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Fig. 1 Ratio of unused thermal energy from primary energy to final energy consumption in
Japan (Graphed by NEDO, based on the 2018 report of Agency for Natural Resources
and Energy).
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%1 AR L DR O RIR L

1R AR N U R E ORI AL Hdfr

11 DRI R OO A Rk S B R S BR

BT, A IR AR U AR IR B A R O BR RS I DWW TRk 5. RET
TEDBALLT, WA RIS D7 I A IR IR 2 D2 LI k> TED I AR E
AR A 2 HIECHOW TR 5. — B RIS B O EEARE U 1-1() D &5
\Z, ZAFER(E), WIZR(A), FAEZG)BIUEHEER (O BAD > TWD. BLLE L F
RS TR T, 26D EFEIEK 1-1(b)DIDICEES TN,

RIEEHE)TIL, 1/100 KJER M THD 600~700Pa £ (2 E A=K e TR s
I, ZOEFETHKR2E OB B UBHRRNBHISND. 2R TRA LI it
ARRUTINZRA)~EDND, WL ZETIE, IR PO A (WA LT T ) 35
T2) VR HK THEAISN TR A KEWRINT 5. MR K[EWI LT IRIE, A
(G) CHRENENFIZ Lo THIEEMES AL, FFOWRINERICHHGSND. ZOLE AR TlEm
BEZRRMDRAEL, BEEEOIED NS, Biffadr ClX, ZOMBAKBHBHIKIZEST
WHSNTHBERE 72D, A aIcibiasing.

W U745 TR D VEBN AR L Ui, W BTk, W (B IR) 12 ALY T 7 2K H
HANSNTEY, —#KIZIK—RAEVTF T LR EFFEN TN, K —RALVF T LR LS
DIFERL L T T =T —KBZDR—HE LI TWDN, TE=T DmEtEs
ZAUCKHE LI IERH O RBED D, TRV KA1 E > TRV, K —BALVF T AR T
1%, KREMEELEL TODTENBIEARE DORIRAIZ 3 L CHASIRE O HIRIAHY, PrE
DB EBETHEMKOH OIREIL 4 °C FREN FRTH-T-.

ZOFFNCK LT, Fam 3.1 BTl o= x i 7 my =/ Tk, ZRaaN
2D BOWINANZIRA L CHASIREZ K T2 L8RS (NH, 60,
2006) . ZORAFETIL, D EORINFIZIRE LB ilta HEGEHBE EFRL Tz, Ll
IRING, WY A /TN TRIEE L TR BR & 2R3 13K DHLE )y THY, IR G L
DIEFRITAIRLL AN EE 2 5. EZ TR T, M Ch D AKITRIAIZR & L7278
F& N OVEBN AR [ 75 VR ) R T 20D LT 5. ZOEANIIA G SCE — O HEE
IRPATIHFETHY, ARG EDBRDTRNE 22 O L2 R A DL IZR 5.
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< ]

| E C e Hot water
- (Heat source)
' :. EEEN  F I NN

‘ TY]
Cooling
I water
+ - " .
_ \ Liquid _
Chilled water refrigerant Solution pump

(a) Cycle flow diagram.

Absorber (A
*) Condenser (C)

Generator (G)

Solution heat exchanger
(SHX)

Solution pump

(b) Commercialized chiller.

Fig. 1-1 Conventional single-effect absorption cooling cycle (a) and its application (b).
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1. 2 iR OME
1.2.1 VAURIR S IR oD B4R

AR OTE S S 7o Tieb EE iU, IR A~ORINA], T7bb RV F Y
L (LiBr) DR A&, 5 WX U @R IE O S B IRE ORISR Th 5. IR
DI T, Ay IR DAL L —AXAYIC LiBr O B &% N EIRIRE L THWS
LTS, R EE 0~20%I331T DA TV IR DR FE L U IR EE O B 4% (Sakiyama et al., 1999)
M 1-2 1T BESIRE ORE TIE, @mEANCRDRREE B Ik T 572012, TFAR
BEA SR NI IR B 2 5 R U T A WA I A B AL TR 2 I HIL GRS R S 7
%, FREZ R~ 2 BRI, BB 52 R AR L 7o Re RO E 2 AR L LT

A.

0

£ \ﬁ\,‘t
1o )\q
J\‘D\

0 ] 10 15 20

Freezing temperature (°C)

LiBr concentration (%)

Fig. 1-2 Freezing temperature of diluted LiB1/H>O solution (Sakiyama et al., 1999).

ZOOWHREE DR T AR A TR A 2 TS T 254, BERoEEEEZET5
&, BRSIRE TR BBAD H DR E IS L TR R R R T A ERDHS. ZO4K
I, BASHIC L BEZRIRE N D EAKIR 4 °C LIL, [FfEMEZEHR 5L 5°C LLEE
EZAOND. BIZIE, 1°C DHKESRLGEIT—4°C LT, —5°C DR RIRESGDY
H1E—10 °C LA N OBFEIRE LRI, AR OREEZRETOIMLERDD.
1.2.2 Wik B LR BRI R O Bt

ARIEANOBIRZ R R T DL, RFEIBMOBEWEROK TAAELD. ZhuT, s
BUE RIS VDU FHRIEEDS 2 17 R L72D Z LI KRN D SRS J5 M2 E R B
WECHZE, WA RORMED E 7L IZE5bDEEZ BN,
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A IR Z B 1T D7 FE M 2R o0 FE 5 R (Sakiyama er al., 1999) & [X 1-3 |Z7R- 7.
FRIIRE 0 °C IZBIT BRI RITHE H 328, MM ELDK) 4.0 kW/m?K 2D EE
10%TlE 3.2 kW/m?K & 20%FEIR FLCWD. 272, SR Ik S PMERE DR
NS, RE LT EER A BT D7D, A ERRR AR RE T DL END
%. 22T, [ma-mx i7" ay =/ b TiX, AR OB E 25 EFHERE R E L
ARV FE 2 A9~ 2 i (P8 11, KN, 2004) ZBRSEL, i BED HHRE E 78RR EL
PEREDIK FABHIEL T,

FARIZIE, AR OB ERER Rab i, RIRAF G~ ORGSR 2
HHS 22L& T, A 2 i 2R g L ZHERF L CD.

1. 3 [RIRMIID B DY A 7 VAR

VL EOFERIROMEEZB LT, =5 °C ORHEESFHZLE BHEL TR 14 (TR
TH AT NDPHEEINTZ. 2OV A7 AL HRIRWIA A7V | ERRE T, 28584
UL ER D AR, IR D 2 fHET2 > TNDEEBIZ, WMIRMIOZAFE L THAILT-Hm K%,
IRMI ORI ER OB EIKEL TR DR TH 5.

W (i) 1%, 1. 1Ei TRl L7 X9 I AR S TS N TR R &2 AR S,
C ORI RS T AISIVCREMRIRL 2. s TARRLIZmEERE 2 oI
I L CTENE IR RS AR LRI AR R AHITIEY, K78 AR CARE S TmBVE 3k
SHD. ERARAREHEIE L mIRWINERT 30~32 °C OHHIK THAEISNADITHL
T, RIR AT ZR &8l U7 AR SR L m IR A ae DG S D 7~10 °C DmEIK
TIHHEISNDTZOITRI ) 2358 <, ARTRARTERR N ORI EZ—10 °C ETERET 52
EWTED.

I CIRIBARFE RN O M IR, 785 E—10 °C TOWKEZ RS 1357 DI HiHi
TRV HIRIRESI TR, ZOURFEZE PR3 272D AR O FE 4 £ 57 23 H
WHNTWND.

728, X 1-4 (TRUIZARIEBREWUNER D 2 B RRITASGR L B TR L4514
TNITIF AT | O—FETHD. X 1-4 OIRIERIY A7 MATFKFE IR BRI % 2 Bt
HEREL TWADITHRIL T, 85 35 CHRORIRERE 1 7L TIIR I Z & 8% 2 Bel
L7cbDTHY, RO THS.
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6.0

k5 5.0
5
=
(D)
S 4.0
52
< Y
§N5 3.0
5=
2% 20
= 1.0
153
i

0.0

Film flowrate: 0.046 kg/(m*s) |

____I____I__v

-10

Evaporation temperature 7, (°C)

Fig. 1-3 Evaporation heat transfer coefficient of diluted LiBr/H>O solution.

Heat input ::

Generator

(&Lisr: LiBr concentration (wt%))

Refrigerant

Condenser

A . o
Absorbent Refiigerant (H,0/Liquid)
(LiB1r/H,0)
- Y  Refrigerant \J
_ (vapour) " High Temp.
High Temp. Egl o?e]tjtlgr Evaporating
Absorber \ﬁ\/ temp.: 5°C o
Mixmg
A - :
Two-stage Internal (Control freezing
Evaporator/ < heat point)
Absorber exchange
- y Qutlet: -5 °C
g fgw\g;\ Low Temp. > |Chilled
P- Evaporator water
Absorbent Absorber A
(LiBr/H,0) Evaporating Inlet: 0 °C
temp.: -10 °C

Fig. 1-4  Schematic diagram of low temperature absorption refrigerating machine

which was previously developed in “Eco-Energy City Project”.
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1. 4 [RGB O 32 AL

VL LD BRI OVEE 2 T8 A LT A 7 VRS RIS X0, (IR IR I 4 -3 B
3, EAbSe. MR ONBIAX 1-5 1077 ARG AFEFIELT, A —T—D
T AGETHE~OWEAF 2352 (WH, W H, 2006) . ZORIZBAESFIH ATRE
THDHN, IR R ITIZE ST, 2O EL T, Efias CHER LM Bk
ZEnii, KR 2 DOZAIEEHMAG T DK CTh D70 PR A LR 53 8 5 O WL TR
BRI THY 172 2720, 4E 2 R L TO L EERIAM R E OB F LW AT B
5.8 2 B, 8 3 BSOS T TSR NI HE | ORFZEBE 3 1B 35
DTHD.

Fig. 1-5 Photo of the low temperature absorption refrigerating machine with diluted

LiBr/H>O solution.
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B EIREEEE LA R a2 — gt

i
N}

<~

il

2.1 %%

F 1 mETRAZINNG, KREBBE, RBALY T 7 LKA WA & 2RI T
1%, 0 °C LA FOARFIREEGHIDIT R RN O MBI D BOWINAIZREG L, Ak
WRIRET DI LIV BHAEIREZHIAKD 0 °C MO TS HFENHNLR TS, K
L TIEZ DY AN % T FFEISIR A7V | ERRL TS,

O, B 1 BTRAISIma =3 a8 () B =px v —+k
=, 1999) (ZFUNT, Ay iR O WU L FEE S (Sakiyama ef al., 1999) 23 UGS 4L
7=, TR UL/ U | LR C IS, C ORI A IRIR D O I A 78R8 S
HHZELIZEST—5 °C DT ITALEHAT LD THHN, BAERBUTIRE B IO
LAV D BT % 2 RO R B LWL R4 FF oA R (2 BeZR W) 12 L0 172 &720, —
FENHET 0.485 (Kt 2000), 0.58 (PN H, PE 1, 2006) FREE L7~ TUNA.,

— 07, Bt BRBHEES OB CTHOLNAREIRE 10 °C L FOWEAE T
1~3 °C FREDHKDFIAEETHS. ZOMWREHICONTL, 2 BRI E % F
WIS, — M ZE R O W TR & TR S5 O AR o U CAR TR N & 7 IR e 975 2 L
IR TR A G TELATREMED B D . AWFIE CTIZZ O AU B L THRZKIRE 1~3 °C
FREEIT RIS T 2 I B 2 et G oL, R ORI 74 U & KB L C TR RIR IR X
EERL G AR i AL PR Y

WIS SR DB I B W CIE A7 — s ar WA T CTHD. BRM
21, BRI, RALVF U LAONEBI R R AX — DU I SEFIREDET
KU TR M RE R S8R T — 2D B2 D52 82D, TR E DR 28 5k RSB
&5 (GRIFAh, 1987) . 2O iETHEEFI AL ZE 20 HI W A 7 L D Rt E (G,
1995), —FRNAWIL A7V ~OYEE N J7iEORE VB, 1997b), —E%h %
DSy At Zh =R OFET (Fujii et al., 2002) (11 A, 2004) 72 812iE ST,

ZZTARMIZETIE, 2032 —iar FiEE PRIERIG I E A 3224128
27T 1~3 °C BEDOMAKIEEDEBNELRFIL, £ O RES LI FE RUELEME
FIRGET D, RETIXTOEARBEMELL T, ZERIBNOMERKEEB LI A 713
2L —Lar HE R L, 72—V ZRREIC L TR R EE R 5.

~

TR AR ST 2 T Vol.39, No.1 (2022), pp.35-42. 1B
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Hot water
(Heat source)

e
H

_.b__.! \Dilute '......‘ .......

Chilled water solution Cooling water

Fig. 2-1 Cycle flow diagram of absorption chiller with 1-3°C chilled water output.
(C: Condenser, G: Generator, E1, E2: Evaporator, A1, A2: Absorber,
SHX: Solution heat exchanger)

2. 2 HURIR RN O O 2
221 FEAKER

ARBAFE CTHRIGL T2 RIS A O B XA X 2-1 (R d. FEARERIEX 1-1
DIRAKBE— B ARAE HFEL R —THY, Zh3Rm EFB LU CHERBIRERINERD E
T 2 oy (V6 O, 2005) Z 8L CT0D. o EOF I % 1, Bz 2 L
L5, B/ OARFEZRITIRA T DM IR FEOZAREREDICHIEIh TN 5.
ZIZC, B2 EERE (two-step E/A) 1K 1-4 127”72 2 Be 7838 WY (two-stage E/A)
CIIBIR GBI IEE S,
2.2.2 ZEFIREAR T 23EERR COP 1252 B8k

BIR O PEtaTE LT, RRIRE O FICL DB COP ~DEABAE 35, WL
MY A 7 O COP 1ZLL FOIITHE D (FE, 1991).

AN EEROTFNF—BL R e — U (2-1), 2-2) TRINSD.

Qe+ Qp =04+ Q¢ (2-1)
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Qe Qe _Qu Y _
T5+T5_T;_;+Tg (2-2)
ZIT, T EENO LR EEZHHEE TR L O THS. B A7 1T

BWTLT4=T"cTHY, KQ-D)EEETHERQ-2)IFLL FOINITEFE TED.

Qu , Qe _Qu+Qc_Qa+Qs
T, T, 1. T;

(2-3)

ZZT, MY A7 VOB COP (COPy) % n TRTE, n=Qp/ Qe THDHND
Qp=1n"Qy ERZND. ZOMBRERQ-DITHEAL, SHIZ2KE2Q, THIDE, HK(2-
3) 1THQ2-H) DI y EFIREDOBHRICETEIND.

1 n 147

Tg;+Tg: T, (2-4)
2561z, KQ2-H% n IZOWTRSER(2-5)D I 1T70 5.
Trp(T; —T¢)
= — 2 —
=TT Ty) (2-3)

ZITC, Ta—UU R EIZB W T X TO SR BRI R O JF 4 18 A E R
BECIE BRSNS (KE, 1980) EL7=F 22—V ZRIRID LS LT 58, ThTE =
Té:Tg, 37206

T*2
Ty = -2 2—6
¢ =7 ( )
DREALT 5. ZORRE R (2-5)1C1 5L R AN ELND.
T
=T 2-17)

SBIZXQ2-6)0D Tg = /T Ty, ToHoH16, ZOBREXQ-HIZEM T 5L, 7 13k
DI AR LR T G O E TR T LN TED.

n= P (2—138)
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K- L~ THGH COP ZRHHE LR R X 2-2 (2R T. KBRZ O HAEE TIEmK
Y FHEE B X OVEFSIRE N — R ZEF I L TR 5 °CIK T 950, ZO X85 COP
1349 0.01 X F95%.

