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Next generation absorption technologies in USA and Japan(2)
- Next generation technologies in Japan -
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Y. T. Kang

FAETAS AN AN 2T

1. el

V=TT &7 A=ge ARt @7«
71 Fd& 7MY ol AR, Al &
o w& ofEHl BAAE ATk, 4 HA
7k20) ARRo 2 Qlete AEH 33 zYghQ
(peak electric demand)Z €3}s}tar AlA o)Ak
SHEEd (COR)9 BAE AR OZN A2 d
3l A4S gsisit AAR 7faTE FFA A
g0 ZHEY] CO, BAFE F7IHAHE A
L3l A7|FE WE7id dlsid 8% 5
Aoz BIHUKSuzuki ¥)". iz =Y
of R B3} e 73R YelEs Mg
24 &3%E sz Chlorofluorocarbon
(CFC) % Hydrochlorofluorocarbon(FCFC)
A WiES gAY = U olFe] gk 1992
d ZEdY A 9steq CFC #® HCFC 9
ARg-ol 27} 19973 E 20209 %E Al FH)=
ot CFC 9 HCFCY AAd] yel2 7utso]zx
HFCE A7243E dodle 90%Y sz
g8 Aol ukeba] 19973 nEGAM) s A}
FFA7 FAFHRE FoHIA) oS A3}t
7] gt ole] AFEo] sl vl FAHA

* 196534

+ 371235 9 dFo] B3
HSEHES AF3Inon,
T4 QEI, du@r)Ad),
B33y AR g2 o=
A zAmAA 2R Fof
AE 73 gl

P G gk ot rSk

3 AAYPmE A 7% SN 2Y
o] 71383 43 AA(LEU & Ajxd) 2
0E (S FERulol=-8 AAR])A] zt
B @a Q) 53] Zdde 2893%F 54
Ar2glo] 71 geool 2o tiu|ste Mg &
AR WAoo FES ¥agE ),
HE-5 2 VIZERRE 59 AsF d4Y
Bog Mo ad AE AFE o)F1 gl
' Ae® BuH3 YrkKang 57, V).

2 a7 vad 429 g F+24 9
2710 ALHER, ANME(ZEHY) uZo|
Aol F] AFlesd uHAY ZAbds), A
28 FF2 714, GAX(generator absorber
heat exchange) Alo|8 2 o7 74| 7|¢H &
APES 27Wsidh £ HolA= YR o
ZUol-& W E-glfH avjolt F42 Alo|E
o] AL, A F52 AlolE, HIHA
o} 2oi3t wigtayt)HF(marangoni convectio)
3 Ad F 8 5, dAl S o
71 71ed AFANES 4lEte, o8 wiEte
2 @39 7%, A, 3] AN M &
S ol vpghAg Ad wEks AAFgS =

Yoz @k,
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2. Boyel % &4 ApIBel B8

FTAA AHSEE dEHQ gol52 H ]
o FeJ3lA}t. &8 (number of effect)s W
E71e] HAFE AHols=d), B FHHos
1 999 dHYE 2710 FYEAS ),
SRR R=S] A9) 4 F = W
259 4 FUESFE 9niditl d(number of
solution pair)= A Ale|&F MZ 4ojx] &
T 7899 £& ofndtl. d@(number of
stage)T TL7|% FFVIMER FASHE &9
A FE(solution circuit)?] 2 A9 H&d| 3}
Lol Fv)o diste] o) F7171 o) A

E2 FYSE B%E §4719 Sl dgehe o

Hlojgd2 FEAE F8(strong solution)
2 3]8-H(weak solution)S Zz} WYuje] H=7}
FS 34o ¥e A$E Aodrt 9o Ao
E-glFHEulo|=o] A, Aukxoz AJHA
ol A AMEEE Fejet whdlo|t)h & A &AA el A
€ ZFHEno|=Y FEIt B8 A9E ¥4
S8 AGEE AR lou, oy FatelEd
Aol SEAH AdBAAE fsle] 2 2ol Aed
2 AHgshs Aol uihalg wako 2 oAz

E 1 254 80 Ho|

B8 gEYol-& A2"oAME gdREYoly FE
7t EL £do] F8H 0T Aojrle] TEo) ojx]
7K. ole gEUol-89 ¢ dwyolrt W
wjoln, E-elER2nlol=9l ¢ Eo] Wrjjo]y]
dFolt)k *E 2L E(temperature lift): vig
2%(heat rejection temperature)®} ZWLT
(evaporation temperature) 748 £%a1E A9
5 ) el g Alo|F T ARAlolE F
A F2 AMEHE gojolt}. @44 (resorption)
AolEE WAV wE YelErlr 857
& AfFsAgn A F4UIE fYEY FH
= Al|EE Ao He vl $8EHdule} HE
Aol E EE 2% P ZE Alo]F BE H&
Hk. AlxAo|Z(cascade) = ANUAE 2xd)
ol whebr] EAglo] o83ty fisted Mz dA
H Alo]E9] oujgith dlo|HEE Alo]EL A%
W B Ao FHRLEE AY|9Ele] FAL
oj29 4=7IE FAT EAIO|EE QUi

3% F5 dEE Ale)EE ¥ 26 YEehd
Hke} o] 1 o] 88| wle}l A5 Hperfor-
mance enhancement) 1§, <% ZZE Z7}
(temperature lift enhancement) 1§, £3<}
g 3, TEHEA 9 foepatelE F A v

