.3 Heat Pipeg} ZrE3-Ate] A IgA
(Low Temperature Working Fluids)

Wick Material Working Fluids

Water Acetone Ammonia Methanol Dow-A Dow-E

AR AR LY " e S MR L Y + A

iy %

Copper RU RU NU RU RU RU
Aluminium GNC RL RU NR UK NR
Stainless Steel GNT PC RU GNT RU RU
Nickel PC PC RU RL RU RL
Refrasil Fibre RU RU RU RU RU RU

RU . Recommended by Past Successful Usage

RL : Recommended by Past Literature

PC . Probably Compatibile

NR : Not Recommended

UK : Unkown

ENG ; Generation of Gas at All Temperatures

GNT : Generation of Gas at Elevated Temperatures, When Oxide Present
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¥ 5.4 Heat Pipeg]

A5 A

(The useful operating temperature range is indicative only)

ether and diphenyl.

** - Also know as Dowtherm A,

92

an eutectic mixture of diphenyl

Medium Melting Boiling Point Useful
Point at atm. press. range
Helium — 272 — 269 — 272~ —269
Nitrogen — 210 —186 — 203~ —160
Ammoma — 78 -~ 33 —60~ 100
Freon 11 — 111 24 —40~ 120
Pentane — 130 28 —20~ 120
Freon 113 —35 438 —-10~ 100
Acetone —95 57 0~ 120
Methanol - 98 64 10~ 130
Fluted pp2* — 50 76 10~ 160
Ethanol —~112 78 0~ 130
Hepthane —90 98 0~ 150
Water 0 100 30~ 200
Toluene —95 110 50~ 200
Flutec pp9* — 70 160 O~ 225
Thermex™** 12 257 150~ 395
Mercury — 39 361 250~ 650
Caessium 29 670 450~ 900
Potassium 62 774 500~ 1000
Sodium 08 892 600~ 1200
Lithium 179 1340 1000~ 1800
- Siver 960 2212 1800~ 2300

* . Included for cases where electrical insulation is a requirement.



t}. Two Phase Closed Thermosyphon®] & & ¢ dx Hz
g g 54

B A3 34 Heat Pumpe FIAEHAZE ¢k 50~500C ]
oz o FHFHY Ay HAsA AEFE F Y= Heat Piped
AERAE AAstoer o g3 & A58 Heat Pump Ed2
A &olr e Heat Pump?] 3 Ao ue} Thermosyphon <A 3 A3}
o] Thermosyphonge] ¥ W< (Thermal Diode)”7|%5 & L3l $HAAS
Thermosyphongl ZEo] WFojof 3ir}y. welA] Thermosyphone] 2Ztx:
o Mg AFHAY FI old wWE <EHG F& aT ook F
c}.

13 Two Phase Closed Thermosyphono] gt HFEe= 43¢l
A99 Aol wFErEozZ Two Phase Closed Thermosyphong] 734A}3
e wWg e Ad gl AHelw. u3s] Nigishig}
Sawada’} Two Phase Closed Thermosyphone] Ztx wW3slel 2 %E8-4 9]
Fol Wl we F& AT AAE BIF ul Yo} o g
A3 AFNE AHR7Z 8A(o]ste] Thermosyphone Two phase
Closed Thermosyphong 2] u|3}H).

olg2e] 4AFE AA9 AMFgxErt Y599 dEY Ax, AE
42 HeEaAE F dE@ES AREsIYE L, #AFFAYA FE F
d5o WHE HHe 5~100%2 WHI}E FAow, FAFEe 107
Torro]™, Thermosyphone] Zx+= F£Z(90 °)dlA] —10 "Alolg w3}
E F$1, Thermosyphonolx ZSHdRHe € FFL2 98 Thermosy-

phone] SEHFE ZIRi v FF5(Water Jacket) | & 85Ce &
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/-.. f 150
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\ f1 @Em.c
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f

HEATING WATER

WINDOW

|

)
v

0

™Y

f
™

l

SETTING ANGLE

19 5.9 Thermosyphong] 2zt% wW3le] ul&
HAEsg AEAR  (Negishi®)

olN
i
<
o
olo
e
e
il
h)
_%_,
o

0,
rlf
DO
=
{0,
¥
of
=
o
0

Gy
5

3
@
N
N
o

& ©]&3%t Thermosyphong A 235U

dutd oz Fuy R AHFHY 25%c]4e] FAFFAd 4=
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Qr (WI/m?)

HEAT FLUX

= 5 ° ol4o] Holjop F& dAE AHTE & F Uew HU

AHES Z4x 20~40 °Afelox LU
1Y5.108 FAEF A7 Zdu, #HEHA He H3et Thermosy-
o

45e RAFI

phone] Ztx 1H3Sld & Thermosyphong <&
A .