0.90

0.88

0.86

0.84 |-mdommmdm b

08 |+ Tp+273.15
COP,, = f—
= | Te+273.15

0.80

Theoretical COP COP,, (-)

8 6 4 2 0 2 4 6

Evaporation temperature 7, (°C)

Fig. 2-2 Effect of evaporation temperature on the theoretical COP (COP).

223 ERYAINED G
F R A7V CIE, 8 ORI B A7 WAZK L CAEFR RN OB D & o
N ZAR A L TWBIEND, Y32l —iaildhizh, LLFD 3 a2 EET5.
(a) Z&FE 2N O SEHRIR BRI XA A O W VE (Sakiyama et al., 1999) (RPN, 2000)
(ZHEW, IR CH DMK OEFIREE L DIREEZENAELD.
(b) RHEMIIBITOERBEBMRZERIIHEBRIKOIRE FREEBITRTT5
(Sakiyama ef al., 1999), ((M)EH=x/L¥—t % —, 1999).
(c) ZRHIRNEIELR - DATVEIAIRIR 1L, WIEZR R ORI L OGRS OH
PR BEDIRAIZ L > TE(LT 5.
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2. 3 TR AV DLIal— gy
23.1 BEBEGZOET VT IE

WIS AT NV DL Il —a Tl BRI LB, =X —I 3
ARlT, ZDa Y A7V T7a—I It TR T2 5 IER —INT AW H TS (Viiet
etal., 1982) (FRJFH, 1987), (G, 1995). ARBHFE THhIGrL L T DHIEAKBRENEL DOWLIY
W AN DL 2 —arEUTUR, RKBRE— MR 7 O VN B, 1997a)
WD, FZTAMBIETIL, ZOMTET VAR ERITHAL T I2L —i a0 2T
o, T2 LR ZRIZ DWW T, IRENZIR R D I A IR IR E IR R IR 2 B B L C
B EET VST,

232 BT 28I EOET IV

T2 3EIOEIEEROFRET VM AT DS A 2-3 1T RIS B
ARIEERTIL, ABBVE R IR A R L Ot FIRIBEA T k3572 00 IS F 2R N T
BEAPEER T AR T ERLE DR IT DIV TND. ERDI 2 —al TR GO
FEIERIGLEL TCNDTD, GBI TR AN OIEER THY, FHEET L ~D
BB TIRR . ZAUSH LT R 2 FEIR OGS GITAFIRE DD 2 DD7K
RO AL IEER T D120, BRI DOET Vo ZITBRL TR A BRI 2%
ETDNENRDD.

WINFZ DWW TIIZRFERR L RIARIC BT 2 EIREL 2 > TODDS, EENEAD A
TNIVERLIFERTHY, ZKF AR D IORFIFERILBE AR T2 Tew, TERLFIRRDET
NWEFATNTa—I -T2 fLSEEL.

AKBAFE TIRR IE0E B L B A A IR OB BRAR IS L7020, B ZRTEI a3 D A6 7 12
KIZLL FDIIIT75.

TFEARIZE T % (B1) (22U,
RS KO IR OB I D

GrE‘i + GdE‘lz’ = GdElo + GvE‘l (2 - 9)
WU (FRALY T ) DY

Gapri€apri = (Gapri — Gup1)€apim = Gapro€ario (2—10)
T T gy i, FRBEEEH O, BRSO OB LR A T D1 O f IR,
ol FRE R DA IR E T D,
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IS O TR IR D = L — IV S 2
Ggilvp + Gapribap + Qmr = Gagrohagio + Gopi e (2—11)

ZITC, AR DT AN Dy s By, PVEME (Brunk, 1982) ZH\WCTR$ 5.
KD TR —IN

GwEhwEli = GwEhwElo + QEI (2 — 12)

Gari = Gaglo

dE2i f thlo

From condenser dE2i — édElo

Upper evaporator
(E2)
GrEia T wE20 [ )
rEi hwEZo

h---j'ﬂir To A2

— o -

[
I ( I am, &amzo J
EL I
—
S 2 Lieai Gaeri = Garo
= =1, = Lo hae1i = haeo
L 3 1 hyei idEli: @Ezo
L p— | = NwElo
=) =
A~ o1 - \
l- e - ...
:_ y GvEla hvEl
ot J 0
- e e e e el -

TwEli E_,dElm
wE1i J, J’
\ [ar1, &apro
Lower evaporator GaElo, Nag10s EdElo
(E1)

Dilute solution

Fig. 2-3 Simulation model of 2-step evaporator.
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BRI A (B2) 12OV,
R KO IR OB I D

Gap2i = Gapzo T Gum (2—13)
WU (ALY T 7 ) DY
GdEQideQi = GdEQofdmo (2 - 14)

IS KO AR D =3 L & — IS AL

Gimaibapa + Qre = Gapzohimee + Gupalype (2—-15)
BRKD T —I T
GwEhwE2i = GwEhwEQO + QEQ (2 - 16)

ZIT, WAKIE G 138784 ClH—THhY. Zhen A0, HoizkB\WT—Es
L7z, (@2-11), 2-12)BL VK (2-15), 2-16)I2BIT DRI D ZWAEQ 1y, Qg 1X
RATHEHET 5.

Qp = KpAgATy (2—17)

AQ2-17)DEZHIRFE 7S AT 1%, 755810 2 A S iR O B AR BE T & L TR(2-18)IC
FOEHT 5.

T & —T
ATE — wkEi wE;o (2 o 18)
TwEo - TdE'

TR QTR ET 1%, 783843 WNE kT DK OB FIiR BT, s & 45 7%
%E%%@?ﬁﬁigﬁi@?}%gfdg1m, deZOﬁX%, YA (Brunk, 1982) VTR 5.

T(QE - f(TrfEa de) (2 -
19)

F7-KQ-17)DOBGEIE R Kp X, BREOBIRHTZ EHL TR THEH 5.
( y !

1 N 1
d.

I TH R DRI BMBIER apoa 13, MUKZMPELLIZ G O7REBMEER apor

K, = (2 — 20)
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NSRRI ST DR R —E LU TIRATE T2,

Opod = Xpor (1 —k %) (2 - 21)

XE2D)TIE, W 13 1R za 238l 7 0y =7 I KO R D7 FE BN
REREBEZICUTC, WHARHE 0S8, =15 %, T k D% 2.0 IZEDT-.
233 a2l —XDOAIEHT)

U EOFHBEET NEEARELTERLIEY A7V 2L — 2O ER A 1% 1] 2-
4 \RT. AN ELTHIK, BEKBLOIMBRIRAKD A DR L &E R ET 5. &
RN DA TRARIRE 1, ALV TV LADREG RIS THEREICREEETHHIEN
B2l —HIZTBWTH AJIEB ELT-.

I m K, BHRKBIOMEAIRAKD H DEE, BLOZNLAHRA TR HS
NDIMTREE /] ERURARE(COP) THD.

cop = % (2—22)

SHIZAIL R 2 —Z T, RETTRANDIDNTH RERE RE FLICT 2=V 7R
B, il dn g Z OVHRE IR EE IS5 2R 7e E 3 iRl & 2.

Input Output
Inlet temp. O re=p Chilled water outlet
Chilled water T temp.
Flow rate .
Cooling outlet
Cooling Inlet temp. water temp.
water Fl Heat source outlet
ow rate | hot water temp.
Heat source | [nlet temp. i Gi +_: i Cooling capacity
hotwater | g1 rate St b:r‘ cop
: : : _.>___ '''''''' .< .......... (Thermal efﬁciency)
LiBr concentration in . )
evaporator Simulation model Diihring diagram

Fig. 2-4 Input and output of cycle simulator.
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2.4 a2l —TarfER
24.1 1°C BEVAILDLIal—ay

MWK DR E A AR O BRI O FRTHDH 1 °C LLIZHE DY Ial —ral il
RaF 2-1 R T . ARRIRN O HEERIRIREEIT 10% U THRSIRE A2 -5 C L,
WK OIRE THD 1 °C 1T T HRMER T T-.

Table 2-1 Simulation result of 1 °C output cycle.

Inlet temp. (°C) 6.0
Chilled water Outlet temp. (°C) 1.0
Flow rate  (kg/s) 2.47
Inlet temp. (°C) 28.0
Cooling water Outlet temp. (°C) 33.0
Flow rate  (kg/s) 5.92
Inlet temp. (°C) 90.0
Heat source hot water Outlet temp. (°C) 75.5
Flow rate (kg/s) 1.19
LiBr concentration in evaporator (%) 10
Cooling capacity (kW) 51.9
COP (Thermal efficiency) / - 0.715

B ERDAREERBIZ DWW TILSEATHIE RGN, 1987) D764 BB — KDL
WHBEICB T HMHEZ AN TE 2l —ar O 4, AR L. 2P LR e
(ZOWTE Q2D > TEAEMRZ RO SR LTz,

PRal =yl BNTR(2-22) TR L COP 1% 0.715 o7z, ZOfEIL 8 °C D
WK EBHE T2 RO —FHZ LD 0.75 2L TK 95%THY, 0.035 DK FTH5.
ZO5H M AKIREDEALIC L85 COP DK TiX, X 2-2 725 0.014 FRETHD. Lo
Mo C, BEREOE T2 FRS COP DX T i 0.021 THY, REI Tk ~25 A AR O V-fir
WRRERrE S, Q21 TRENDERABEEOK FICERTHHDOEE 2 HND.

7%, F2-112813% COP &K 2-2 (2R L= Bl COP EDHExHE D72 BT DV T,
TR BB DB EN AR THHI LD, BN RE 2L/ >TELD
B, BERRER ORI ZRTMA T 2BE0 A AL ALK, FICIVAETED
DTH.
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2.4.2 TR O AT IR R A 0D 2

WIZ, 2.2.3 Hi(a) Tub 7 Ay @i IK O EERR BB R E S D YA 7 L DYERRIC 52 5
MR T 5720, V32— 2 & AV ORI Z2 5 RIS L2 WA
(Pure refrigerant) &BRL7554 (Dilute solution) D ERAES), ABVEI TN COP %
g U7, SRR RZK 2-5 1R T. ZULOFE TIRmKEE —ELL, w0
IREEN 1°C E2DI0IZ A DREZFFE L. AR /K B IO EIZKRO A AR L3t
&, ARRIENOFAHEEREIREITNT bR 2-1 LR THD. F(2-21) TRLIZZAIEEL
REROE TN T NS RSN TN .

<

S '

2 10 e
59
=SS _
% B~ 00 - " he—==————— AT,
3
g .10 . T'r,
M Ty : Evaporating temperature

T";: Refrigerant eqilibrium temp.
-2.0

o 100% CCapacity (Qp) 073

< Clnput  (Qg)

g, -O-COP
e 98% O—0_ 0.72

S
=

S 96% 0.71 o
ey O
3 O
§ 94% 0.70

en
g

g 92% 0.69
@)

90% 0.68
Pure refrigerant Dilute solution
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Fig. 2-5 Influence of the equilibrium characteristics of the dilute solution. Cooling
capacity and he3at input decrease in 3.9% and 3.2%, respectively. COP also

decreases in 0.005, that is 0.7% of pure refrigerant characteristics.
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32%IA LTS, ZNHDETHD COP 13 0.7%(K FLT, ZORUEITR 0.005 TH
%. 1o7C, A CIR R8T BYREE R OIK T O, FEFREOIK F4BR< COP X
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WD UTeZEM IR BREE ) DI B TV DHEEZBILD.

LU S, FIEIE A7 L D332 —alB0WT 3.2.3 fHi(a) Tk~ Efnik
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243 T a—Ur T BRI LD FEBLEO R

T 2=V 7 BRENTRIA YA 7 NV OB PR BT IED— 2> THY, ZOFHE%
g5 L CHBY — L ThD (Herold et al., 1996) (EIE, 2017) . ABAZE CERA T2
AIEEREMMLER D 2 S EIREE IOV CEBEE ORI, BRFHB2365 (V8 O, 2005) .
— 05, FERICAHIE TR T2 BB A7 20T, &7 5Ll
(Sakiyama et al., 1999) 236550 D, EEILHRFHINT R 475720, EZTARBFE T
1%, 72—V 7B BICH R A7V E R 5281085 T, ZORMEE BT
R 5.
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(b) Detail of the two-step evaporator.

Fig. 2-6 Diihring diagram of dilute-solution cycle. Dilute solution in the evaporators is

shown as a 10 wt % iso-concentration line.
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3 B BERRIC LD TRIE R/ SRS DB ERR R

3.1 ¥ &

52 B, BREAENORE D BEORINA IR G LT A il A 7 v D2l
—&2%BA%EL, 90 °C DINEHIEK, 28 °C DHHIKZ T 1 °C OH/KIMEFRATHRET
HHZ LRI,

TR A7 VDO ERIEDT-0121E, Va2l —Tar WA TRIEIC L 2B ERE
OB RRIR ThD. FI-ARBFEX, 2250 Hid & RIRF R TR A S O pE £ &~
ZHBELTWD. FRCEEE B CII A e LICERIR B, IR/ E D 5fh s R
2570, BMAICHIZo> I 2 — v a LD HRIRF N EE THD. Z0IH7eE
ARRFHZA I NI R 2L —2EiE AT 5720120%, 332 —2 DR YA FEBRED L
WL THFEL TR ERHS.

FZTH 3 BT, AIEOR RSO CTRIWEL 7= R ER I L D IREESZBR O
TLZORERE IR ARDEEHIT, FERRERE AN T 2L — X O Y A RFET 5.

3. 2 EEpIEE
3.2.1 BEBEIEREOER
HAR IR R A ¢ R D 2 A 1T C, SRR O B ORI ER A B EL 7. &RE
Uz B2 pkA 2R 3-1 1R, ARSRIERE IS — W22 30 F MRk B — 20 F R /4 Tl &
BEARLL TS, (ERMEARIZAK — BALY T 7 L% THY, FEEMEAIEL T 2-mF L~k
VT NA— VBRI TOWD. @B IR L TR SRR eI ERE BT 2 e
L, WIREAZ LT 7 L — MR R A R L C0D. KT as N O BEIZ I B ALY T
DIRFEDS 10%FRE L70 D IR ARG L, HAEIREEZHI-5 °C IR 7=.
AR H51F D COP 13, 8 °C DIm/KEMIG T2 — 2T O 0.75 16 L TR
COP DK FHBIMEEWERROIR TABEL T 0.70 LEXELZ. 7o, HEEITMH
RESIDH) 1.8% THY, HFEFIIIHEZREL THO/NSVWMEEE 2D,

T R AU SRZE 23S Vol.39, No. 1 (2022), pp.43-50. 18
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Table 3-1 Major specifications of the production prototype.