Terminology

Definition

Number of effect

Number of refrigerant generation processes

Number of stage

Number of solution circuits for an evaporator/absorber set

Number of solution pair

Number of different solution pairs that are not mixed each other

Basic cycle Single stage cycle

Exchange unit

Heat exchanger for heat and mass transfer with phase change

Strong solution Rich in refrigerant

Weak solution Poor in refrigerant

Temperature lift
temperature

Difference between heat rejection temperature and evaporation

Dual cycle where the refrigerant generated from the low temperature

Resorpion generator is directly absorbed in the high temperature absorber without
condensation process

Cascade Cycle assembly coupled by heat transfer only

Hybrid A cycle combined absorption and compression processes
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H 2 EFMAOIEY 87
. One solution pair Two solution Three
Primary Heat € solu P pairs  |solution pairs
Urpose recove
purpo i One stage | Two stage | Three stage | Two stage | Three stage
. Double effect
hg‘gsfe‘ft‘v‘;“ %‘ZX Semi GAX | Triple
overy Advanced RA
Double effect
Condensation | Triple effect .
heat recovery| Quadruple Triple effect Double
Sextuple
Performance Triple
improvement Dual
Abs./Cond. . Triple .
heat recovery Resorption Quadruple Triple Seven
Quintuple
Sextuple
Evaporation | Supplemental .
heat refrigerart Resczrl-imon
enhancement cycle
Others Typelll
Two stage
SRATA Absorption
T em;l).efzature Resorption
] .
enhancement Heating and
cooling
modes
Condenser Resorption
pressure ()
reduction
Power CAT
generation Waste heat CATR
Soluti
olution STA
transport
aFe® ERHEC A aEe oy 43 9] wlgo| & Alo]FH(waste heat), FFHA &

Hout Frdds, 35984

§4/45%

Ate]E(combined absorption and power gene-~

57, TUd S 4 el TR Aty Abd
BETEE AlES dAA ga FealelF
% 7% RS Alo]EE R. DeVault”s] 2]t
1989ell 7= Ak FHEA AlojEsE &4

9 Byl Ze) ERAtelFR Fhaeiulg|

ration) ® F+2HY5 E@(combined absor-
ption, power generation and refrigeration)
Aol Tol Atk 9o 14T FrAllEEY
EAQS Kang 5% Kunugi 570 7Adoz
A solA gt
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3. Y=o 74 e

B goIAE dAA AR g 4
2 BEEFY W5/ % 9IS aje v
A PP 239 FFANLYUE ZeAsad
2 dushn, Uy §FANSYE 3 sabEz
gk

3.1 7HHE 2¥EsA A2H

dE9] £YFF2 IdFE E 390 A v}
Zo] 7|E¥ez Yagdr diE Yok &
UE 712~ o)3](Japan gas association) F
1%, MITI(ministry of international trade
and industry) F3#31F, LPG R&D AH F3#
I% 283 PEC(petroleum energy center)
FRIAE otk &4 FRIFER TAIY 22
AE z8Pdgol & 39 A 28 % 3 Ay
of ok 7} aF¥sE dRUol-Ei BE-ziB
gulele Al2®lE BF et Qe vl 4R

N

E3 Yol g4 o7 18
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Hol-E Alagle dag g 9 GAX Al2¥9F=
MgE i, E-glEHEniols AladoA:
TYAET Alzd"o] =L ot AFEE AL
o] 7FEE Rtk & Fuid (20 RT oo
2 Ebara % Hitachi ZosenollA 7jdtss g}
I 49) A JGA 2FA AR 18I AF
T TN 2" EFXEo] Ao} w)
o] EREAEFY viasly AFEIAAHANNE
¥ (9F COPc=0.7) ¥ v (F COPh=1.4)9)
Y BF TYsth WEsEHAANE Mg
2 A& AL 2RT olsl, vl7y H$- 3~5RT
2 dEgM e FTAFEAZ Q8o vj=e 7}
A&y B ZA A AXEF
< AyEE gt A7) FEA] oojhal FYs)
A AREUL, Tt 2ol7h A71FEe] ¢ 15
Hl o2 fASES EEXE HAs. gol
Z 2H(life span)?] ¢ @A7)TFE2 do]Zr
o} (¢ 25\d) F4lo] #Ld(oF 15W), ole &
FAZA e HAFA F2 7elgit waty

Funding Group

Members

Comments

NH;-H:0

Matsushita/Osaka Gas

Developed single effect
Developing GAX Heat pump

(Ministry of International
Trade and Industry)

TFE/NMP
Sanyo

JGA Daikin Developing GAX chiller
(Japan Gas Association)

H2O-LiBr Triple effect

Ebara

NH;3-H:0

Hitachi (HBE) GAX chiller
MITIV/DEDO H,0-LiBr

Hitachi Ltd., Hitachi Zosen

Triple effect

Dual cycle double effect

NH3-H20

LPG R&D center

Katsura Seiki

GAX heat pump

H>0-LiBr

Yazaki Aircooled double effect
PEC NH;-H:0
{(Petroleumn Energy Center) Mitsubishi Developing GAX chiller
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4 JIATS TIEHEFETA dEEmo Jusg
Capacity Cooli‘ng : 25~T0kW .