2Z 9ol H7F 5%0°]3, Thermosyphone] Zx7} 9 "dd,
Thermosyphone] &S BeAsA o, 75 “oA¥E #HFo <
oli}x] ¢orv @ thermosyphone] ZEL HEA Hel dE HE 7

ol uehdth g9 Zxd o=2d, ZFHAE SHFFA EA

10° WATER Ty =85°C, Ty =25°C
12
=
10 O
L
<
8 C
L
6F o
)
) <
AR
e
-
2F o
X

-10 40 50 60 70 80 90
INCLINATION CP (*)

1% 5.10 Thermosyphon® A} Ztxd] wW& AG A
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it

AEaAlel Wz 25% LW, 2 “olA Ao FHFEH} EHA
24 H7l AlFste, 1 oA AAe EFS AFEAR FEREE
debuly dAEEE HE A& 0 CdA HFeo] AlgtAd €@

@& Jlsol uveidt. &9 ZxerMe AA FAFHAI $FHFRE

o]

AEFAe HAAHL F/te g EASES FYAIAG
55%°] olZ2A HW, 0 A= A9 TFE AFHW, -—-05 U}
Hlojof ZFwRyl wulE A Fo] Thermosyphone] 7)%o] A=t}

i) olg&e A%

g Lo AL E3 2 AFo] Hlkdh dEL&E 5%
4%  Pool Boilinge] A3tm, 40%°]A JAel BHAAGe] B
o, Hyg dAGELL 30%°lstdn  Jeldrh

Ztx=7b 5 olx, FEFHAS vyl 40~75%Ad, ¢AE EHA
gee vehdth AFRAY ¥ 100%YHE dHREge FLY
t}.

mzlA, ZEZHoE FAFFAL v7t Eo ZHFdde 25~60%,
Thermosyphong] Zt%¥ 20~40 2 fA 59, dage] A$de F
ZL8419] HE 40~75%, Thermosyphon ZE= 5 “o]AY w7}
71 EFEqo] F& A= UERTG

oy 29s.1le] vEld AAME E dd vlEed ddAe
dutdoz ZAFHAY 4w FAEFE € dF TJleol F(+)el
dedMxz JeElUY, FFHAe Hrst FUMEd w2 @ ds 4
e FAsA &(-)9 #geg HolHrh AUdAM E & Ak

96



DIODE ANGLE
N

0 25 50 75 100
FILL RATIO G (%)

29511 AE SAud we 9 ¥x zZx

v HA AdAdeH FHu HAEdAdTe FAdgeol YElvde dxold.
AEFA7E el A9Ut CdEgEY AfLEud:x o AFE & v
7Je€ #Red, ol #AEF#FA ThermosyphonA g ote] ZA oA
(Boundary Energy)®] =tolel 7]<lgch

Negishi®} Sawada®] A+ ZFAe} E AF9d FHEFE 25 HY
] 50~200CE xEstd, € 9&F 7Tl L EE AFTA=R
stal, ZEfAle ¥le FAE YR AFe 40%E FAS}E Ao

33 Aoz ey

Q7



M Aoz TFF A dAE A&3tes T 4

g
g 5 YA 9T AYEF BASL ASAed 4

=M REL QA% E  Thermosyphond 2A/F A7) e W
Adslo] e FHAAZFE AHLe FHA=R JYHF EHEes
AEs] YA FRH-

$A Fo UE HHE BIY & Y=E oy PR Sight
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dAEWES fpd Hol W= A¥sgch

FH ARE AT NeMe ofdiet #E AM¥ES AT

A Tt

O HA/JA7e JtEd Ee WZde duiAl Qg AFE3tH 9y

o] FEE WIANZE £ AA I}AH-.
O %7 20 E o|&sty S&H/Zdrve] g Fr|¥oes Yyt
]

FHZE A& F3sA ddstod YRR dE&EAdS F

2
ek
W

ok
N
>

2,

e,

¥ ¥E5(Ts-AHP Module)

Abolel  9bAl REAZ A-FH AzBs] 3

a9 6.10) AZFE  FA/ERVZF dEd Atk BY FE
2% T2 AFsden AggoEE THM4T UdE UF Case

= 100 Meshe] ZE|Ql#ElE7) woz AAEHY WE Caser= 7
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a9 6.1 wA/EFRVY TE
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7t 7bsdte s Azste FRAE sy LolF=E sy
Hel AR A LFPolEE FYsr] sty UE Casee] =

%ol Ed AHiolx olefe ALAL YH Caserl 93 AHE U

Ebvl i Qlth. W Casedl=  oF 4kgo] A &elolEs} Eol7A Huh
1% 6.22 BA/FFAVE $5/FL7] REA JY9¥E Ay

JEn 2 Uk

9 6.2 A/ FERV| &=/Fr)e A
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HA/FA7I= S dY AHE fAstAor sfmam B2

gl MAH FAE Yoz AP L W Sealinge] AA E

A7 " B 4A3d AAYAe ' 6.29 AstE ]S 10mm
FAR  AFStY  AAFHQ] PR 2ESEE slgn %W w Al
=< i I Alole] 2o AU SealingAE Wi 3} =2we

ol EBE A 4dstgd.