Element Unit Specification
Working pair - H,O / LiBr
Cooling capacity kW 388
COP (Thermal efficiency) - 0.70
Flowrate m*h 66.5
Chilled water temperature °C
] 7.0/2.0
(inlet/outlet)
Flowrate m*h 158
Cooling water temperature °C
] 28.0/33.0
(inlet/outlet)
Flowrate m*h 31.2
Heat source hot water temperature °C
) 90.0/75.0
(inlet/outlet)

Concentration of dilute solution % 10 (Freezing temp.: approximately —5.0 °C)
Evaporator and Absorber - Two-step falling film heat exchanger
Generator and Condenser Falling film heat exchanger

Solution heat exchanger - Shell and plate heat exchanger
Solution/refrigerant Type - Canned motor pump
pumps Rated output kW 22+1.1
Power consumption kW Approximately 7.0

F 3-1 OfEREEARSS 2 | CTIER L= A7 0322 —HIC AL CTHAILTIET 22—V
YU RRKE 3-1 (a) (R T. ETFIC 2 EIL7- AR AHEL, B2)MEIEER T D4 AR
EK 3-1 (b) DISITREND. KIRMZEFERR(E2)DOZFIELIT-0.5 °C THY, HER
FED-5°CIZxLT4.5°C ORBNHDH. Fiz, KPR T IRINERA DRI RIS
LT 2.8 %DRBHDD.
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(a) Whole cycle diagram and crystallization margin.
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(b) Detail of the two-step evaporator and evaporating temperature.

Fig. 3-1 Diihring diagram of the production prototype at the nominal condition listed in

Table 3-1.
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HKDOIRERIZEY, MAVKIEE XA HE S T 2mEKEL =57 Cilfi7 52
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TR ANZIRIK G 7R 7 TG LT
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® : Resistance thermometer (PT 100 Q class AA). FM |: Electromagnetic flowmeter (accuracy: = 0.5%)

Fig. 3-2  Schematic diagram of the experimental apparatus for providing chilled,

cooling and heat source hot water.
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3.2.3 FHAIEHE

FERZRBITDFHIIE A 2% 32 (7. GHllT —2 2L LT, WK, ImAKIBIONE
KOFEREA D H DREIZZNE K 3-2 [ ORTERITRER O :£0.5%) SR
FEFH(Pt100Q, 77 A AA)IZTVEAG LT, Bt maH e Fg~O AN DN, £
FHRIITENENA DRI WML .

R A7 VN OV DR FEIZOWTIE, BRSO ORI, WILESH 0 OF
B L OZE B RIEA O ERRE NN 7V 7 UL, 77 Lz
BEHR DR E AT 7 ARPRIRIB LG C, B AT+ B R CRIIIL, ZRH 0/ RN
P (Brunk, 1982)% VW TEALYF U AR EZFEARL 7=

Table 3-2 Measured points of experiment.

Chilled water

Cooling water Inlet and outlet temperatures and flowrate

Heat source hot water

Absorbent (generator outlet solution) Concentration
Absorbent (absorber outlet solution) (from temperature and density of
Refrigerant (dilute solution) sampled solution)

3.2.4 FEBRGAE

FERTIE, BN DIREZH AREEN 1~3 °C (MUrebIcmEKIEA B2 b
SECHEIL7Z. IRKBIOREIKA AR XX 3-1 OEEREICGDhET—ELL, &
TEERK DR ES [FIERIZER 3-1 OfEE L7z, FHAZRMEL T, mAKOH BIRE DM 1 °C,
2°C BEW3°C &725 3 MOT —HEEFLIZ.
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3. 3 FEERAER
3.3.1 EK, WHUKBI O KIEE

BB (K, BEIVKIBIONRAK) DIREEIZ OV TR R EA EAEL L TR
LRl —& (fiffT) Z g U= fE R 1) 3-3 1R, BHRICBW T, BIEERKDIE
1% 3 ROFHAZRAAIZ IS 5 FEMNE D L E, WO A2~ O IE B BT
A aR E RN EROPRFEZENDRDIAEDOFHEEL, Wb —EfEE L7z,

FHEAE R A FRNE L i 5 L, IR LR EIK O I R LB Rl L€
0.5°C, A, HAOMOIBEZTIE 03 °C OFEZE, HiAKANDEEICOWTHIEE X
0.3°C DFET—EHLTEY, S22 —X LD RERITRIEH O %8 2+ /0 HEiL
TWHEEZ .

3.3.2 MBRAES), BRI KOV AR L

MRAE ), INEVE B L ORI O A 3-4 (TR T. ZRHDEIZEL T DFE(3-
1) - 3-3)NZXVEHLT-.

ATRAE ST O (KW):

QE' = VprwE‘cpwE<TwEi - T’wEo) (3 o 1)

INEVE: Q6 (kW):

QG = V’wGprcpr (TwGi o T’wGo) (3 - 2)
g R %L COP/ —:
cop = % (3—3)
Qg

ZZT VW IMBEERAKDEFERETHY, ZIVHDEE py, FEEL o ITFAIEE~D A DR
B BT DA =,
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Fig. 3-3 Chilled water temperature characteristics of hot water, cooling water and

chilled water temperature.
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Fig. 3-4 Chilled water temperature characteristics of cooling capacity, heat input, COP

and heat balance f.
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nN5.

1) AR DR FIZLY, 2RI DAFEIRE L O EZ2(ATe) 1§ 5.

2) TOEET, AT EAFEIREEB LTI AR O I ME T 975,

3) DGR, WINEHT BT DI O MR E MK LT, MHIKEDIRE (AT DN
YD,

4) WRINERIZFT DR EE DM T U7 5, WIS Y 1 OVSIRIR FE A B A2,

5) TORER, AR A TOWMIRE, FHEIRED LA, HAKEOREZAEMUT) N
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ORT . RHERERIT COP 21 T20.005, MHE /) F LA BB ITIS U T+5%D i
T—HLTWD. EbIZ, EBRFOBUNSL p 24 KIERE M RZEH T2 (AHRID) Bk
(Air-Conditioning, Heating, & Refrigeration Institute, 2000) (2> THEHL7-HERA X 3-
4 O FEIZEDLEORT. FHAEATRAIZLD.

Qin — Qow

B B Qout
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(3—4)
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Qout = Qew = Q4 + Q¢ (3—5-2)
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Fig. 3-5 Chilled water temperature characteristics of LiBr concentration in generator,

absorber and evaporator.
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3
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Y BRHE S B L ONEAKRD DD ABEITI U T5%, COP (288N T0.005, 1A
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HCIE, PO RERANEL T, K=V T 7 LR Z VT 1~3 °C DK

ZHE T2 FURIE RIS R A BRI LT, A IIAR Y 22— & IR I A R O
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FHLTWEZNWEEZ TN,
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warm  JRFRIEMICLS 60 °C KBRS, 7°C BAKH /1D

SERIET

4.1 ¥ B
PESE ) B DS R RIS HE A L QO DA EVE G 20E 95720, ENLAF 8B 5%
BN TR — « PEZERATR G BAFEHEHE (NEDO) Tl 2013 4E2 0 TRFIH B T 2L
X — D HFHOTE A EAIFERE %6 ) VR 2016, 2021) (4, 2017) ZHEHEL CTRY, &%
REVEIE (FIH#fh, 2017), HET/NVERIGEHEE (L, 2016) 728 DRk & 728
MABRFE SN TND. EFE VTR L TR S B SLRERT #FJERR 2 L —7"C
1%, ASLYaryrarhm— VA28, FRAENNF LERFLILFETRT B =M
B, W O O BIRED IR B (KB4 B & LT/ N —~ TRIR B E) - (IR F AR OB
JERRRE ) & FERE LT AGRSCH E o0 B A9IE, RSk o> — EZh WL Iy U T 28 IR
BT o T ARIR PR CEEEh S DR TR BX B W 7 OB A BRFE L, A F B oD TE FH i PR
WRICIVE =N —2H 5528 THD.

RS 75 TR OARIR BREN LT & L Qi WRIBUE (LU R, W8Ik ET2) DV AT V% 2 R
MELTZ 2 By A2 V(KA 1980), (75 H, 1989) MMEREIL TS, 2o H UL, Wi
E— IR FIZBWTRE EFIEEZ R T DX TNV T A7)0 D 3 DORER T IED
IHD 1 OTHY, =R 7 LU Tieh mVWEGERREL (COP) 21550 D ThDH(Ziegler
and Alefeld, 1987), (Alefeld and Radermacher, 1994). S5HIZZORERRIE, 2 SR HEIC A BES
MR A7 VB 2 IR R BB T H 2B AL AR HA (Vapour eXchange, VX)
X7 NWIT A7)V EREIE 35 (Erickson and Tang, 1996), (Medrano et al., 2001).

ZT NI TN AT IAZHNDIEBIBEAA LTI, 0 °C LU FORIERAEREL THWS
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and Butz, 1996), (Ziegler, 1999) 73, — % Z=ii H O A A I Z VLB IVD K RABY
F 72 (LiBr) ZbHERHFRETHD (Ziegler, 2002). 7K, LiBr RAVEEMAIALLT- VX
HTNT R ATNVOIFFEEL L, BRIRE A 65 °C L= (Herold et al., 1996),
BJFIEARDH IR A 64 °C LU FEL TR 9 °C ZEBLLIZEREI 2L —g
> (Ma and Deng, 1996) BILO7 +—/LRRER (Ma et al., 1996), BEE M Exi 5L LT~
E— MR T ELTOREI 2L —ay (INEh, 1997) 2365, BRI E OIK
WUZBILTIE. MBI ZK 60 °C, HWHEIKIEEE 30 °C DOFHICIV M BEAFIRE 10 °C
REBL-FER (4 A, 2004), BEEOBINC I DBVEIEE O FIRME (LI,

T R AHE 223 C4E, Vol. 88, No. 906 (2022), DOT: 10.1299/transjsme.21-00341 Bk
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2014) BHDHDS, — XA ZEFH TR FTREZR 7 °C D K fa 2 SR A T Bl E A
SV lSYA AN

54 UL, VX X T NVIT A7 T, ARIRBRENR I A g O AL AR EL
THREN A Z K /LiBr SRELTCFHERIEERIC W T, RIEOBE LY A7V DL
PEMREE, —fXA72 2238 TR RTRE R 7 °C DK #a % BEEL U= EER S B2V T
5. ZORT, BV A2V OB IS EBRES RS HEMEMEE, ZOMEET
B 7o T2 JRBREAVERE O R EVE R 38 AR D BRI LN IE D BfR, BLOZON
AR T IR L T2 A 7 LS 2l —a LHEBR T —Z % i U7 B OV T %R
2.

4.2 XTI NITNAT VO FEARRERK

4-1 VX X TNITNFAINDT 2=V 78R %3 A7 pa, pu, pr D
3 BRSO EAL IV THERSH. EEEESIISER (pn) OmEFAS (HG) LEE
fiaes (C), HIEHS (py) ORIBIRULEE (AA) HERIEFEEZ (LG), KIEM () O
2 (A) L2834s (B), D6 R ThD. KFUIITHEDT=DIT, K H IR & m HIPR
BEZRISGEELIZHGEO BV A7 VAR CRUTZ. B CHA R 5(G)iE—
FIHIAINVOFALRTHY, VX X T NVIVT A7V TIIHWRWERE THS.

Single-effect

" absorption cycle A: Absorber,
_P'. = LG: Low pressure
_ ¥ {\ G ;,___ - Pu generator,
- ’ -:- AA: Auxiliary absorber,
’ : HG: High pressure
....... =TT M generator,

C: Condenser,

E: Evaporator

G: Generator of a single-
effect absorption

Heat source |
———————— ~temperature for- — - — ——-- p;
double-lift cycle '

Refrigerant temperature

i ! ' >
Evaporating Cooling water Heat source ?ycle
temperature for air temperature temperature for pr: High pressure level
conditioning single-effect cycle pum: Middle pressure level

Solution temperature pr: Low pressure level

Fig. 4-1 Vapour exchange (VX) double-lift absorption cooling cycle (Ziegler and
Alefeld, 1987), (Alefeld and Radermacher, 1994). The broken line depicts the
conventional single-effect absorption cycle, with the same cooling output and
heat sink temperature.
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4.3 FEBREEE
43.1 VXX TNIT AT O BRI E

4-1 DY A7 WA EAS W TR ELRAER A R EL 72, FELERIER O RFE X Z X 4-2 12,
TR E R 4-1 18, BUCHRBER OERRE R 4-2 1. ARRIERIT, 3 BFEDEL
LT EICEREDEIL, INOERIE S L O BEELE TR L THERRLT-. K ER D
HCEH E IV~ DR R FE AR SN ERHT, (78D FE AR 36 KOV TR 573 e
KRERDZEMBGEEREZERN T ETFIZ 3 DO 7 ey ZICEIL TH BRSO
Wrim i e K& Uz, IR OV A7 /TR LR E B AR 2 R T IR EAIR L,
FBRAN 2 & 8 FE FHAE SR AT BR 9~ 5 i FEAA R AL D 2 /A0 CTRERRL , & B D 11 I3
AR T HRR T T, O FRAUL, Befadr O I IR 2 78 R4 BRI L, RS8N
JEESNBIRIEAR L 7 2 U R EVE R SR IR 2 G T2 R 0139 5.

Auxiliary Low pressure  High pressure
t enerator
Evaporator ~ Absorber absorber generator &
| | | | | Condenser
L] L] L L] — -
A R T T 0
MOLEALT X hoA A A I ¢
U—--:é 1r [ 1 1 n 1 1 [AY
b= &--% A AWE AW e
ALY Vil
g fmarhese M (e MR
SN A PR EA ny
Z o AU TRV Al
®oA o fF oL i
DG TR RN
o---0 é...::}':,
|
é 1‘ é} | | | Solution =
é Solution_}
Solution heat A
exchanger ] Q
“— Refrigerant % Solution heat

exchanger

Fig. 4-2 Flow diagram of the Proof-of-concept prototype of a low-temperature driven
absorption chiller with VX double-lift cycle.
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Table 4-1

Major specifications of the Proof-of-concept prototype.

Cooling capacity was computed using cycle simulation.

Element Unit Specification
Working pair - H,O / LiBr
Evaporator, absorbers, generators and )
condenser - Falling film heat exchanger
Solution heat exchangers - Brazed plate heat exchanger
Solution and Type - Stainless steel magnetic drive pump
refrigerant pumps Rated output kW 04X4+02X1
Length mm 1012
Outline dimensions Width mm 2800
Hight mm 1857
Weight (shipping) kg 1370
Cooling capacity kW Apprc?ximately 8.0
at 7 °C chilled water output

Table 4-2 Major specifications of the principal heat exchangers.

Low Auxilia High
Unit  |Evaporator| Absorber| pressure Y pressure |Condenser
absorber
generator generator
Qut51de mm 16
diameter
Tubes Length mm 600 (Heat transfer part)
Number - 54 60 80 64 80 36
Heat transfer area m? 1.63 1.81 2.41 1.93 2.41 1.09
Overall heat transfer |\ v 2 1y 5 gg 1.22 1.42 0.83 1.42 430
coefficient
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432 ZTNITRIAINDL Izl —ay

F 41 IZBIAHEEEINI AN 32— a R0 E L. WG YA 7L
DI Ial—a Nl DNWTE, EE'ING, ALV F T LD B LT RLF—DIL K
IZEEDSEFIRBDOET MK L TUREWEREZ F2BR T — 20 b 52 5221280, EED
R T D2 EMFEBRICIVREES LTS (FRIEU, 1987).