Hearing : Larger than cooling mode
Cooling : over 0.7

COoP Hearing : over 0.75 with boiler

over 1.4 with GAX

Size Install area : Same as the electricity dﬁven mode

Height : 1.5 times of the electricity driven mode
NOx and noise Egi::eeimésasrlri): assghip:;ectricity driven mode
Life 15 years

E 5 JGA ZzHEQ| Hjubie

Sponsor JGA Theme
Gas company Systems Companies Capacity (kW)
Yazaki 2.2 (1Rm)
a. Tokyo Gas H,0-LiBr : m
Participant b. Osaka Gas Absorption Yazaki 35 (IRm)
1C1 S
P c. Toho Gas Ebara 70 (3Rm)
d. Saibu Gas NH;-H.0 | Mitsubishi Elec. | 7.0 (3Rm)
Manufacturer : 11 companies Absorption Daikin/Rinnai 7.0 (3Rm)
1992~ 1995 Yamaha 3.2 (1Rm)
Period GHP Sanyo/Honda 5.0 (2Rm)
(4 years) :
Yamma Diesel 6.7 (1IRm)
3.3 Billion Yen Mitsubishi Elec. 3.0 (1Rm)
budget Vuillmier HP
Haee (1/2 Governmental subsidy) armer Sanyo 40 (1Rm)

7] 71x] BAR Al(corrosion inhibitor) & A}
f3lo] H-ao 23t glo]Z Aglo] GEFAHE 2
k= 7ol a7EE vl @A ARHIEA(Cr) #
EZBdA(Mo) Tol olaigt B4& flgtd AR
Hu ok F 59 JGA FaF9 FA|F) =
ZAE Agcte] AH o] gt Tokyo Gas %
Osaka Gas& H|ESH ¥ 7}23AHe) 11749
AzE Ay FHsie] 484 BrFE fd A7t
19921 d%-8] 1995:37k4] 4%k M =A3, 1996
URE 1998374 ARjiEE g E=H2EE
Tk 2 Yol-E-2 Matsushita® Daikin
/Rinaiol A 978 733141, &-LiBrt- Taka-
ki, Yazaki ¥ Ebara Sol4 7jgdyoz AFE
F35tPk & 60 1998 Al Matsushita®]

E 6 Matsushita GAX Z2xEQ9| oyt

Abst
Target values Current status
Single | COPc=05 COPc=05
effect | COPh=1.2 COPh=1.2
cycle | Capacity=2.0RT Capacity=2.0RT
COPc=0.7 COPc=0.65
GAX cyclej COph=145 COPh=~
Capacity=2.0~30RT | Capacity=2.0~30RT

ARLUol-8 GAX Z2AE9 A3 Anst
Aol dEg9] AS COPc=0.5 COPh=
129 BEAE o] 2AsIYL, GAXY E$E
COPc=0.7, COPh=1.452] E&x]o]l ZA}etAl &
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28 @A AFehie] AggA gled, 714
FAZ Qate] FAstel obd e olEHEE HAMU

= AAoltt. & 79 @A dedM m2FA 7t
4428 FFAAage Fst wete]l A
ojgity. #A wjFelA 7igd DOEY GAX Al
2ag =Qlste] ddslehe Weke] HitachiS

FAoz wEHUL, YE IAE] AR
3 E 35} Hiqto] Matsushita, Daikin 2 Mit-
subishiZ Aoz = oY, 19983 &
A Matsushita?o] ¥ 60 H2d AHE 4o
o ATE A% FRF Ak

A4 RN ANHF dRY-E AFF
F4 Yxr|e F2 ujFe ServelAl AFolth
Katsura SeikidlA& v]=  Servelrle] =Y
of E g YEVIEG WES) +sld, BYY
E RN A @bl FAlel ol 83tES stk
a2 WEEY A28 WE7I%(-10Te W+

£5) BwiE 33 vk F 8o 19963 x=FE
1998 E7A] HE A HAX € R ol-E 47
FFAYE7I7E AT A2 ¥ s 4] Tle
S9s®). 199635 E 1998'37HA) 3 A Y&
oA 713E4AE dad %L‘?—LPP—% WE71/3]
E|7} % 288ui7t dAE o] AREF Aer FA
H9itk. Hitachi Building Engmeering"!]/‘il“:
HZo| ServelAtd GAX ZE& AlFdAe] )
=6 WICOP7}F 0622 ¥liwd w-& Holch 1
#Hy GAX Rzt HEE AEsiEo oz
Aol 1999 7IRE AlEE oA ejrh
NRE4E F5 AaEe] xoiE @ o8
32 E-LiBr Alzdo] HZEo Z4e
Ak Tale] A9 Wzge A7 B2
28371 7Fsd Aol ot diz]2%elAe]
AARTAR sl FAE EE AMEY TR
LiBr 842 N2e 58403 spketed AL

tﬂ-—/

E7 Ao JHEE ~gETA Aladel deusteet
Possibilities Status
. Hitachi : Considerin,
A. DOE Manufacturing Partnership ! (? g
(GAX) Sanyo : Object
Mitsubishi : Object
Matsushita
B. Japanese Manufacturers Daikin
(GAX) Mitsubishi
Expected to be on the market in 2~3 years
Tokyo Gas
. . L Food storage, Ice and ice-cream making
C. Refrigeration Applications . . .
& bb To obtain -50C using NH;s
Already on the market