AU BEYREN LAY FE A= A EAst g1 Tz}

s AL GE&Fo] Friste Al Fol Ut admEz By A
golMe] Agol BWE Prototype AAAclE WA/FAAS T

& dAALER s FHAE L7V FAdE F &71E &F

sto] AAAAE WEel uHAT Aotk

i)

L/ ER7)e) dgFel 9@ APZe) AEAS BFE A

5.12¢]] 293 ALY F ok 4] (5.12) 9 A]

Mce - 5/587]1e] Z%F=10kg
Mg/a » BA/ 52719 & =20kg
M; . A|-ZetolEe] HE=4kg
Co/a= Cene=0.3831kJ/kg - K

-

oln &

B 10 - 0.3831(35—5) +4(2510—147) (0.243—0.075)
eodling™= "4 (460 —240) + 20 - 0.3831(200—120) +4 - 2794(0.193—0.075)

=0.61
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o] Ho] §re] W8Fe mASA *e AeHc o 15%9 A
g AFe gart e ¢ F Ak

19 6.3 TA/FLVFe oF Casest ¥ S5/5E7]E

i

epdt $&=/F87]s 5ACA A Est o]l  Blockfin-tubed o

"

AAEden ¥ FHo AFAE FEE AU Y Age
407l HFre Eoe JITFEAYE #FE 4 Ae Sight Glass&
FH-2F sHFol vy ZASAT(2E 6.4)

719 6.5°] Thermosyphono. 2 <dZE 278 XE&5(EFE 1%)°]
el g 4 2Ee KRELE $F/FL7oln ol FEo] &
/&2 7 olth. dAM AMEdtd ol Thermosyphond WH AHAEH A

xEe Qs ddg9e FYPstw 2 99 ANdME LALE

l u.!l I -.:!.g e S
- ——— —-"l'.t-' *“"H"'-_'—ﬂ'

i |

Lk,

#=FUJL91.7.0



14 6.4 $F/5%7] #o 4Hx¥ Sight Glass

o 7 11

1% 6.5 Thermosyphono 2 dZddE »nE %
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gtolol  F ). Thermosyphonol] AF8d #L& 2Z7% 1 5"/8(41.28mn) 9]
THHOE FAT ldm AHFxojth F XENS AAEL FAE
$3te o] Thermosyphong ZA/F27] W Hel FzsA H=
glo] gtk R duAlde $E HEL A ETolE dFFo] H
2 JB3o FaAE7A HEEHIAL Thermosyphon HFFa F7]e o

% REAM SFHEHM olde FHEE WE Tt A ZTHolE

A28 FHAZA

g2y gHzo dANHAANY ¢Hd AL EsA &)
A QA zHol Wt WA/FIAME AW Oig
E5lo] slg/Wzte] Uz BasA Honz 1eg FLzE AL
& oz 2008 MY

128 Faxzo] AAL Stainless SteelZA] L£ZHE& 107 o)W
egdozAe LW 0.5 AddrE Algstdd. Neg e
%% 9 A] Stainless SteelzZ Azt ov WzbEol 0.5k A Y
2t AMgdlel g Z2IY 4 YRS FAC-

27le) ®go] HAYN) wi Uz nes FLzg AL

| BeFo HAAHo] IHojof FrE olE 3o Flexible Tubes}

3-Way-Valve2 duoja] 2<deo HFEE I +£ JYEEB L2

#H 6.6).

AbEE duiA] Oile] EA4AE F 617 19 6.70]  HAE O
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Flow meter

Thermosyphon

[1 Illl III ‘m

<m

Air Heat Exchanger

LN

Generator /Adsorber  Condenser / Evapo_ra tor;

Adsorption Module

a4 6.6 AR HA



¥ 6.1 oA

Oil(Transcal N)9o EA A

Transcal N2| 822 £

AlE YA ct Transcal N
AHHYE  155°C ASTM D1298 0875
ol 8 H (PMC) ASTM D93 °'C 210
(COC) ASTM D92 ‘C 221
2 3 ASTM D92 ‘C 243
S M T 40°C ASTM D445 cSt 30
100°C cSt 5.1
&8  ASTM D97 G =12
Aoigses _AST™MD218s  C 360
& B 2} o ASTMDB64  mgKOH/g <005 N
E RS (Ramsbotiom) ~ ABTM D624 % Wit <005
oy | per *C 0.00077
IR0 Hal RN ‘C ~10~320
= 7 S °‘C 350