ZZTABZE TIRZ O FEITM, FATHIE (NEth, 1997) 22 B (247 U7k
PAINEETT L, BT I OMEEWEREL L TF 2 OEEREZ 525281280
JRERRERE DOPEREZ R H LT, 232 —a DI R EIFIL, ReED T R LF —IL
X, BHEIV VB THRIEEAKENT, BROE 2 ITRLIEAHERICBIT =1L
XU KT L TENENIAZE 0.1%LANEL, FHREREE MR L.

JREERIEREDOAMIL T 12X 4-3 1R BERITIINEORNEBIEZ T 57200
AN T AL ZHERET HEEHIC, FEROEELFIITRMNBEH O AN T 2%

EL, EREFORIKBIOMEEE AZBOFREITHW, 612, ERBIORE ITIX
Tﬁmﬁulﬂﬁ%ﬂﬁ% B L CHMERE DB M AR L 7=

Condenser High pressure
absorber
High pressure
generator Absorber
Low pressure
generator
Evaporator

Fig. 4-3 Proof-of-concept prototype of a low-temperature driven absorption chiller. We
divided the prototype into three shells according to the pressure level and placed
a lot of sight glasses to observe the inside. Each body and piping is insulated to
avoid heat exchange with outside.

- 50 -



Az TR IERIC LD 60 °C MKERE), 7 °C Mk ) DEGE

433 mK, WEIKEB L OB IR K O & R BB ~ D@ /K 5 1k

JRIREAAVERE~DRIK, M HIK I L OV IRK D UG RR i X OB E R x X 4-4
(R T. BSHARHIX BEWITINI L TRY, INEAEZI13m AIRE /) LI E#iPHI L3 4-3 O
WY THD. FEEAKOAR, HOREIXASHIREIUA (Class A), it &I BRI
G CREEE :£5.0x107° m¥/s) (ZEDBIEL, JRERAERE N O ) I3ARE 5 Akt £ s
By (R £14.8Pa), FIEH L NEEREL AT 77 LXE T8V (FEE £125Pa)
WZEORELT.

MK, WHRIKIBIZOMBHIR K DB A T IEL, HHIKZ EEfE IR R — =
IR ZSDONEZ, EKERIEE A s — iR AR ONEE Uz, S IEER/KOIREHIEIL,
SRR ER T 72 RS RIS KO ERE AR O A 0 B IO PR EITNA T, %
FE M ORLE TS R PR LR E L TER T OB EZFHIIL 7.

Table 4-3 Major specifications of experimental apparatus (Hot water, cooling water and

chilled water supplier).

Heat source hot

Unit Chilled water Cooling water
water
Capacity kW 3~21 3~51 0~32
1.667~11.67 1.667~25.0 1.667~16.67

Flowrate | x107* m¥/s , , ,
(10~70 L/min) (10~150 L/min) | (10~100 L/min)
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Constant
temperature
reservoir

__®._

EH

Indoor <-|-> Outdoor

»
»

____________

Chiller unit

Reservoir

—|]<91><1——1 FM [ - Q
|
@ Constant
I Py > temperature
ittty ! reservoir
1
4994— FM — EH
Heat source hot water —>»
-
<
Cooling water —>
N—
MO ®
Chilled water : @ ' :
< 1 T = el
E | A AA | LG @ C | HG
el T i
— < <— —
| LX HX .

(D) : Resistance thermometer (PT 100Q class A, accuracy: + (0.15+0.002] £ |) °C)

FM

: Electromagnetic flowmeter (Accuracy: + 5.0 x107° m%/s)

(blue), cooling (green), and heat source hot water (red) with their temperature

measuring points. “LX” and “HX” are solution heat exchangers. Broken lines

: Electric heater

E‘ : Pressure transmitter (Accuracy: + 14.8 Pa) ®: Pressure sensor (Accuracy: + 125 Pa)

in the experimental apparatus represent the control signal.
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Fig. 4-4 Flow diagram of experimental apparatus and supplying order of the chilled
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4.4 60 °C IR/KBRE)FER
4.4.1 EBREMHBIOEFIREORIE 1L

KREFBR T, R 4-4 (TR TIRERBLOFRHPT 49 fO7T —FZ2RGLE. Zh
SOT —HTHE 4 ETHET D 60 °C {E/KERE), 7 °C K T D EFEDIED>, JREE
SRR D BN S 12 FEBRE B O REHI V.

Table 4-4 Experimental conditions.

Item Unit Conditions
Chilled water Inlet temperature °C 12.1 ~18.1
Flowrate x10™* m¥/s 2.55~3.87
Cooling water Inlet temperature °C 25.0~35.0
Flowrate x10™* m¥/s 16.9+0.1
Heat source hot | Inlet temperature °C 55.1~63.0
water Flowrate x107* m¥/s 9.19~14.20
Data size - 49

KR ENT —2DO—FlELT, WK DREZ 2SI E 7o G R A X 4-5 17T, &
T AT 1M TEIZEAEL, EFIREEO AT 10 /0 MO EER KO A A BLOH AR
JEASEEIMED£0.2 °C LA, 7272 LI 7K H R EEIZ DWW CIEIARIFZED HFEfEEL COH
FEAEE L T20.1 °C LAINELT=. X 4-5 OFITlE 13:23~33, 14:45~55, 16:20~30 O 3
SADNEFARIBICEE Y 5. BT —XIL2hb 10 RO RERH OIS, %4 5 4
DL LTz
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Cooling water

Heat source hot water

Chilled water

Heat source hot water inlet

Heat source hot water outlet

Cooling water outlet
Cooling water inlet ’ ’
Set point: 15—18 °C Set point: 18—12 °C
Chilled water inlet \ s 1‘/
4 N
Chilled water outlet

12:00 12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30
Time (hh:mm)

Fig. 4-5 Example trend data of the experiment for chilled water temperature characteristics.

The logging interval is 1 second. Steady states are determined by 10-minutes

moving within £0.2 °C for each water temperature, except chilled water outlet

temperature that is limited within £0.1 °C.
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4.4.2 60 °C IR/KEXHE), 7 °C 7K H D FEGE

FEBRAS R 60 °C i /KERE), 7 °C MK ISRHETREL, £ 4-5 (TRT. INEVHIR
KIREE 60.4 °C, IWAEIKIRE 30.0 °C OFRAFITHBWTHRAKH FHIREL 7 °C KD
6.75 °C Ligolz. ZDOLEOMIEZAFIREITEIIFHAIED D 6.2~6.3 °C Th-o7o. K/
LiBr ;R Z BB AR L= 06 D FEBR (Ma and Deng, 1996), (Ma et al., 1996), (& % AAth,
2004) CLbEGL, [RIZELL R ORKIBESRMEICB VT, IVEIROM K OIEREL LT
MR IR E DT DALz,

INEFRIRABEICOWTIEBBICB W TERMEO +1 °C LN (B ABKTZ,
2016) HL<IF+3 °C LA (AHRI, 2000) EEDHHIVTND. LIZR3-7TC, 60.4 °C L HE
fEED 60 °C IRAKBRBY A 7= 3 K5 R CThHHEE D,

wK, WEIK, INBRIRKDOZHEE: Ocn, Qew BEDN Quw 1%, A0« H IR Ty,
Tou BE ORI R VI B(5-D)~G-3) k- TR L. ZZTEE p BLOAEE ¢
I, FEBRAKDOREFZFIEMO AN DN E L2 E A DRI 29 M
Z U=,

Qon = VonpenCoonTeni — Tono) (4-1)
Qow = Vowpew Coew (Tewo — Towi) (4-2)
Quw = VHWpHWCpHW(THWi — Trrwo) (4-3)
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Table 4-5 Experimental results and heat balance validation of 7 °C output data.

Temperature (7) and flow rate (V) are measured values. Heat quantity and heat

balance are calculated values from 7 and V. The tolerance of the experimental

data is 1.2% at maximum and 0.7% on average and proves the reliability of

this experiment. Thus, we confirmed that 7 °C chilled water could be produced

from 60 °C hot water and 30 °C cooling water.

Item Unit Data No. Average
1 2

Inlet temperature (7cpin) °C 12.14 12.16 12.15
Chilled Outlet temperature (7 chou) °C 6.70 6.80 6.75
water Flow rate (Vc) X104 m?/s 3.145 3.136 3.141

Heat quantity (Qcn) (Eq. (4-1)) kW 7.16 7.04 7.10

Inlet temperature (Tcsin) °C 30.0 30.0 30.0
Cooling Outlet temperature (7 ciour) °C 34.6 34.6 34.6
water Flow rate (V¢)) x107* m?/s 16.95 17.01 16.98

Heat quantity (Qc:) (Eq. (4-2)) kW 323 32.6 324

Inlet temperature (Tyin) °C 60.41 60.46 60.43
Heat source | Outlet temperature (Txou:) °C 55.30 55.34 55.32
hot water Flow rate (V) X104 m?/s 11.93 11.94 11.93

Heat quantity (QOn) (Eq. (4-3)) kW 25.1 25.1 25.1
Refrigerant | Condenser (pn) kPa 5.072 5.081 5.076
vapour Auxiliary absorber (pi) kPa 2.591 2.591 2.591
pressure Absorber (pr) kPa 0.952 0.950 0.951
Refrigerant | Evaporating temperature °C 6.27 6.23 6.25
(0(0)3 (Ocn ! On) - 0.285 0.280 0.283

Input (Qin) (Eq. (4-4)) kW 32.2 32.1 322
Heat balance | Output (Qow) (Eq. (4-5)) kW 323 32.6 32.4
(AHRI STD | Heat balance (£) (Eq. (4-6)) —0.1% —1.2% —0.7%
560-2000) Allowable tolerance (JIS) 5.0%

(DTr" = 5.40 °C in AHRI STD) (AHRI) 5.04%

* DT : Difference between entering and leaving chilled water temperature at full load, °C
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FBE R OFHEMEERGET 5720, ZRHOBEZ AV TE 4-5 DT — 2 &R
PR O BN K A B LT, BERBIC R T2 AT O M) Qo BIRATHRIH L.
AT Qin 1R IKDED ANBE S 720 B IREES) Ocn IMEVHIRAKNHD ANEVE: Qpw D
FICTHY, 71 Qou l TR HKA~DHEE Qcw THD.

Qin = Qcn + Quw (4-4)
Qout = QC’W (4'5)

BN I35 3 mOX(3-4)E[RER, AHRI HiA& (AHRI, 2000) (ZEDHNZRAT
HHLT.

B - (an - Qout)/Qout (4'6)

FREEAS A 3R 4-5 [T/ D TORT . BUNE B 1T 2%, 2 mOFEEEIF-0.7%Th
%. ZOfEIX JIS #iks (B AHRIHS, 2016) IZEDWTREE) DFFRFRZE 5%, AHRI #
DA SN OB L DOFFRFEAE 5.04% L0 T THY, RERRFE R+ 5705 EZ
BT DHIENMERSNT-. — 5, WIRAEIIT 7.0~7.2kW &3 4-1 [TRUIZFHEIED 8.0
kKW ISR L T/NSVWMEEZRD, COP b 0.3 K& FEATHIZE (Ma er al., 1996), (24 KA,
2004) (2L TIRVMEE 22572, ZOREKIZHOWTLL FEET 5,

4.5 WEFEKIZB 555
4.5.1 BRI EIR OHEE

WA 7N OEBRIZI VTR BREE ) A T2 R R EL TEHR R T B
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(1) AEEOFREIZIIK 4-3 DIDITEEEZEZD THo7eWiBEMr 2R E LI-2 L.
(2) 3 4-5 TOMGHE RN E DB LD 2% AN DR ZE THALL THDHIE.

D 2 JEIPBINT BRI LD T/ NSV D EE 2, REFIED DJRIR 2 N R e L
RELTEET S,

ITREE J1H AT DR ZsDENICE B L, KFEBRIZED 7 °C OHmAKEHILT-5
HAZBITDHWEEEET) (Oew (= Ocn)), oM eI DESMEEVE (Qcw) BIOEILERIZ
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TIX, WIREET] Opw 13(4-1)T, EEMEEVE Ocw BROWINERD HEVE: O 1220(4-7),
(4-8)IZLVR DT,

Qow = VOWpC’WCpC’W(TCwo —Tew:) (4-7)
Qaw = VCWpC’WCpC’W<TAwo — T poi) (4-8)

ZZT, Tewi, Towo (FHEMERRIZIITDMENIRKD AR, HFEREE, T, Tawo FUWINARIZ
BIAHEAKOAD, HORETHD. IHIZ, M 4-6 I[TITEVEE (Op / Ocn)% @,
(Oaw | Qew)Z T, IRV A2 /D COP (= Qpw / On) O TRLTWD. EERERITEHA
FE AT U CTIIRAE ) Orw TR 12%, Zh&E L Qrn/Qcw BEY Qun/Qcw TEIVE UL

20 2.0
8 == Oc, (Eq. (4-7)) =3 Or (Eq. (4-1)) T O (Eq. (4-8)) | | ¢
—— QEw / QCw - QAW / QCW -O- COP
16 L6
o
< 14 o 14 O
E .............. ;
S 12 = 12 &
D) ~
~ 10 o— 1.0 3
S g o T—— 08 =
S 6 0.6
=
S
4 04 QO
O-tF---f-___1___J -0
2 0.2
0 0.0
Calculation Experiment
(Without internal heat loss) (Average condition in Table 4-5)

Fig. 4-6 Comparison of the condenser heat amount (Qcy), cooling output (Qkw),
absorber heat rejection (Quw), Qew/Qcw, Qu/QOcw, and COP between
calculation and experiment. As for the experiment, Q. (= Qcu) is calculated
by Eq. (4-1), Qcw and Quw are calculated by Egs. (4-7) and (4-8). Cooling
output QOrew, Qew/ Qcw and Quw / Qcw are approx. 12%, 20% and 14% lower
than the estimated value, respectively. This degradation suggests that
approx. 20% of the refrigerant from the condenser does not work for cooling
performance due to an internal heat loss.
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D EGRIE LB Z GIDBRBEIZ DN, (X 4-7(a) DRI 26 R RZ B 4-7(0)Z~ T
FREE I IS 6 mm O— A% I AESES (SS400, ZMAEE: 51.6 W/(m-K)) THY,
TR 4-7(b)W R IO E AR R Ul S L TR T OB 0ia 3 & pTae i)
=D THD. FREEOA B O ERIZIZX 4-7(2)D X CadFARO Wi & U= b Pz
B O P& &L CKTERT, &80 DRSS ~O IR O A& Z B 1L T
W5, Fiz, i FEROB AR O+ 072 mS e lr 30281280 A — " —Tn—
ZBHIEL TG, Lo, Rifii CARELIZRERO@DS S, OQOmEEDS RAIREE T
B O ER~EEN T D ATREMEI NSV EE 2 Hid.

—J7, BB LIS DS S3 IX B2 T B AR & LT, — iR DM S TV G
DY R —4 (ki 4 BlE RS SR & 1 3RV QiR &, BB Im s X
OVRIR DA —N—=7a—2% [ 1L 3 D705 8%, WL EROWRNL & B FEROYANTZ
A (L E S EE 2N 45 mm) (T ICHHFEL TRY, TR FEE 23 @EE C 3 2 A
IBRBERIRDK) 6% ThD. SHIT, KA K OWINEROM IR T T A N7 TRIZL
VIRBEZBIZRLT2L A, TREEICB W TER D BISHRIR DM A, it FLTWHIEDHERS
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(a) Sectional structure of evaporator and
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Separating plate 600 mm
400 mm
L1 L_J
T Ambvi
/i: 9 i ;:,‘: Absorber
-
£
R Tube
e bundle L =l 2 é
In gAY £
K
g .?/:U £ C—————
2 [0 &% i < g
W \ en
-1 1 - :
< - —: Liquid refrigerant ~<---- : Internal heat loss
: LiBr solution D] : Sight glasses

(b) Dimensions of the separating plate
(Material: SS400, front area:

absorber. Ap. = 0.503 m?, thickness: zp, = 6 mm).