F 8 =T dEoMe JIEHE A 2ot EhAAAR MRIAH
. Katsura Seiki Hitachi Building Engineering
Company ; ;
Capacity Capacity
Total/year Total/year
Year 3RT 5RT 3RT 5RT
1996 41 129 170 2 4 6
1997 10 7 17 11 17 28
1998 8 32 40 3 24 27
= A 59 168 227 16 45 61
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g3tn ok wekx gog: AL 28ESFY
AN2gox 71Ee B-grUo}l A A€ f2e
Al Fd4 A28 E-LiBr A2 HA
Hog A" Ro7 Jidch

3.2 oY JY8 B4 A2H

FEol-E9] Fuiy FFAYEIE AR
ol S-gHvd, F2 AFAZFTHY, A=
Azfzh, 2ACER, d WAL S o8y
I ek Hitachi Zosen 2 DaikinoiA 2 A
Abg sk, F 9ol BA YEoAA AAEHo} AL
£53 e FUE dRVe-E F54 B
Zo| AYs=loldtt. Hitachi ZosendiA & 20~
150 W¥5ES 24571 7F 2 BAZETE &
2o}l F94 WE715§ Aisked, g %
T5% 7Fssta 53 AJEnsr|s AMEsh
2¥3} ston, Tofujet ¢hELo} FXFE 7]
F9 1/501812 #AxAIFh ¥52& 13Tl
A -40TC7HA 2FACIEAH-13TC), 3perZ 2 A2
(-157C) 2 533 (-4007) 5o 8592 Q)
t} Daikinol A+ Hitachi ZosenB.ole thd &
o7 QiEiH, T2 718 gdez AMgsln
ATk

E-ggHarlole g A, € d£3
AFEo] ey Ele] RRES Qitet AL st
1 gdt} Mitsubishi heavy industry o4& 100
~1350 ¥EEY & 58 F52 WEU|E A
staL e, W IFLe o] o) IMeEEE

AAsIRh 2dolFE R0 g E 100~3000 ¥E
EY F42 3875 Ade, 143719 a2
T8 9902 AR} SanyodlME A5
B 9age] A9 30525 YEE, TV ¢&
£9] A4 100~700 WFE, 2 F77% ol
Za89 4% 100~1500 $EEY T4 B¥%
712 XAkt e} Daikin®] 29 H2d) -55
T I7E g F & A=y AL
URYol F44] BEI|E Jdsig) ER2
vlo|= FA U] B 4F4 WErY W
g {5719 WEE olgske 14T ¢xy
oA 2F4A WEvIolth EF AN A)
2d9) WEd371E <83l YWEEFWI)/&F
(FF7DE BA9] g F JA=F A9 §4
FALYE REg BE/24 5A A58
9] 7% 1.0 o9 COPE d&th 2 /s
ANEgo8E 285 FAHSAIAH] ded F
7] 9 FW7NE 3 N o Risly ARoge
229 YFE 48 7 UES AN 48
Eo] -50T9} -30TY ¥FE FAll Loy 2
=yde) Foo malr AEE 4271 QlojA] Tt
481810 {238l Hitach Incolde A%
o] 73930 YBE, @y B¢ 1500 YEEAA
7t % od FEolFaE F WEE A
she, wlgdE o83 FHAWEZIE 120~1400
BEEe £Fog gastm ok H2o) peE
ACA ERI9 WE7]E oyA1debdolA Hojd
712 AAXH, old iyt FAAA WL oS

£ 9 =T d=2oMel AAE iy Ao} ETAAAH HX|AY
(Instil(;zlg)as};ear) (Evapf)::ft?g: ynemp.) Applications Heat source

Daikin(1997) 228]RT X 2units(-15T) Beer factory Steamn(Heavy oil)
Daikin(1998) 500JRT(-157T) Milk cooling Steam(Natural gas)
Daikin(1998) 180JRT(-357) Chemical process cooling Steam(Natural gas)
Daikin(1998) 500JRT X2units(-15T) Beer factory Steam(Natural gas)
Daikin(1999) 90JRT(-127C) Ice storage and Kalina cycle Co-generation

Hitachi Zosen(1999) 140JRT(-30C) Chemical process cooling Steam

Hitachi Zosen(1999) | 55]JRT X2units(-157T) Ice rink Natural gas

Hitachi Zosen(1999) 61JRT(-40%) Refrigeration ware house Natural gas

Hitachi Zosen(1999) 69JRT(-40C) Refrigeration ware house Steam(Natural gas) |
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9] AAt) F5A AR A Agslr|E gk
Kawasaki €9 ¢ Hitachi Inc.9} A9 #
ARRE &3] HWEY FHAYESUIE At 9
t}. Ebarad FFA9E7)E 1 YEEZ 45kg
/hre} 57148188 e oux] "efygog 5
Hi1 ot YazakidlM= th&ake] o]FEE &
F2 P Aistaglth