B 278 AR = 222 W X|Q) v Ch29f HxpI

= T USUCL

Temperature Density Specific Heat Thermal Conductivity Viscosity
(°C) (Kg/L) (Kcal/kg’C)  (Kcal/mh*C) (cSt)
20C__ o868 07 0.1151
40°C 0856 0456 01138 30
- 100°C 0820 0515 p10%9 81
200C 0760 0600 0.1034 1.28
250°C 0730 0.643 0.1002 -
300°C 0.700 0.685 0.0969 062
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v i e . . .
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g2zeo A Oilg BA/SFAZIZ c8A717] AT <L

A VI T2 A QA Aol QHTUT., E HF9 = ok 250°C
o Aujxlel QAT E@/gFe] Wl He WIE AYAd.

Auf A Oil Pzl Alge] H 6.2¢] HA|Ho <t

¥ 6.2 duja] PHxe] ALY

r 3 449 Am NA5 3 B

ce/rev | 1/1500rpm [/18000rpm| (k8&t/ci) (rpm) | (kg)

qes| 8 | 120 | 144 5 | 2500 | 42
2§ 10 15.0 18.0 25 2500 4.3

4d fFFHH REy SIS 2L Frameo] HX[FHo] I Ho]

7ted Wl 2HAH ddle HAAA AdFel Tied=E 3T

AAF Ao wixle Hd HEF AAE"HA FAHO Ut

74 6.8 2x9 e FAHHol EAHO Ut 2 &

e dH T3 (Copper-Constantan) & Al&slgdon 48 =ZHL
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2=  MonometerE Al&3t9tt. F719 $ %S Pitot TubeE A83}
o] DuctlollA] ©HF w3 Scanningd Fd HTEgEE ZAT.
Al Oilel #F 2L dujAlrt 200C FHxe TLojn v
Aol B wWE BAHo] oLpa dAAL F¢ Gda Ol

g 9%z wWohle] ZHsen k.
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2 d7e A 2adEede Al 1adxE @AF7AE AdH e
= AAEo &3 AHol H YR <Eu@I|EA  Thermosyphon
o]-& 3 3FH Moduled JFA2 <EHZ dsld 1712] Module®&
FAlsl AAstH T @A o] EER2 A¥F doen Ao @&
52Fe W2z 43S 4AAE AdHolth

o] AFdA <@dojA dHoelele 3zdxd AYE AN dPx=
Al&de] el Z|ZAREE ol §HTh

32 e AYE HA EHEZ AEHd YA es FEHOE
AAZE JYPEHIL e HF AHe Boldesr e €2 9dAx
azjste] A F3Hd] ZHSA JFE Yt .

A7l % 4EF4 d¥E=zgE JdAE 4 Ae FFH4 f¥=
b AE3He AF stEvd A4d dHEE Jia Sle W4

47A¢ AA AT F Jernz o Eopd dis A&HY JIF
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)%, BES
F71Her AFste 2% F94 S¥EZ EE ML

A 1a¥= AXFEILA], 1990

olF4, AAY, ol&x

HEolHE o83 JAREF JFA4 FE HE

19911 Sd&d A 748 %

K. Negishi, T. Sawada

Heat Transfer Performance of an inclined Two-Phase Closed

Thermosyphon

Int. J. Heat & Mass Transfer, Vol.26, No.8 pp.1207—1213, 1983
P.K. Maier-Laxhuber

Sorptionswiarmepumpen and Sorptionsspeicher mit dem Stoffpaar
Zeolith-H,0, Dissertation, Uni Miinchen, 1983

M. Rothmeyer

Wirmetransformation mit dem Stoffpaar Zeohith-Wasser, Disser-
tation, Uni Miinchen, 1985

S. Jeong
Simulation des dynamischen Verhaltens einer Periodisch Wir-

kenden Absorptionswiarmepumpe mit dem Stoffgemisch Ammoniak/

Wasser, Dissertation, RWTH Aachen, 1990
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7. D. Tchernev, D. Emerson

Closed Cycle Zeolite Regenerative Heat Pump, 2nd International

Workshop on Research Activities on Advanced Heat Pumps,
Graz, 1988

8. H. Yamaguchi et. al.
Investigation of a Thermochemical Heat Storage System Using

Z.eolites

ASHRAE Transaction 1989, Vol.95, Part 1, No 3226
9. Union Carbide

Molecular Sieves, A% A2 A=
10. F. Meunier, N. Douss

Adsorptive Heat Pumps

CEC-British Gas, International Workshop on Absorption Heat
Pumps, London, 1988
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