Fig. 4-7 The internal heat loss (Qriwss) between absorber and evaporator. We assumed

the cause of internal heat loss between evaporator and absorber as follows. In
the evaporator, refrigerant liquid scatters from tube bundle to the separating
plate. Similarly in the absorber, solution liquid scatters from tube bundle to the
separating plate. On the absorber side, the solution absorbs refrigerant vapour
and heat and evaporate the refrigerant on the other side. On the evaporator side,
the evaporation heat of the refrigerant cools the solution on the other side and
escalates its vapour absorption.
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ZINBDOIRBNE, NEEGE KT ZAETIC BV TIRO I B RIZIV AL TV DL
DEEZT-. ZOHFT, (1), QDBEELEIRDOBERL, X OBREE~D A5 2RIz
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WA ZR DB NN TG L T D EER S RA AT 52N TES.

(1) ZRRICB N T, WEMEVEREN SHETL L, [REEORREIMIATETD.

2) WILARIZ BN T b, WK AMBEVE LD HBEDL L, FREEOWIER NI E T 5.

(3) FRBE DRI EN TR AR R 2RI L, & OWRINENT K 0 7820 D 1y
BENFRIET D

(4) ZRFEZHUN DD PEDFFEBNT K > TRINAH OTFIE BB H S h, S G
L[RRINEND.

(5) ZDOFER, RKBIRENNCHF G T H_XEBBEO—FN T L 720, HEAES
PRI 5.

(6) WU HR 7> B ZFE A~ D BB DFE R, IHIK A~ DT 7200 LRI D EVE
PRI 5.

WAZ, OB B(Qrioss) & A F D IR T, [X] 4-6 123V TINEBEGE R
FAELRWEDELTHE ML EVE L O / Qow B3 0.97 THHZEND, NIEMER D72
WIS B DBRRE % Opvtl L, BT — 2B (4-7) THEH L Ocw D 097 f5ELT-.
ZOfEE, FERFERIZLDMIREE ) LD A NEEIRK Orioss ELTZ.

QEloss - QE;Z - QEw = 097QC’w - QEw (4‘9>

AREBIZIBNT, (4-NZEORKRDIZNHE BRI Orioss D F-EIEITHT 1.31kW T
7. WEEHR R EDOREEE L CTEHEL W ZARILIZOWTIL 453 THIZRT. 20
EDOMFEEL T, 1.31 kW OAREMT ML ELZ2 AR AR U 7o i SR B L OGFH RIS AW -5l
IR 4-6 | T Z2C, BUBiE R Kpy (3TEEEAR EOEFEEYRERL 3.0 kW/(m? K)
(FART, 1998), WINEVRERE 2.44 kW/(m?-K) (ZRl, 15 H, 1987) LU, FREEDERE
EEDTORDIZ, B HIEEFE ATp XK 5-6 Dol —TalfERnbE6n
PRFETRE LA H B DMIPGRE L DL LTz, ZOFER, 1.31 kW ORI
VBRI FEIL X 4-TONRUTEBRBERIRD 7.6 % EipoT-. ZOEMND, EFRON
HEGER ORI AECELLDEE RS,
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Table 4-6 Approximate estimation of the required heat transfer area for the assumed
internal heat loss. 7.6 % of the surface of the separating plate appeared to be
required for the averaged internal heat loss. This percentage of the separating

plate likely becomes wet by refrigerant and solution on both sides.

Parameter Unit Value
Average internal heat 1oss  Opioss kW 1.31
Overall heat transfer coefficient of the separating plate Kp; kW/(m?-K) 1.2
Computed evaporation temperature T, °C 6.7
Computed absorption temperature 7z °C 354
Temperature difference across the separating plate  A7p; = Taps = Teva K 28.7
Required area for the internal heat loss  Areq = QOrtoss / (Kpr-ATpr) m? 0.038
Total front area of the separating plate (Fig. 7(b)) Apz m? 0.503
Required area percentage for the heat 10ssS  Rureq = Areq / A (x100) % 7.6

4.5.3 BN IOWEEGE S o3 A LB il

ZZC, FERERIC IV G LT 49 ST — X OB K f D534 %K 4-8 12, N
BIERQ gross DA 4-9 1R, BUNSIZDOWTUI T N TO T —ZT-3.5~+2.0%
DOHIFANTHY, AHRI B (£5.04 %) &7z L TS, A O ANIEX] 4-8 DB S
HIET, (X 4-9 OPNIEGELBIZIEHIETH THY, W FRONS EEIES, Qi
[CHRAE M SIFIESLRBEEED TV, ZOZEND, KEBRT — X 2IRELE T —
ZERBIRL, WEBMERQ g0, PIVFIEL L TEHED 1.31 kW 2R LT
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14 Y ' o n=49 n : data size
b= 1|'02 /o M= —1.04% | M: median
12 : s=0.96 % s : standard
i deviation
10 :
> |
2 8 [ .
g : 7 °C chilled water output
g 6 i data in Table 4-5.
E i
|
4 i
!
2 !
, L= — I ——

40 -35 -30 -25-20 -15-10 -05 O 05 10 15 20 25
/3 = (an - Qout)/Qout

Fig. 4-8 Histogram of the heat balance calculated by Eq. (4-6). All the 49 points are
included in the range from —3.5% to 2.0% and meet the standard (AHRI, 2000).
The distribution is unimodal, and the average value of —1.02 % is nearly the same
as a median of —1.04 %. Thus, we considered this data to be homogeneous.

14 PR n=49 n : data size
Qpioss = 131 kW M=130kW | M:median
12 i s =0.32 kW s : standard
: deviation
10 |

Frequency
oo

7 °C chilled water output
data in Table 4-5.

0

02 04 06 08 10 12 14 16 18 20 22 24

QEloss - QE'Z) - QEw (kW)

Fig. 4-9 Histogram of the internal heat loss calculated by Eq. (4-9). The distribution is
approximately unimodal and symmetrical shape. The average value of 1.31 kW
1s almost the same as a median of 1.30 kW. Therefore, we considered that this
data is homogeneous, and it is appropriate to use the average as a representative
value of the internal heat loss.

- 63 -



Az TR IERIC LD 60 °C MKERE), 7 °C Mk ) DEGE

454 WBGRREZ ML=V A7 N2 — g
BT CHBTL =N BE A 2 Y A MiEiE 35720, 4.3.2 EiCik =17

N Ral—a AR U TRERBMR R Oross Z20(4-10), R(4-11)DIDNTEIEIHRB IO
I 2R DB S AU R L, D A FHEBRRE R L Hhl L=,
R ER DB (IRAE T Qp: i /KINH DL EVE)

QE - GT‘E(h’UEA - hrEz) - QEloss (4‘1())
WIS g DB S (B HIK ~ D EVE: Q) -

QA - GUAihUEA + GsAihsAi - GsthsAo - QEloss (4'11>

ZZT, G, hepin [ ZENE GG A D DT IIRA T DM IR B T Z VY, hvia
IR T IR B L O ER N DB IR QDT H IV, Goai 1 FFRFE DO ER AT
DIRTEARKITE, Gotiy hoai 1ZEHVETVRINERTIRA T DEMRIT LT Z VY, Goo,
hsao 1 XENENVRINERA O T DR L = XAV Th L. T2 LR G ITE &
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EIFEMRANBD THMEMEIR->TNWD, ZNBE T DL, ERNSGLNTZNEEL
BPERZEBRETHILIZLY, P2l —afE R RITERFE R LT B T0D. HKH
FHREEDSE W RIFIT I W T, FEBRRE RIIMWHE TR T v Iab—2al i REDZED/NE
<Y, WEBGB LD LT 222 Rm L TWA. 2, Sm7KIREDO EHICE-THs
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LI EDOBEG, BRI 1T DM BAE ) DA TRTHI THE R LI NEEA L
(CE-oTRHMASH, FERE IR m e NI DR BHLNI R Tob D EE X

2.

Cooling output Oc; (kW)

Fig. 4-10

11
O : Experimental results (n = 14 points) 4
10 Solid and broken lines: simulation results -7
- - - - - ” @
Without internal -7 -
9 heatloss ~ ——=>(_=—"
8 - - - - = = 1
- Include internal heat loss
(Okioss = 1.31 kW)
7
=
7 °C chilled water Hot water inlet temperature: 60 + 0.5 °C
6 output data in Cooling water inlet temperature: 30 £0.1 °C
Table 4-5. Flow rates of the chilled water, cooling water
and heat source hot water are all constant.
5
7 8 9 10 11

Chilled water

outlet temperature Tcpo (°C)

Chilled water temperature characteristics of the Proof-of-concept prototype compared
with the simulation results. The cooling output Qg increases linearly with the chilled
water outlet temperature 7Tcr,. The simulation results well agreed with the
experimental results by considering the internal heat loss between the evaporator and
the absorber.
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5. 2 JFEERAIERR DK UE LR

WHFEAHED HITH T2, JFEEAIERE THUG L7z 60°C TR /KBRE) FEERG R LB E O HFZE
BILLLER L, 2 5-1 OIOITHEBLTZ. £ 5-1 2D, AR O BRI FEIIIE R ERIFED
BRI AR, F2i3m e IR E TROERIR O MK DR EZEHL TWDHTEN
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Table 5-1 Experimental result of the prototype compared with the former experiments.

Unit This work Ma and Ma et al. A Sasaki

Deng gawa et al.

Year 2022 1996 1996 2001 2004

Hot water inlet | 60.4 86 86.2 60 60

temp.

Cooling water |, 30.0 32 31.8 25 30

inlet temp.

Chilled water Je 6.75 8 9.25 7 10%

outlet temp.

Cooling KW 7.10 6 367 703 2.57

capacity

* Evaporating temperature

5.3 AN IaL—ay

Ral—ra T 432 HiCRWEL - Rab—2E Ve, ER A DHTEE %K 5-
VTR T . R 2 b — 23R BRSO AR AR AL )KL TBY, X 4-7 ITRLTJR B
RAIEBRIC BT DRILER D D AT AR~ DN EHE R Z BB L2 DO ThD.

Input Output
_ Inlet Chilled outlet
Chilled temp. water temp.
water :
Flow rate : : : Cooling outlet
_ Inlet - -] r E -] r | water temp.
Coollng temp. b Do‘?ble-hftl. Heat source |outlet
absorption coolin
WA Flow rate P cycle g hot water temp.
+ — p i . .
Heat | it | LU Y Cooling capacity
source hot |-LMP-
water | Flow rate i - Cop
= (Thermal efficiency)
Solution flowrate Simulation model oy .
Diihring diagram

Fig. 5-1 Input and output of cycle simulation.
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50
VX-type Double-Lift Cycle 0% 40%  45%
Hot water inlet: 60.0 °C /// //’ // 50%
40 | Cooling water inlet:: 30.0 °C e P
o Chilled water outlet: 7.0 °C S
o
o Heat loss: None
3 30 | COP:0.33
<
2
5
= 20 F
z p
5} /
.0 /
S 10 |
& Z B}
0 K —
0 10 20 30 40 50 60 70

Solution temperature (°C)

Fig. 5-2 Sample output of a Diihring diagram from the simulator.

RIR2b =2 THNEINDT 2=V ZHRO—F%X 5-2 12, X 5-2 1TEJRR
7K 60 °C, WEIKIREE 30 °C 2B\ Tm/AKEA 7.0 °C 2 13558 O ERE R T
0%, FloT 2=V TR, ZORMTEBIT W R A7 V3 G L TH o R
WD LR TED.

5. 4 WAKIREERFEDO RS
5.4.1 TR RrE SR
TRAREE R BRI O R R T — 2 D— Bl %X 5-3 1T, R TIIEIEERAKD
i, HAKBIOHHAADRELZ —ELLUHRAADIREOR EIREALET L.
HORBBIZOWTIT 4.4 i FEERE[FIER, F88R /KD H AR +0.2°C T 10 43 fH%
LIz tE D% 5 o7 — 22 B LT-.

=X
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20
Cooling water
i -
= — -
E 15
== Driving hot water
5 E
2510
oo
=
22 .
= - Chilled water
[
0
65 | Driving hot water inlet ¥
"' "
- e ¥ |I
— 33 i
A
; 30 Driving hot water outlet ¥ Stable point
= 45
z
= 40 .
= c Cooling water outlet
5 35 i m— = T}
=%
z 0 - - e
= Cooling water inlet
B 25
g 20
an Chilled water mlet
E 15
e
5 10 }fe————t -
& 3 Chilled water outlet
0
11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Time (hhimm)

Fig. 5-3 Example trend data of the experiment for the heat source hot water temperature
characteristics. The logging interval is 1 second. Steady states are determined by
10-minutes moving within =0.2 °C for each water temperature, except chilled
water outlet temperature that is limited within £0.1 °C.
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5.4.2 JRPRGRIERE D% E)

IRARN AR EZ 55~63 °C IZZ LS B2 ERICI DMK RHREE, MmIRRE ) & pliifR
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%. WIRAE S OB IMEANE00 EISMO #ifR THY, BEEOREFE R (Ma and Deng,
1996) IZ&DIRAKAN AR 80~90 °C & L7l LAk ThD. E/o, BEfEDE—hR
AT NVOENT (VB 1997) TIEEW M UIRAK H 1 O BB A 228 Bh A DS 25
b, 2L, Be—rR T ATV OENTIC B W THBE ORI E T > TW\DH e
IZEDEEZ LD, ZHUCxL, REBRIZEB W UIFBENT VA7 VNONRT R
Lo TRIET D2 DL BN e o7z
543 I3zl —larkEBRobE

IBKAN DR % 54~64 °C \ZA LSBT o2 —var iR RE2 K 5-4 P bEOR
T KR ORI, EREROBEEZHMNELT, BIEOWINERIHFERE ZF~ DN
BB KA BB LUICMHTRE R Ch b, E£70, M TR B EHA R L L7 MERE I ook
LT, WEBRE DN EWE L2 A OMATR R Thod. WEEGEL OB EIT, Al
B TRLZM 4-10 (ZBWTRER ROFHEDD 1.31 kW —ELL Tzl —iay
(MU= 3, W BRAE D DN RS R LIFIE — B L =2 8 D ARFHZ DWW TH R UAE
R ELTZ.

FEHTHE R VLRI D FBRAE R E RO THY, FEBREFEHTHE R O OIR 21T BRGE
FNTHDWTE3%, COP IZDOWTH0.01 LINTHS. ZORERND, K2l —2 345 %
ORLFRFHOVERERTRL, 47 T VAU HHED T2 & ORFHIIE A TEDY— L TH D
EEXD.