4. <LEollM JHEE RMICH FFAILE

B Aoe QEoA MEFed 28 2 o3
AN 54 Ato]EE A% AR B
FAlolgEe] o8 /A Aoz sfdeEd
stk A GAX AIEE vZoME F2 7}
A4 Wde 918t 3RTHA 10RT7HR 48
o] 40| gojgty, YEAME /1S Yhlg
o2 L7RTIA 3.0RTS 433} 34 -50C7}
A9 A4 GAX ArlE (LGAX), €=7171 3
7H slojEal= GAX AlolE (HGAX), HIE&
ol g3k HITEF GAX AlolE (WGAX), 28
I 209 §8EAT GAX AlolE (PGAX)
5ol dAgEHI Qe EdAE E=d dA
YA i E-EHEvlol=g Yul2s}
E 2D F54A AlolEe 7 gApdE Avigd
E-2FRErlo|m Alo)E2 FE g9 APE
o2 Jjutglo] o} ol 2RTY F94] 4
FrHH Lo 2T MEEHI o], FRUo-E Ao
23 A 7L FERAGAAN AVTE 4F2)
ofolZz AAL & Aoz gl nFoA
N AT GAX A28 2 979 HH
(AEE)) Avislo] 3, RN e 3}
A EF54) AlelgEe] & 100 A= gk
E Gl aoisEE AU AtelEEe] Alzdnt
olo}1#l(system diagram)S-& gl mo}
FAHew Mduysle] k. WA LGAX Alol&
2 -50CT7AY AL FHLREE A9
GAX Alo]Z2 &9 gHo} ) 5 10,
25, 47 ¥ 60% = o] ¥AE g4 255
Hollolgt GAX 27E B84 A= 1.0 o
4e] COPE ¥¢ 4 AUrHKang ¥'%). PGAX
Al 65T ol §57] 2FET2EE o

T AL AllFRA, F47A de 25E
PP o2 (9F 45Te 29), $EVIERE o
i EE L5 OE ASIE
A& TR Ao 2ol = skt e
|25, W, FhbE 4 2E A §
£ 7 Ae GAX AllEEA, 53 =9 7}
A8 WA ARl A Ale]Zolth. WGAX
AlolER 71EY EE GAX ApelEelAE 200C
ol dol|l A dHEEHC] 7|Ho] FARF =& HH §
o] A7IA Hew, olHd Lol RAFA
& #2517 fgta, A8 AAeNA HEB(Waste
heat)& AHE-8t] FEo] GAX Alo|&3) Fd3%
COPE fA8H Ale]& U9] Hu2%E 7153
Hel=&(eF 172TCTAA Wigd) /e wigols
GAX AtolZeltt. yte] XAt GAX Atol&
28 4547 F54S ET HGAX Alolgo]
Atk STA Alo|Ee BAFEY FF2] Alo)E
(solution transportation absorption cycle)<
ey, 7|2 E3leA AUAE F52] Alo)
g9 FEAE o] &34 AHdhs oUiA] HE A
Zgjolt}. TIY 1oM B F gURe] 71&9] dd
AegrzdoMe 247], €37, 3471 2 §
4712 492 E= 020 @ AN WS
T 948 olFAES s Zolglen STA
AelZANE B2 $EVIE BRZ), T2

Heat Supply ( Heat Supply ) Heat Supply

Hot water Hot water

<

J rlo ol o
rlo

ok

>
4

Hot water
transporuation

trans; i .
nsportation |

Chilled water

transportation
o).
Solution

Chilled
water

( Demand )

a b c

a. Sensible heat transportation of chilled
water

b. Sensible heat transportation of hot water

c. Solution heat transportation

ag 1 39
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E 10 oM JHLUE XM EsAlA0IE
Cycle Cycle characteristics Development status
1. LGAX cycle Tk as low as -50T Open in literature
. Applied for Japan patent
2. PGAX Tc as high as 65T by TUAT and Tokyo gas
Te can be reduced down to 172T with a
3. WGAX cycle higher COP than the SGAX. The ii‘;a"Té’lfti“t :;y TUAT
corrosion may be solved. o g
Energy  iransportation  purpose by .
concentration  difference at  ambient Open in literature.
4. STA cycle temperature level. No tube insulation is Under development
reqf;e . e © by TUAT and Ebara
5. Air-cooled Residential applications Hlt.a](.:hl Ltd
HyO-LiBr cycle Ternary mixture D Ltd.
2 Y ary mt Commercialized
6. Two-stage . L
absorber cycle To lower the chilled water temperature as | Hitachi Ltd.
low as 2C(Hitachi) and 5C(Daikin) Daikin Ltd.

(H20-LiBr system)

7. ACA flow cycle

The cooling water passes through
absorber, condenser and absorber again.
The cooling temperature ranges from 32
to 39T, so that the pumping power and
pipes are reduced.

Hitachi Patent.

Combined absorption and power generation

low as -20TC

8 (?(Izlli)nzy(flile) cycle. NH3-H20 absorption system as a | Patented by Kalina in 1984.
v bottoming cycle.
9. CAPR CAP cycle for refrigeration applications as | In preparation for patent

application

10. Dual loop double
effect cycle

A high efficiency absorption system to
recover low temperature heat sources such
as river water or seawater. Use TFE/
NMP,

Sanyo Electric Co. Ltd.
Under development

11. Triple effect cycle

Driven by high temperature steam from a
garbage ircineration plant. Use Nitrate
solution at high stage cycle.

Hitachi Zosen
Under development

12. Seven effect cycle

An ideal COP of 70 with H20-LiBr and
H20-NaOH

US Patent by R. DeVault
in 1989

13. LHECUS

Load-leveling Hyper Energy Converting
and Utilization System

Under development by
TUAT

7ok F571E Fadel XA gde| FER
o glalA AdixE AL sk AU T
4 ggAzgolth ti7lemolx oz o)
ThsstER Fede] wdo] dagly, FEdlel

AHF FEe7h oA dgolnz £Ee
Atelz7t 7)1&9] & in
B} /102 Zol=x Aoz »udYct (Kang
5'). STA Aol

T
A~ 57]
=

2 9% A A

& g0z 2-gEu vl

ol
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E EE gEUolBE AMSY 4 glow, gy
ol-29) o] B EFHA oz wusYck

&Y oM & FHE AR WIge A}
BokA Fote HEZsh= M2 e Alo]ojtt &
A Ao o] FAt A AT e st Yo,
712 2o 9] A3 EAS A7) A 4
A EE ARlY AM2e Yol o] g3sln Yrk 8-
g EHEolo|= 25 F42] Alo]Z& Hitachi®l
3% 27T, Dakin®l 3% 5C7H419] W4g d&
T AEE AAE Alo]Fo|th ACA 3E Alo)2
< Hitachi®] S3&dE02 F5719 $5718
B YZ4E o) 5712 B3 o,
o] SEH-YE 7189 32~37ColAM 32~39
T2 AAIZ Alo]Zo|t}. Fojzl ALl thsio
U2 LEAE ATEE Yz §32 ZojA
B Y24 ujge] 2718 2d 5 gE=
g o] dokd AlelZoltt AAZ Hitachiol
b 30%9 HEFHL AR = = Ao
2 BuHriAizawa'”), CAP Alo|2e F4
A3t FHRAAe)Fe] EAlelER Yo
B9 Ato]Zo] @A) EgAto)Z9] vl Alo]F
(bottoming cycle)®2 o]&gt} 19843 E32
9¥ Kalina Alo]Zo] CAP Alo]2e] 3 o224
THEAAIERE RE9 YIS o839
YEYol-89 FFAl|ES TEate, ulgYA}
ojF9 E&L o % AEE 7|ES WAl
29 &S BRE AT ), Ax T2
9 Z&E 9 57%7HA €8 47} itk CAPR
AtolEE o] CAP AlolZe £-831 wrdsd
I A A2 YE FAY BE 5 JEEs)
= AlelER @A -20C9 Hedde dAsy
7 A D& S Qe AlojEo] AR Fo )
oh o|FFILo|FTES Alo]Ee YR NEDO
ZeAE] YR E Sanyo A7l)A st e
LS o} 83 1FES F52] Alo|Folt). o
2= TFE/NMPE o|&3t1 9t} &4 Hitachi
Zosend|Al 7l AF5AL Alo]Ee 2y
27Pgor REje m2gdozm TEEE Alo]
R I 2oA S99 ety AL 5

A37] M 14E FZ A+ Nitrate 588
&AMt AFES Alo]Ee AT nieg
o] 1989 w9l R. DeVault7} 7Hu3t Ro
A EE FFAtelESoA M 58591 =
& AlolEE o]2 COP7} 7.00)m, fdoz:e
H:0-LiBr# HO-NaOHE Algsit} Zowm
LHECUS(Load-leveling Hyper Energy Con-
verting and Utilization System)= dA] d&=
o] TUATAIA 71E52 Ralgzs), ouxus
R o] &Aj2dloln}, WA ARle] wWlE 2 ey
&7Pgo 2R E9] HAYL o83l fuix|E 9
AgerE 2 ARs 719 £aZ1A 49
o] JEsh= 214718 Boldx] A2Alol= A
2gojt},

5. H7iHMol ofst ol2iay oiFey

& BelMe FFAHT A s 9 2
BEHEY A% WrhEe F9sks vy
< Wt 2@ sl ay ol F(Marangoni
convection)= FTAE HPeE o s
S8 ZAFE Aol oalA AR FuAA
Ash= oifolm, AA} 742 8L Z7MA
FTETE BAFE 4%g 9. E-ggren)
ol= Al=®lo| A2} Kashiwagi model, Salting-
out model ¥ Solubility model & 47H8}3, <
EYol-& Al~#lo A 9] Radical-out model &
7hN 3L Aol $hA 28T @A) v)FEa g
oM Bag 9 olFELe E-glHrEnle=
AlzdloE SELZ(2EIH) 2 n-Octanol S 2
2 AR 9o, AEEgo Aladeae
200C o) ;Eoxe sjata] Baddo] o)
A AZE 7Y Ade) a7ga gle Ao
O GRYoRE A" e olhzkx] A x|
Foll AHgEA] @ don), Ao ApARs
oshd Al S™YLF(2EIH) 2 n-Octanolo]
o 7B FFAETANM FFHES M B =

AFE AoR BuHI Y (Kang E9)
5.1 E-2lgE=0jo|=

a. Kashiwagi model(Kashiwagi, 1998)
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E 11 LiBr =8%0A o2ty ojF =S Hju
Models Kashiwagi model Salting-out model Solubility model
Negative concetration gradient of
rf tensi f lubili
Onset .. Salting~out effect by s.u .ace msion . before - solubility
diti Additive droplets surface tension gradient firit
141
condition g Imbalance of tension forces after
solubility limit
Valid ranges After solubility Before solubility Whole ranges
Jdo aa ao <0
. . axLiBr w/0add ) 0 axLiBf w/ladd axLiBr w/add
Criterion 0170yt 03 and
- <0
axLiB’ w/ add O']) 09 + 03
Kashiwagi's E-#l5R2nlo]= golo] A 2o Faslgok AAZ solubility 29 E-d