NEREE RO B X, MEATHRIPE CHHIRAKA DR 54~64 °C 25758, MHHE
FNTDUNT 0.63kW, COP (22T 0.046 DD ThHD. BAEEFILESN TWDIEASE
— FE D ORI B TlE, IR D DR FE #5 ~ DN EREVR KT+ 53 /N EWKHET
b EMD, ARFEEGERIZBITHINLOMES FE MM Y OMEZ R+ 528280 A
REREINLILOLEE X LS. ZOWE, COP IFMHIK 7 °C HHAIRFZIBWT 0.33, M
K 9°C HATHEIZENT 0.36 FLE L FHISND.
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11.0
Average difference: 0.47 °C

10.0 e Cal. (include heat loss)

T = 15.1 °C
9.0 ’ --

Cal. (withou‘; heat loss)
8.0 Teyin=15.1°C

7.0
) o A} 7 °C chilled water
O: Exp. (ICHin=15.1 °C) outlet data (Table 4-5)

6.0 A: Exp. (TCHin=12.1 °C)
TCHin: Chilled water inlet temperature

Chilled water outlet temp. (°C)

5.0
_10.0 | Water flowrate (X 104 m?/s) S
= Hot water: 11.93£0.01
< 90 | Cooling water: 16.95%0.10
ey Chilled water: 3.21+ 0.07
g 8.0
g 8
Q
%D 7.0
E
o 6.0

Cooling water inlet: 30.0 £0.03 °C
5.0
Average difference: 0.046 _~without heat loss
035 |  ~---777 N . S
O
5 0.30 S
@) A include heat loss
0.25
52 54 56 58 60 62 64 66

Driving hot water inlet temp. (° C)
Fig. 5-4 Heat source hot water temperature characteristics of the proof-of-concept

prototype measured by the experiment (Exp.) and simulation results (Cal.). COP
decreased by 0.046 due to the internal heat loss.
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5.5 FEHEDFELD
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THEEEEPRET 2L — L a IR LIRS, DL T Ok ima 57z,
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I LR AE ), BR ORI D IME M Z B G2 LTz, ZhbORE R IX
HeATHFZE (Ma and Deng, 1996) 12kl CIRITEETHER TH-oT-.

Q) VX ZTNITRYPAINDI a2l —a il B LR IC LD ER T R4
LEBS U725 5, MR TBRAE 122U TH3%, COP 122U T+0.01 LAN DR FE & s
L7z, ZORERING, K2 —2XE AT 7o fE 2 ORREHIIEH TED
ZEDIRESIT.

(3) P2 —Z &AW TRINERN AR FE R~ D NEEGE K D S84 AT LT 2R,
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6.1 # &

55 ERCITIRIL R A 7 L DEREDIR FEZER D 80~90 °C 2 HEAK 60 °C ETIX
W RE7 22 7 U 7 NI AR A 7 AW TR BB ERE A BB L, BIEIRE S8
FJONEAIRE OB T DR Z BB L. 2O T, JRBEERIE#Z G L LT
VAT N2l —2EBUEL, RENDEDNDHERE B UK T 5281280, |HiR
RE 71 35 LORGREFR B (COP) IZ D W T3 22 AT RE EE SR H D T L A fERB L7z

—J5, B TR TE TNV T A VT COP 28 0.5 THY, JFHERER#IC
BUWTHHEEGE AR, iR LT-56 T FEFRO COP 1% 0.33~0.36 FRELTHISH
7= ZOMEIEEIRO — BB AOR 0.75 LT D5 12 ThHY, ERMEEEETD
L EEPH S R ESNAZENREIND. EZTH =TI, X7 NVITMA 7 VDR
M THLHRIREEE ZAERFL DD, COP %[ L4570, T NI T A7)V ERERD
—H\IHY ANV EM A GO —EHHF T AT A2V | (Schweigler et al.,
1996, 1998, 1999) Z Xt ELTAZERFEEATY. —HZZ 7 NIV T M A 7 )L OO
BEEXEX 6-1 1277

(e —e] [cHe e HH{roH{re
+| =W (i

Single-effect cycle Double-lift cycle Single-effect double-lift cycle

Fig. 6-1 Conceptual diagram of Single-effect Double-lift absorption cooling cycle.
(E: Evaporator, A, A1, A2: Absorber, G, G1, G2: Generator, C: Condenser, HG:
High temperature generator, LG: Low temperature generator, AG: Auxiliary

generator, AA: Auxiliary absorber).
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6-1 DRERLDIEY, —HNHEZ T NI T MA T THERD 90 °C FREE DR AKZEL
LT D —HE AP A7, B I CTHEIELTZIITHRK 60 °C FLHE DR KAFIH A
REZ2 4 7 VU7 M (B A 7L (Fi H, 1989) (Herold et al., 1996) ZfHA A HH 7=
LD THD. ZORERUZEIY, JVBEIREEEH OBJIRAKICKTIG T DZENTES. Fiz,
FEARRRBEROL, T NVITR AL 6 ST L T—EIA A7V OfHA
IREENRFAEREL CGEIILZZ LT 7 8E25.

INET—EIAY T NIT AR, FEES T LK OHBRIRE KRy NI — 7 ~DJi
%z BHELTIRE, F3ESiLCE7- (Schweigler et al., 1996). ZOHFZETIL, —EZH
ZTNIT AT NVERR LT A ay N7 T ML, #ilsdhE 5 iR 7K O A 200E 2 X -
TWA. 5 6 ETIE, —EHIHAX T NITIAILDI 2 —ar BLUBE#ICE
DIEHET — 2 LD RS ROV TR LS.

6.2 —EHAXTNITRIAILDY AT T 11—

—HEHIME T NVITZE (LT, SEDL &3°%) A7V Ok Z M 6-2 | RS ZOH A7
JEHTET TR AT LA AED 7 OB gL, A AT 3 HOEIKEA
IR SN TWND. ZOP A7 TIE 2 R OWIEIEER RN HY, — 7 1ZW UL
ZRA), RIEFFAELR(LG), LK UVE IR AL HG) & IRIR A R A At (LHX), iR
BZHLZRHEX)Z /T U THREA TV D, 7 I3 B R#E T, #lBRIGE(AA) E Al Bh 2R
FHAG)Z, MRS (AHX) 2T L TR A TV,

BREN MR IXIRK CHY, mili FEZRHG), IKIEFAEHLG), MiBhiAESRAG) DA
AFICHHRESILD. HIKIE, BN, MBhRINGR, s | CHHRS D, ImEVIZRR
#THRAEL, ZARHITL, MAKREDOHEARBHHE SN TR DA BT L > TH
Hsh, WEELL TR HENS.
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a¥d L)

Auxiliary | _| High temp.
Generator Generator

Condenser [

AHX HHX

Auxiliary || Low temp.

Absorber Generator
LHX
Pressure
ﬂ Heat Input
Evaporator > Absorber
G {} G Heat Output

Temperature

Fig. 6-2 Cycle configuration of SEDL cycle.

6.3 FAINIIaL—H
6.3.1 32l —HDOREER

SEDL A7/ DRalb—aET V%K 6-3 \RT. KW, ZZFREIREWIEHIE
— BT AT FARIR IS B L [FIEE, 241 EL & E2, Al & A2 (2 ST
%, ZOREEIE, 2 EIRARIE - RIERE L TN E CE RIS HE I VST
XIMEETHD. LTeD3-> T, M 6-2 IZ/RLT- SEDL A7V DJETIL~Lin 3 BETh b
DIZH LT, ZOFTIVTIX, P, Pu, Pri, Pro® 4 BEDJENV~S)VPEET H. 22T,
¥4 E1 & E2 2BV T, M7KIREIX Nl ThD B2 MELSARD720, A KIET)
1L E1 X0% B2 MEL 72D,

Rab =D A NEK 6-4 [T . ATINTA=ZEL T, KHERBALZHE DO
B, BURIEK, (mEDK R ONR K OHESTRE K Ot &2 52 5. SHIT, 2584 - W
DDA B, IRAK K OBEIKOIEKSTEDREFTRETHS.
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Pas Refrigerant
liquid
“‘- -
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)27 E2 == A2
. ™ \ Re_ﬁ‘lgeran‘[ 4 ]
vapour
| EI — Al
20 [ . " 5. e
Chilled water Solution Cooling water
(Absorbent)

Fig. 6-3 Cycle simulation model of the SEDL cycle with two step evaporator and

absorber.

Double-Lift

Input
Chilled | Inlet temp.
water Flow rate
Cooling | Inlet temp.
water | Flow rate
Inlet temp.
Hot water
Flow rate

Heat source

Refrigerant temperature

Heat loss ratio

Fig. 6-4

Output

Cooling capacity

COP (Thermal Efficiency)

Chilled | Outlet temp.
\ water | Pressure drop
Single-Effect Cooling Outlet temp.
> water | Pressure drop
Solution temperature
Hot Outlet temp.
SEDL simulation model water | Pressure drop

- 80 -

Diihring chart

Input and output of SEDL cycle simulator.



How —HWHF T NIT IS REALER DB S

P AT N2 —F DGR 7o —% BT (PAD) EL T 6-5 1277, v 3al—
AVTHARINT 3 BB EE LI > TN, &8 TOREIZ VI RS 27 2
L7=#C COP D H HZ17.

(1) fx bJE A7V BRTOBUNS, BURIRK, mEIK K O KO EE DI
R

(2) THJE: X 6-3 1TRLTz 4 BFEDETIL~UZ BT WIS DI EH A

(3) I FJE A BASHAZR DO BN S FE SR EHE

PRab—ZOYEEE T VI EO FHRIR MR REE, 5 02 7 VU7 ML
IR A7V ERIBRDEERET R AL L TD. LTed > T, BV SOBR 2R
EDCEEREZ FEROE WO 52 2281280, FEM L0722 E R 56050 D
EEZDLID.
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Input configurations of each component

Input boundary conditions;

Flow rate and inlet temperature of hot water, chilled water and cooling water

Calculate heat transfer coefficients of each component

Heat balance in HG and HHX

Calculate whole energy balance
Or+ Qnc+ Orc+ Ouc

=Q4+ Qust Oc

(Qe=Qr1+ Qr, Q4= 0ua1 + Qu2)

Mass balance in py
Gvig + Gvac = Gve

Heat balance in AG and AHX

Heat balance in C

Modity pu

Heat balance in LG and LHX

Mass balance in pys
Gvig = Gvaa

Heat balance in AA

Modify par

Heat balance in E1

Mass balance in py1
Gver = Gva

Heat balance in Al

Modify pri

Heat balance in E2

Mass balance in pr>
Gve2 = Gvaa

Heat balance in A2

Modify prL2

Calculate COP Set boundary conditions of each component

Fig. 6-5 Problem analysis diagram (PAD) of cycle simulation program.
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6.3.2 —IRERIEREIZ AT 72 AR O

SEDL W /45 RS DR ERE O FHENZ B 720, BTE TR oA 7022 —2 %
TH AN OIERFFEEZRF LT, REFIEL T, IR ERIER OB OFEE, B
AKIBFEZELEDOBIHE T 6-6 12”7, [XH, 2-step EA 7% 2 /0 EIZRFE WY, 1-step EA 23t
SFe D HLE AR DO FFH S A RL QD 72, THW-out (FEJFRIEK O H DR
ARLTEY, ZOREPMERVNZEBEIERED MmN 22 R TS, 2L D FH RS R
Db, BT 2 3 BIREIED 2 BZRIE I A 7V DN IS T, RO A7 L L g
LTWBERENIDA 3%, COP 23 1.5%[m EL, ZARIRAKDH MREME N 52873
%, T, —UEVEE CIEBIE TR O m = I IR KB & RIARIC SEDL 3
TEHEICE 2 S BIZR RIS EA B 35281 LTz,

BT, A2l —&E W TRIRIR K S EIK D EK FIEERE LT R AKX 6-7
WZRT . ARFT O R, mEENITEJRIEKE HGOLG>AG DJEIZ, mAEIKZ
ADAADC DIEETHZEIZIVERKRERDIEDD, —RKAIEHE TIZZ 0K FIEE
AL
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THW-in: 95°C mmQE C=3COP =O=-THW-out
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94 : L 48 T

2-step EA I-step EA 2-stepEA I-step EA
Chilled water: 13-8°C Chilled water: 15-7°C

Evaporator and absorber formation

Fig. 6-6 Effect of two-step evaporator and absorber in association with chilled water
temperature drop.
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94 - 48
Hot water >  HG-LG-AG HG-AG-LG HG-LG-AG HG-AG-LG
Cooling water > A-AA-C A-AA-C A-C-AA A-C-AA

Hot water and cooling water flow order

Fig. 6-7 Effect of hot water and cooling water circulating method.
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6. 4 —UGAERRIZLD R
6.4.1 —URAAIEREF I OVRERE M

P AN R 2L —H LD EHEREH &I SEDL WA TR ORI EREZ RUELT-.
RO A7V 70 —% K 6-8 [T T . AV DFEARERILK 6-3 ITRLTZ 2l
—1arE®TIVER—THD. AFELORINARD FF 2 EEEE L, HmikKo
WARKFRIT, B 67 THHBIDNRRKMEERoTEMEYE, ThbbEKE
HG>LG>AG, %EIKE ADAASC DIAELT-. Fio, RRMEHITX 6-8 HITRTIE
HRAE BR AR L ENRUR KR BE DSV T BAEICED, 5 5 CRRELTIZZ T NI T A
NELTHIEIR ATRETH 5.

—UEAERRIZ K, AR B L ONRARZ G T D72 DI B 2 R iE A E L 72
—UARIER B L OB O M2 X 6-9 12, B FO7a—%[¥ 6-10 IZR”7. &
BRERAR 7K R, MAIKR, IBAKR THERSIL, TR0 RHKEFTEDIRE K
RIS CGRIEE A T2, BAKRROIREFREKIL, 71— Bt a LT
WEHIKD LD MBARZFIEL, BHKRIL, 7L — IR Z N L T HIEOIEERK
ERZHT HZ L TIREFEEZT > T D, RIEHOEIR 72 DR KRITIEARATZ T
FIR L7 AK B EE XD — 4 THIEV T 52 LI K 0IE K Z T E OIREICHHIEL T 5.

Heat source hot water

' | I
P L 2 i |
e, ) . )
Chilled water ( Pl -I : T : XD
El Al I I . | I
I R I | :
o LG | AA | |AG i ¢ [HG I
E2 | A2 R . P @ .
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S W B = Wl o Bl bl
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Cooling water
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Fig. 6-8 Cycle flow diagram of prototype of SEDL absorption chiller.
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Hot water, chilled water, and cooling water

Hot water, chilled water, and cooling water (return)

Fig. 6-9 Prototype of SEDL absorption chiller and experimental equipment.

PL1~-PL3:Plate type heat exchanger

¥ Three-way valves
< Pumps

T:Resistance thermometer (Pt 1002 Class A) Indoor : Outdoor
TC1~TC2: Constant temperature reservoir :
FM1~~FM3: electromagnetic flowmeter i Chimney

i

Heat source :

hot water !

Liquefied '

g v Petroleum gas

a = PL3 i

:E T :
B ¢) 55 | ; Cooling
Chilled | X@ PL2 % TC2 : tower

water —D-(]—(SE ) ‘4

Cooling <X ®
water

Fig. 6-10 Flow diagram of experimental equipment.
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6.4.2 EBRFERBIOT 2L —XDOMGE
(1) HAMRE

—WKARVERE D FAVERER K 6-1 (TR, X T NI T A2)W(DL)ELTZFEERTIE, 24
JRIEZK 60 °C, MEIZK A FHREE 30 °C DT, 7°C OHMAKRDFEAEL, 5 _HITB TS
FELRERE R THHIE 2R LTz, ZOBJRIRAKIREIIB/EFE M LI T\5 DL
W A B O BIFIEE 70 °C X0 10 °C IRV 6 D ThD. SEDL HA 7L ELT= KBk
TIE, WIEHETT 106.1 kW, ZAJFIEAK A HIEEE 88.7 °C OZAFIZEVYT 7 °C DH KD
AT LTc. ZOLEOIRK M AREIL 53.0 °C Th-oT-.