AU gFE FFE F dojue 5udy
7 A o] €% (imbalance)ol 2j8]4 Uof
v F4EdoA drhAe]l AF o] &7 7|8
Heow gydvn FFsH, o8 FFE7AY
ARGES d¥Hor FAHsA s ATe}
A ArE s

b. Salting~out model(Hozawa %, 1991)

Hozawa $9& E-glErIvlo]s gofolr]
A7tA o] dFo] FFEHA SAeHA] ¥+ e
AME oty iy TS vEd, ol
EQE mldaddife E9gEe] FEule
oaix st YUY AAE o)z dF
AEE (Kim 5'®, Daiguji $'7) 598 972
5 AHEYTk o] B4 salting-out AL B
A0l ol o8 Li'e Br &3 Agsld
FTA7HY EAlEe] "ojAuvel E¥og o]
ok @4E 9uldi

c. Solubility model(Kang %, 1999)

Kang $'%¢ 8712 M2de §537Hhe &
a3 W AEYEE 483, 389 5= 2
2ETHE APAHoR dojA 78 e} v
g F, 9o §F 2de ulgay giFE gury
o A9 & ¢SS Wilx oy Unky
gd& Atk & “oladay diFe 71299
2 FFANAY R E(solubility) °olWelAE
g FEFulols, EIx o]FME B
A 2 ARABE(tension forces) B3 ot}

FuEvlols fooll YN AHTIE
4T 9940 ¥ dAY B-AF
BErlols §odld 7} vlgmUnFEdel o
& vzt & 11 A2ide] Atk

5.2 zio-E 8%

a. Radical-out model (Kang 5, 1999)

Kang 592 E-gmuje} foloja 17 2¢)
velhd gdgEe] FETulE d¥3os gy
Wi, 83l ofjolA FEUel-& g9 W
o] FxFulvt vigayoiiel 7)1 h9le]

4

Jo
>
axNH 0
3y/add
=
S
1723
=]
)
3
<
& w;
thoy, addjg; ve
Jo <0
axNH
3yioadd
4>.
ANt
a2l 2 admujol- & AlA=oAM EHZERE 9|

257



J8 3 &zuYol- 2 YoM of2tny o7
9| 7IAIZH2E1H 500ppm)

o, 3= o]FojM E-gFrEnlol=g} ot
2A 339 ¢ AUZHEEY E9Ye ngay o
7 EAe BETAR H4E F S-S v U
t}h. o] A% radical-out 4L YEYole] F
FAel os)A gmr]o} =81 AU A
79 4 7](radical)7t BolA vt F4EA
o olFde WS owgth 19 39 gy
ol-F & SELFZL AN w Wl
TYNFE 7HA st Aoyt el Qo

Aeletd, E-ggrRErels 9 gwyol&
AagelA 9o RAES B3l HEI5E &
THHE H9¥ 71 ok a3y FETFu)e)
A7]¢ ol aYiFel FEete] BAE oz A
PHog WA gdkm Fozo AP
2 do} gl

6. AMMICH 54 SH

#A vlFo|XE Trane, Carrier, Phillips
Engineering, 2232 ORNL/DOE ¢ ¢j3} €
Uel(ternary) E= Heie)(quarternary) 4
Yol EfHg-o] A"l 45g ol7] flslo
ALHD ot olge) AFAdel s, gm
Hol-29] Edtdel A(salt) & H7ksha F47)
o Hamzke] g el FUkste Alxgle) A4
Fol FeHY, Ao FARAL 353 Fote)
= A0 YT H2o)= ORNL/DOE 14
‘Q2Er 2Ele MBS ARYE gdxRdol EEE

ZERAN - B LE H2BE F 4 57(1999)/31

ol RAXNHS A F AR, GAX9
25319 WA ¢RYel-E9] nloye](binary)
S} 2ago] I ZaHE Aog B
AtKFiskum 5%). HO-LiBr &9} #$ 4
FEEA 2] JEEm el a2 A(eF
200C o) 71€9] H/HA(EIH)7Y 8=,
Q18] H|E](Inhibitor) 7} B<Hafixle EA71 24
HE ez duiAsi weld v=e] Battelle
Atz Hde NAXA(DOE)S AARAhoz
MEE A3ME7E H7ke ZERAE eE
914 LiOH-LizSO4-LizMoO4-LiBr-H,07}
% ot

A2 wlgAlEMatsushita)  3]AblA
FEUolE9] GAX AlxHe] A5E &ol7] 9
&4 NH3-H:0-LioNOsE AHE8la glov)
ZRIFH oA BAEA = sAsojol & £
Aolct. H;O-LiBr €2) 7%, F71#] HigkolA]
AeHAZY A7Ha o)k s vEs TYs
Al AFEE A" meoMe 318ty Eajd
g3t AsulEle] B Fol BE A7olw,
o v FY4 H.0-LiBr Al2de s}
719g Aol AFEL A2 LR
LiOH-Ca(NO3);-LizMoOs-LiBr-H,07F  m#
s gith 349l 49 LiNOs-KCI-LiBr-
H07t AR 259 31708 2302 AFHw gk

7. AOIE =&

A FLAAlolEe QgAY Zragors
ABSIM(ABsorption SIMulation) % EES(En-
gineering Equation Solver)7} itk ABSIM
< =9 A URIE(DOE)e] A|sle]| o]xgled
9] Dr. GrossmanZ} 7Hd3t ZEEYS F54
Ag BEAZZadeld. F4d AlAde T
£ 1271419 dagr] MuReo] 2350 gl
2-SlFEErel= g gRyol-52 ¥ st
137FA 9] F4898 283 = QEE, Zzte] @
B3 Z2IE0] UFgHol otk st H2o)
AEE ABSIMW 5.0600% 27171 #7199
i, AsHeR =R (Parametric analysis)
o] ZFedt=E3e 7lEel H EUTE ¢y,
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EESE Wisconsintigtne] Dr. Klein Z159]
et vy dig=2] 2 oA §E Tl
+ Z2agelc), EESE §474) ®utohyg) o=
Ao AMEEE o8 714 & 2 WrjEy ¥
BAX ABERES UFsa o] ABSIM Rt
= B ol 8Hz vk a2y FEAAA
o] BALE YA ABSIMeo] 48 71x] AF
BEE7)1EES X3 Qo) f-8ah, 53

z2EAENAE HES7I7 o &ol3itt
8. ZE ¥ M

B Ao e AAY F54 dEz) e
A5t AA) wlFI QRN NEHT e §F
T4 71EES A B8 e bl oo HE
2 AJEZ B AFE w2 A 3ok

) AlolE 2y 2 At 54 AlxH

YRUoE AlojZe] 79, A:N 274"
Hb g2 GAX Alo]Ee] AulRe] gRye}l %
Y& Add  Qla, HA9rjeiA sy zst g
8 A HEZ, AAAQT rdAd HoA 7HA
| % A% 498 gz g Al A
oJ# #Wudr} slojHg= GAX AlojEe U
T 3 el BF &89 4 3RS §- 2dxd
EtolEE Bd GAX AlolE 37 1A%,
287 %8 9 oz Z&F JA5-BHNA A
Adl F74 Axdlern FHAY 53 w4
GAX Alo)E& ghare] 259MA 9] ka2 e
= $8E 7 U Azyog oz AFg4
ojt}y, oA ARHL Y AR FFAL)E
B2 Wy, ARSE 9 B3t A A8
HellA] &-8o] Hx glt}. 53] STA A2, &
¥4 HoO-LiBr Al2®, &3y AJ2=l(CAP
cycle) 2 e AAUESFA] AlolgER F
AT, o] 71x] dlojEE AAEEo] sy
I Jenl F4-2d dojuas, E4-F0IUE
4l slolBeE= 9 HO/LiBr-NHyH.Q 3hole
2= Fo] AFHa Utk {52 AfolZe uA
82 93lH= H:0/LiBr-NHyH:0 &% A}
olFo] ATHIL Q& o, 0T o)de Fexo
tiste] H:O/LiBr Ato]24, 0T ol&te] Fuke

Tof] tidted NHy/H.0 Alo]|2& Agap= &lo)
Bajo AlolZo| ZEiAl e

2) A% 2 AEY 2]

A 43S 2agle GAX 7H3¢ &9 ¢
PE By, 71&9 A2 TEA GYZo) AAY
< Z27) #skd ¥y 28-S ud A4 ERA
FLoE HAag ¥ COP=07, ¥ COP=158
PEE ¥t 47 7HA 8] AFQ] 2712& 3RT
SNEeE FEXNRZA Fo] 9%B0mm, & 960
mm, 2831 Y] 500mm F°] FANL s}
o gl3d Ao Wyridoh

3) AAg, AFuE 2 F5=4)

A o= dRME G o-BAjAE g
AsE wo71918t A8 71A) Akl mE ALY
EFEAE MEF Uk PEAME GAX A
28] 4%5& ®wol7] 98- NHs-Hy0-LiNOs
& ARESEAL glov, aERlgh a1 RAE
Al ddHojor & EAjolt)y E-2lEranies
Aol Ae, ulFoME 2E A3njE s} H
7t AERAE Sl Aed LiOH-LiSO4-
Li2MoO4-LiBr-H:07F 2% shttelt), ¢ EejA
€ T Wkl A 2eRA7E AFEa ok st
U v5 3 3O AFEE 299 oA
o] s Eajdda) <s|uiele] Bk S &2
at7] #1g dFtold, e shie 3494 H.O-
LiBr AN&gs 7Ads7] 91 Aol LiOH-
Ca(NQ3)2~LioM0oO4-LiBr-H.0°} AFZF g 8ol &
&8 A ArET u, FEAL-ge B
LieNO3-KCI-LiBr-H:07t AAR%9 33
EAoR ojgH1 Yo} FFARE B-gFrE
ofol= gl gRUol-BAl AR A T S-S}
SELEo] 7MY A FHAHEA FHH
3 At

4) 21M17] &40 A

373A3HR AW E AHEslEE 7]Eo)
AHAYEE AT FAD F2E Yo &
Mol glom 5o distet AlF 4835 F
A AL, TUEY dPE TN L 48
78Rkl E Be $80] 7ldEd g2
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