Table 6-1 Experimental results of the prototype.

Operating mode

Item Unit
DL SEDL

Cooling capacity kW  42.0 106.1

Inlet °C 15.0 12.0
Chilled water

Outlet °C 7.0 7.0

Inlet °C 30.1 30.9
Cooling water

Outlet °C 34.5 36.6

Inlet °C 60.0 88.7
Heat source hot water

Outlet °C 56.3 53.0

Q) EAREFRFEB LY 2L — X DRRGE

IRAKIEEE DZEALAS SEDL A7 /T 52 HITEEIZ OWT—IREERE O BRBRS R L
Ral—rarfE REH 6-11 THEST D, WFNORE RH 5 ERE (0 ZIRK A DR
FE(Trawi ) DAK R EEBITHA L TWD, #3527~ 3 COP & [RIERIZIE KA TR E O T
(P TRA LTS, Qp LB TRV EIA 13/ &V,

SRR B B R O Rl Tl IR A RN 65 °C LL FOSMEIZE VT, COP
D FEBRAE R TR T FHERS RICHFL TR FL Q5. 20T, WERE IO
R EHE D R DD D BB K D BRI R ELIR T2 — R THHLHE
Z6N5. FIT, AR K Z K BLEE T2 COP % COPioss £LTE(6-1)ICXDK D, X 6-
11 HZ— SRR OR L TR R bl LT
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Fig. 6-11 Hot water inlet temperature characteristics of the prototype with SEDL

operation.
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COPioss = M (6- 1)

QH w + QH Wloss

ZZC, Qrtoss 1TFRFARFEDARIRTR 73 DEREL OB FEETHY, MmAKIRENFIE—
ETHHIEDNL—EEELT. ZOMEITIRAKAN DR 95 °C IZBITHHERETID 5%\
MU T HEREL T 9.232 kW ELTZ. Ouwioss 1 FERIR/K DMEER 2 i # 73 DI EE
KOWFEETHY, BARDA D - H I 5 R FE LN (Tamn) E DIRE 7B H
HL7-. X 6-11 lRENDET, R(6-DICEDMEBGREL DK IRIZ LD 2 —a i
RITFEBRFERLZIFEEDMEMER ST, DL EDOFERD LA FETIER L7 SEDL %
WD A7V D2 —Z I3 I FEROZEB 2 FHLL TRY, 127V OMERER
FOZEBO TFRNFEL TEAICHLIDY — L ThHZ L xR L.

6.5 HOoEDOELD

FOETIL 60~90 °C KIEDHPEEE AN T2 C, —EHF 717
NP7 VAR UTARIRBREY R I 2 g O FEifE it 21T o 7. ZOHTH A7
2= al AR T DL LB ICEERRIC I DB T — 2y 2 b — v ar DA T
LUF i RAATTZ.

(1) AT NAER OB/ L F AT RE e Ja b — 22 BEL, 7838 2R RIS D
2 BAALDOZhRARRGEL, BRI K & OB EIK OFEER k% e b L7z

(2) FHAE LD EE LR RITTE DSV CTRIE#R A TEL, 88.7°C DIRAKND 53°C £T
DOEENY, HHIZKIREE 30.9 °C DT 7°C DIMAKMPIAETHZEELETELT.

(3) — KRNI T, IRALE (SRR T BT DR EIC I F T NI T A2
WELTZEREITT-. TORER, 5 5 T2 R ERER S RRE, BRI
7K 60 °C, ImAIKAFIREE 30 °C DERAET, 7 °C DmAKDI AT DL R
L7z,

(4) EAKIEEZAK 60 °C 7°5 85°C FCA LS EMETI2L —Ta12dD), i
KR EEZEAIT X T D AR J1& COP O M A BN LT,

%7 BT, ABEORERICE SO TR A REL, PEREFHZ1TD.
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o7 B LA Lo E ERGE S S At

7.1 f 5

%6 BT, KD RN =21k IV B IR E TR CEL T — B HZ 7 LY
ZK(SEDL) A2V JIZHEHL, V32l —arBLOE —RKAIEHIC LD ERIZLY
SEDL A7V Dikigfa%k (COP) Dff b, A7 1ol —Tar O ERGEEEDT-.

%7 ETIE, FH R RN B L O S A REEL 72 A7 L3
L —&% DR BERZ G, BUEL, ZOMEEERETTY. ZTORRIZONT,
P RBE 7] S INENTRK O BAENIR L 72, FEBRIFICERR S IV AR B 2, B8 LMK
it A LS T T BRO R IRAE S DEALIZ DWW THE LT 5.

7. 2 B IEHORERL

M6 ETIRARIZINCT—EHHALXL 7Y TR (SEDL) VA7V, @O —ER %
WY AN L TE T NN T ANV EHER LD THS. 2OV A7V — K
BY AN DEFRTHLHZRIEL(E), WILER(A), AL G), EEfEa(C)ZEALLT,
E TN T ATV OERE THHKIRTTE(LG), #iBIINER(AA), MBI AEER(AA)
ZIBMUTAE R L e >TnD. 22T, —EHHAY A7 L O BAR(G)IHMKIR B AEA(LG)
EXBT D7 miR AR (HG)EFRL TV,

SEDL A7 /VZED KIREZEAFEIXOJFEAX 7-1 (R3. MEVHIEAK (BLF, &
IREFLT) MBS ND EHRFFAEZR O EEITH 75 °C THY, 80~90 °C DK THEAX
5. miR AL LR AKITISOIRIR B AR, MHEARIcitash, s
DOIREEITHFAKIRE 28 ITRAFT 25D D 55~60 °C FEE THHZEMND, IRKDEAT R
JLF—%H) 55°C ETHEIURL, KiREZETOMEANFATEES2D,

ZORREOUEFRDOWFFEE LT, PR E o HIREE B AR, = — ¥ = R BRI HER
A AL, MAVKA DR 27 °C OSMETIR/KIEE A 25~35 °C, /K H HEE
60 °C ZEBL=fI23% 5 (Schweigler ef al., 1999) . ZAUTKIL TH 6 ECTRIRLIZE
—UEERECIE, WHIVKATREER 31°C O TIRAKIRE ZZ2ITZRZE DR 35°C
EL, MR DR EET 53 °C FTEREIL T,
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Wide temperature
difference heat recovery

A |

| .
i !

o |

=) !

= I

= |

2 i

2 i

g i

= !

& !

3 !

e !

H | I

Sé ' Heat source i
E temperature for :
! ! double-lift cycle i S

Evaporating temperature for Cooling water Conventional heat
air conditioning temperature source temperature

Solution temperature

Fig. 7-1 Single-effect double-lift absorption cooling cycle. (E: Evaporator, A: Absorber,
LG: Low temp. generator, AA: Auxiliary absorber, AG: Auxiliary generator,
C: Condenser, HG: High temp. generator).

7.3 FEERILE
7.3.1 B EE O A7 T e —

—EMF T NVIT7 MR U B O (7 7 —2 K 7-2 1R, ARRTE
FETITSE 6 ECTRUE, BRRAIT o7 —UGATERR L [RIRR, ZRFREIRE)LRINEH(A)E T
W EILTAEIEE LT, MRRE 1 & COP ) |, 38K TONRIK Y 1R EE ORI L DA ]
B RZ Ko7, BT o — XL AR DR R IR 2 8 I T A 5 M OMEIR R A= 212
AN AR T 23T v 7a— e, 2O HAIL, SEDL YA 7% F R L=
(Z, i AR A LRI A AR A~ DR O 4y BL D A 2RO Z LI KRR 2 72 BRI
FEDRIGEFREE T HZETHD.
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T, ‘ﬂ
* EEEEEEEE SN E N EEEEEEEEEEEENEEEEEEEEEEEEEEEEEEEEESR :
llllllllllllllll N n
7 : 7 T . SRR 3
- €= > | Lo
E i A LG i AA AG i C E HG
| i )
Chilled water | . ! roow
(. : - Heat source
- == ' - hot water
----- P EEE EEEEEEEEPF | EEEEE L. EEE L mm P A (
Cooling water ] :
| >
|
---» - Refrigerant : At € 1
Vapour I < L e
- Solution heat | > AN : > Absorbent
exchangers : Refrigerant | (H,O/LiBr solution)

Fig. 7-2 Cycle flow diagram of the production prototype. Nomenclatures are as same as
Fig. 7-1. This cycle has a vertically separated evaporator and absorber (two-step

E/A) and a parallel-flow solution circuit between Absorber and HG/ LG.

7.3.2 SLEREAERED L S E]

FUELT- RSB O 22 HED S —UGRIE s o i A& 7-1 12, SMELA M 7-3
(R, BB T, EREE B EL TF KBS L TEsTBEE iR
TREmBEZHENT2EEL, SO E L E T D2 LIC ISR O (LW
H) 28§ 522 B XU, e TS — REERK D 106.1 kW (REAK A FHREE
88.7 °CHTXIL TRFELL LELUTRAEILT=.

BEARRLE DV T, B —WGERERE CITBE N O M B8 UL F KRR N D Bl i &
AL TR, SRR CIER 7-3 1IOR T IICIRIRE A %R0 BB I s
%, min RS L O Bh B AEgR O EIIC G as A Bl 9~ A2 LI VBN OB IEAR K
DYEIE EmEEL, ZRRIR~OWREOREEE ) LT 2ME s LTz,

F- 3 BOERBAIHE T — 728 TRAL T D oL & 7L — AL,
Z OO FEFEG I O IR AKBE VLI B & [R5 O TR L 72, ) 7-1 C/RULTEHE
ZACZPED T ROBERITT TR NRIFEAZ RS LT, (B35S — R
EIRIERDK —RALVTF U LR THY, FEIEERIEL T 2-mF AT T L a— LAk
ML TS, Zeds, EBRAFR DWW TIEEE —H o RIR R A i O BR 7 TREA L
72X 3-2 O Z V.
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Table 7-1 Outline dimensions of the production prototype compared with st

prototype(Chap. 6) .

unit  1st prototype(Chap. 6) Production prototype

Length (L) m 2.06 1.90
Width (W) m 2.33 2.10
Height (H) m 2.36 2.70
L-W-H m? 11.33 10.77 (= 95%)

Condenser

Evaporator Hot water inlet

Absorber Auxiliary

generator

Auxiliary absorber
High temp.
generator

i
F
%’7 Hot water outlet

Auxiliary solution
heat exchanger

Low temp. generator

Low temp. solution
heat exchanger

High temp. solution
heat exchanger

Fig. 7-3  Production prototype and its component arrangement.

(Weight: approx. 8.3 tons in operation)

7.4 FEEBRRER
7.4.1 KIREEAZN RN FEBRAE R

TR KIREE 222040 40 °C ELTZ AR CO R Rak 7-2 1R T. ERIZEWNT, &R 1E
AR IT FEBRIEOE A B L CREOWEIIE T, INB~DIEVEHi5E T 572
DIZIRAKBEGIRE 2 BIR D 95 °CIlZx LT 2 °C LHSHT 97 °C 1T ELT-. EBrT

- 03 -



7 RS EUERIC S DB ERRGEE S RS (b

—ZIERD AN O 2 BAERGL, FAFIREIZNTIE 19~21 °C Tholz., EROME
R, MIRAES 11T 165.4kW, IRIK2NDOEENIR EE AT DUV T 41.6 °C &720, 40°C %
2 DRI 7= CTOEBIL A RIRE ChAHZEN RSN,

— 7, RAEAEROBINGIZE B 328, RIEBIER (Qloss = Oin — Qour) 73 50.5 kW
E20, ABAVE (O = Ocn + Onw ) DRI 12%EFIEFITRKEVMEZ /RLTZ. £2C, ZOfHE
DIEFEMZHER T D7D, Fk2 2B DAREEBR AL L, 2O hik
L7

Table 7-2  Typical results of wide temperature difference heat recovery experiment.

Data No.
Item Unit Average
| 2
Chilled water Inlet temperature °C 12.7 12.7 12.7
Outlet temperature °C 8.0 8.0 8.0
Flowrate m?/h 30.3 30.2 30.25
Heat quantity (Qcn) kW 165.6 165.1 165.4
Cooling water Inlet temperature °C 30.9 31.0 30.95
Outlet temperature °C 35.8 359 35.85
Flowrate m’/h 67.9 67.3 67.6
Heat quantity (Qcw) kW 384.4 381.0 382.7
Heat source hot Inlet temperature °C 97.0 97.2 97.1
water Outlet temperature °C 55.2 55.7 555
Flowrate m?/h 5.70 5.75 5.73
Heat quantity (Quw) kw 267.7 268.1 267.9
Heat input (Qin = Ocn + On ) kW 4333 433.2 433.2
Heat output (Qour = Ocw ) kW 384.4 381.0 382.7
Body heat loss (Qioss = Qin — Qour) kw 48.9 52.1 50.5
Net COP (COPy = Qcn / (Qrw — 35.5%) - 0.713 0.710 0.712

* Average value of the Qs calculated from 28 points of measured data (see Fig. 7-4).
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7.4.2 AAEBMRRO R S3A

AREBRIEEE FAOCEHILE 28 HOT —205%K 7-2 LRERICARREVELZ R L,
EANT T LIZEED T D% 7-4 1R T. BERORRE LA DR B2 I<E T IO
LT X 7-4 DDARREE RO 3 A0 XU A A KR BLIET 55347 L7020 [R5 E OB
BEEAIREDHTE, R 7-2 TRUEZ 2 BOT —ZIXENZE I 42~52 kW, 52~62 kW D[
B Fh, FRRMETIIRNWI LR DD, BT —FhDE tHLf:K{¢¥&?ﬁ9%@¥i®TL
1%.35.5 kW Tholz. ZOBGERZFRERAZEL SLHEL LT COP (COPy) 133 7-2
CHEDETRTIIITK 071 Elpote. ok, KABIRROER L TUIHAESRE 3 &
FFOZLIC RO MENE R DO KR, FRREIZBITDRIMODEENREINZENETHN
2.

Operating temperature range: [ _
10 Topm - 82~20.8°C ! n - 28
T m'187 31.8°C ! s =12.4kW
30~ 08, ~355kW _
o | Tum :620~985°C Dioss =3 M=38.5kW
[
|
9 |
Q
g ° |
g |
3 !
=3 4 !
|
|
|
2 |
[
|
0 |

2 12 22 32 42 52 62
Qloss = Qin o Qoul (kW)

Fig. 7-4 Histogram of the body heat loss. The distribution shows unimodal and
approximately symmetrical shape. The average value of 35.5 kW is nearly the
same as a median of 38.5 kW and both are included in the modal class. Therefore,
we assumed the body heat loss as a constant value of the average, i.e., 35.5 kW.

(n : data size, s : standard deviation, M : median)

- 95 -



75 7 E R EERIC LD BN ERREE L Bl

743 K EREB L OARGBEMRE R ZZE L2 Iab—a ED R
INBJFIR KGR E Vew 4 3 ~ 7 m*/h IZZALSET25E6 DM BREE ST Qcn & COP D2
LXK 7-5 1R, RIFo7ay M, K 7-4 TRGELZ 28 SO FNLEKH HRE
7.9~8.4 °C , WHEIKADIRE 30.6~31.1 °C OFT —Z&HHLIZLDOTHD. iRAK &
Rtk EBRITIE KRR EER) 95 °C TITo7c7o, ZOREHOT —4# (7 5) O TH
L, & 72 THRALET =225 LIRABBIRER 97 °C 07 —4 (4 5) 2 ATRT.

0.8
0.7
0.6

COP (-)

0.5
0.4

0.3
200

175

150

125

100

75

Cooling capacity O, (kW)

50

25

)/—/_O_' ©
Chilled water outlet: 7.9~8.4 °C " i
Cooling water inlet: 30.6~31.1 °C ="
-~
O Exp. (THWin: 94.4 ~ 96.1 °C)
A Exp. (THWin: 96.9 ~97.2 °C)
Calculation (Qloss = 35.5 kW)
— — - Calculation (Qloss = 0 kW)
----- Effect of Qloss (insulation)
2.0 3.0 4.0 5.0 6.0 7.0 8.0

Hot water flowrate ¥, (m3/h)

Fig. 7-5 Hot water flowrate (Vuw) characteristics of the production prototype. For the

calculations, hot water inlet temperature (7uwin) is fixed to 95.0 °C. Calculated

results show good agreement with the experimental data by considering body heat

loss

(Qloss ) as the average value of 35.5kW.
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FEBROFER, MEEEIIL 88~ 172kW DRI TEALL, WIHEES ~DIR/K IR DR E
MRENZENR DD, FKHPITIL, 5 6 BETIERLIZH A2 —HITLDARE
BURRZEBR LIS (), BELRWES, 77005 BRI WA EiiL 7235
A () O FEREREZADEORT. —RERIZIhOOZETHY, RIFBEROE
BrRT. 2l —a AlBWTRREMERIIX 7-4 ORGEHE RS 35.5 kW —E
EL, KN BRI 95°C ELT=. X 7-5 DEINT, ARBFELL 35.5kW 2& B LIz
Lzl —a B RITERE RO M Z LIKHEBLL TRY, KMEBEELORELE T
2b—al HIEOZ MR RL TNDEDEE R D.

AAREGR NI DM TRE I ORI, K 7-5 HFE 7-2 OEMESRMCTHHIEAK T &
5.7 m*h LT 21.7 kW THY, £ 7-2 DERMITIBIT DM TR O BRAE 1138 K
TR 187kW ETHISHLD. COP IZ DWW TR R D BB T LB/ NS, ARIREGE
4% 35.5 kW & JEL 7= COP (COPy) 1% 0.70 FLE L7p o7,

7.5 FIEOELD
—EHHME T NI T MR REEO E b A BN T, R alER I L AT RE
P LRI BRI A EBRAYICRETL, LU Ofama 7.

(1) MEJFIR A BRI S 97 °C LT EEARMERESRBR DRSS, BAEIIUR KR 221X
40 °C %z 5 41.6 °C COBENFIRE THD. MIRAE /NI T AREEIR
KE2BGIELT-5E13 187 kW RRE L THISNS.

(2) FEBHERND R EREOBUN S A B LIRS R, SER CILF 35.5 kW @
ARBREGRRDFEAEL TS, ABVEDDARREGE R 2 U7 R A BV R S HED
COP 1% 0.70 B2 L7272,

(3) IR EEZRI 3 ~ 7 m¥/h ([ZE LS FEBROFER, MEEEEIIL 88 ~ 172 kW (Z
ZAEL, DML EBRODELNTAEEIRL 35.5 kW 2ZE L1701y
Rl —ralgERIzE — 8% L.

L fE R 8 SR ERSI X S LI BR L T 72 BRI RES COP 2 H 9 5H0
L7z,

- 97 -



8 —HMX T NI 7 MR SO FE A E A

58 F —HEH S T NI T MR BRSOt

8.1 #f &

5 EBIZBWTHIE LI 7 AT NI IR A 7 VA AR EL T, 2D FEREIZH
TR FHEIRE BB LT AE R, ZOEA kO — B MELHA GO, 5 6 =T
ARUTe—HE X7 VU7 (SEDL) W msiise U TRl A HEMEL 72, £ DRER, 5 7
B CIRARTZINZHTE DM AE/1E COP Ziil= 3 e & FERAICHERL, ORI L
LTS AT 228 LU (BENEF R B I 15 AT = /L3 — « PEZE RN IR & B F 1A,
2017) (A, 2017).

% 8 B TIE, 20 SEDL WU SO BN ERFIND, BINDOFEZFTE L (E E/L) ~
DFEFNZDWTRFIL, FEEOB AT L2EMIELZRFET 5. BN, K=
J7 IR R Dm K H AR EE O I, IRAKIR AR FRFIC BT 2 EAMREES 5.

8.2 —ENAZ T NI T MU BRSO AR

FERE L7 O R FALERE F 8-1 1R T, IRKBEW A HARIZ 31T DR KD A
H - PR 2236k R R 20 K FREEDS BRR T 7275, ABAFE TIITNA 40K £THL
KU, BALIRAKIREDHIZDDOEEIN EZ 2 {521 TS, ZAUCKY BRI &7
DIEHEE K 2 5 IR LTz

Table 8-1. Basic specifications of SEDL Absorption Chiller
(NEDO, 2017) (lizuka et al., 2017).

Cooling capacity kW | 176~3,516
Inlet °C 13
Chilled water
Outlet °C 8
Inlet °C 31
Cooling water
Outlet °C 36.5
Inlet °C 95
Heat source hot water
Outlet °C 55
COP (Heat efficiency) - 0.70
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8. 3 HASLOWE

E EVVERAYEANO KBTICEF SN FBEITE L THD. ERIFa—V Rk —
TardEE (CGU) 2B DA IR AKIZ IO IR A — F 50 A RS A BB L QU as,
THLNEFORZ A 7. ZOBE, CGU OHBIZIDIEA (CGU HHIK) IREN E
FL, BEEDHML TWAIEND, MEREFZELL FOHRKIEERET CGU 1 HFHH
LR HERITIE 95720, IAKDIREZEZILR T 5L TED SEDL DA DM
Y

FREATIEREOEHICHTY, VIO RTEICIAB YA L3 A7~ 2@
RH I EEE A e L CTENET A ATV REAHIE 28 AT 50D LT, ZOH%A,
WHIKIREEIL 35 °C 22D 37.5 °C BEET LA T22EMEES I, ZOIREEITHS
S5 AT REZR IR K BE R TR AR S L RSN, FZ O T, B—rmBEARTHEL

BEIOKHXT T— RN OWmHE L IR S,

8. 4 HAMFEDEE
8.4.1 EAMEFEDEE STIE

AR L OMEAR O E T, ABFFECTRZL, SRR EEZMRFELIZ A7/
ab =2 AW, Tbbial—ZDOER AN 6-4, T 7 LTV X LTI 6-

DBV THD. E E/VIZEITDH CGU OELNHIRKEVE, MK X OMRHIKIRE D

FHEE 2SI a b —va i R B IO FIZR T O E A~ A, &%
BRUTAER, WORTHEOEAZRTFTT5ob0E LTz,
8.42 IEEMFEOMHAR

EERTEDOAMR DI 2K 8-1 12, EARERRES 8-2 1R T. LD ISIZEELT
R EIKIREE 35 °C IR L7ofE R, BARIR KO H FIREE 235K 8-1 0D 55 °C IZHfL T
65 °C, COP 7% 0.70 {ZXfLT 0.60 L725>7273%, SEDL OFHETHAIRAKD A M« H 11 i
DIREFECONTIE 30 K 2R T DI ENTET.
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Fig. 8-1  Appearance of the selected model (CL-255DXS).

Table 8-2  Brief specifications of the selected SEDL model.

Model name - CL-255DXS
Cooling capacity kW 630 (179 RT)
Quantity - 3
Inlet °C 12
Chilled water
Outlet °C 6
Inlet °C 35
Cooling water
Outlet °C 40
Inlet °C 95
Heat source hot water
Outlet °C 65
COP (Heat efficiency) - 0.60
Length m Approx. 4.0
Outline dimension Width m Approx. 2.5
Height m Approx. 3.0
Weight in operation ton 18.7

- 100 -



8 —HMX T NI 7 MR SO FE A E A

8.43 HEEMMOBNE 2L —ar

BERFEOE AT, RERZIC TSN REES A RRO A 712
— XIS THEL, BEFHEORFHIIE ALz, L FIZEO—filE k<5,

EE LV CIIRRRDOINTH A NA TV R OB A Z R AL QD2 END, KR EM:
WXV HEDKIRE R K 37.5 °C £ T LA THATREMED DY, ZORMHFIZIE N TH CGU
DFREEFEAFERIZEIN T HZEEMET LT, X 8-2 (FFDFEEL THEIKIRE 5K
IR EEZ NS E G680 o —a fER TS,

8-2 TlE, ANGEMELTHEIK D EIRE 37.5 °C Z48EL, KNGO [EILER
BN EERDIDNTRKIREEZHE L. TORME, KOOI AN DR (Tuwm) 23
AR D 95 °C —E DA TR KT R Z e KA 125%F THI NS T2 ZEIZIDIEAKD
HOENRI A — EITHERFL, CGU 22bALILIRKEA NG TE5 RiEL 21572,

IHIZ, CGU 2 HOIRKBEFAIRE - F T KD IR KT 5B ) Ol DU TRk
L7z, AR BHRIRE 2 i miRE ThD 102 °C LLTEHAOHEKEEKX 8-2 I2h
HORT. ZOGEIIMAEIK 37.5 °C DERIFIZB W THHAARIED 90%LLN OIR K &
T CGU oDENEI S ATRE THY, AR L [R5 O R R 2 (COP) LImEHE /1 235
NHZ e o7,

ZOM, X 8-2 IZHIFHEE TIX CGU 236N AIRKEEEAREIZ T—EEL
TWDD, 5120 CGU DHEREZE LR E B A EL T, ZORKBENIHITH L7 B
DIzl —raFEuiTolz. ZIHIZKY, WEVKIRE ER-REO RIS EEL TR
BEHINSET25E, SOITRKIREZMEIL 7% E OWRKIRE LK o282 85
ANMZL, SEDL WU S AN A S Tz,
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Hot water flow rate (%)

COP (Thermal Efficiency)

Fig. 8-2

140
120
100
80
60
40
20

0.64
0.62
0.60
0.58
0.56
0.54
0.52
0.50

8 —FARNHA 7 V)T MR R Dt 8N

—95°C
THWF95
----- a----1
----—I"""""".'——_ 0 O
/ Tpwi=102 C
Rated point
Heat input from hot water: const.
Rated point “Wi=9s °c
Ty Hot water inlet temperature.
34 35 36 37 38

Cooling water inlet temperature (°C)

Behavior prediction of the selected model using the cycle simulator.

(Cooling water characteristics for cases of Txw; = 95 °C and 102 °C)
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8. 5 B ASITEITDIERRIRN
8.5.1 EAFEDIF il fH )71k

EJ\@ B D] ﬂgﬂwﬂkbfi KM BAMISEWRIEIHEL TORNTZD,
oy AAHERA I 35 1T DA IR ER O R B ofibf”ﬁ%ﬁﬁaf&w_ YN 10¥3 il
%ﬂjﬂyé%r 8-3 IZ/RT.

8-3 DIHIT, FEFENIMAKD H MIREEZ DR E B —0 H Iz,
AKD = FHFRERETHZLIZEST, WK DRENH EE LD ICHIET .
O IT EITIRKEE D — D HIRIG B T RIS T EH D THS.

MV (Manipulated Value)

Capacity
controller
Hot water
valve %
Temperature % M
sensor @ WemmeEners iesiciksiies, =& A
7 & R SRR B
Te-afeni) (D) (1
E: A LG AA AG; C !HG
' --;—;—E = g -
Chilled water I___,.
N : bos :
T - I e T T I e
Cooling water : { | [| Heat source
: ) i hot water
: x s I
:l Refl igerant |
- Solution heat exchangers  ---> : Refrigerant Vapour

Fig. 8-3 Capacity control diagram of the installed SEDL chiller. The capacity controller
keeps the chilled water outlet temperature at around target value by controlling

the hot water flowrate using the hot water valve.
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8.5.2 I T0% B far TOZ Bl il e s

WAFEDORRELTIX E ELOM FETHY, 3 50 SEDL WG A EhEi—
RTHRALT-.

BAKE 3 BAF 1 B0 4 HEOBERRNZ K 8-4 (TR T . £7 —X1T 1 KT LDFE
HMED 3 BB ENE-E) CTho. B AR RIXAKOIREZE (ATio) 73 4.2 K F2E THER
LTWDZENDLK T0%E R E LT, 5 R D 758 B il A A Rk DR A SE WL TR & [F]
Bk, IRKD =590 AW THIFEIL TRV, KO IHI2m KA AR (Ch inlet) DZEE)IZ
XL TR HHREE (Ch outlet) 233 EED 6 °C A ITICIER ICHIBHISH TS,

8.5.3 #J30%HAM, 60 °C R/K COZ E i fHliE i

A 3 BRoMo 1 EOEIRRIAK 8-5 [Z/RT. ZOEEE CIRIRAKUHE T
CGU MMEH F1iElR L 72> THY, IHKA DRSS 60 °C |tk THEREL T, 2084
Hen7KH RS IXX 8-3 LIk 6 °C RiifZIZHlEISTWD. 3 HHE (6 A 10 H) DK,
WHIK B L O ZKIRE OSFEIEE, BRI 58.7 °C, MEIKIRE 26.9 °C, HmAKH O
I 6.1 °C THY, ImEAMTRIL 27 % Th-o7z.

ZORE RS, SEDL WG BRI LA AT RFIZ 60 °C BREOPHEKZTEHN TES
ATREVEDNVRSNIZb DEF Z TS, A EBIZB T, 60 °C DIR/KIZED 7°C D
WAKRDBE TEDZEZRLIEN, S RIOFEFIZLVZOFREREESMEOENTZ7 1 — /L
RT =R G0l ZORIE, X7 NVIT A7V OB ERIC LD FEEEL 72 60 °C
TEKBREY DO FAR AL EA SN2 b AR L CTRY, ABFZERR O BB ED—>T
HHEZEZTND.

- 104 -



100
90
80
70
60
50
40
30
20
10

Hot / cooling water temperature (°C)
MV for hot water three-way valve (%)

14
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Chilled water temperature (°C)
Temperature difference ATio (K)

Fig. 8-4

8 —HMX T NI 7 MR SO FE A E A

7’ -t -
N N

— .
——HWinlet = —— HW outlet CW inlet
AKM-3 —— CW outlet ----- MV (Manipulated Value)

= Ch inlet

Ch outlet ----- ATio

0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

8-Jun 9-Jun 10-Jun 11-Jun

Time (hh:mm)

Approx. 70% load operation data at the installed site. The measurement time

interval is 1 hour. We can see that chilled water outlet temperature (Ch outlet)

is controlled at almost 6.0 °C of their set value by a three-way valve located on

the hot water piping. (HW: Heat source hot water, CW: Cooling water, Ch:
Chilled water, MV: Manipulated value, 4Tio: Temperature difference.)
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Fig. 8-5 Approx. 30% load operation driving with around 60 °C heat source hot water.
We have found that 60 °C hot water was available in lower cooling load and
27 °C cooling water temperature. In common with Fig. 8-4, chilled water outlet
temperature (CH outlet) is controlled around 6.0 °C. The CHP engine stopped
momentarily at around 12:00, 11-Jun. (All the abbreviations and symbols are

the same as Fig. 8-4.)
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