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1.3 AHWFZED B9 & ARimSCORERL

CZETOUREREZAT, WO TAHEOBNE, KRSLOWHKE & HITHRRD.

AWFZETIE, AR e — N AR TREGEOPERE O IRET & £ O/NRUE DT D DFE S & 5
ZHZLERANETS. TOREDIC, UTORHNEITR-72

%2 BTIE, BB E L CORMREMERS D LB ONDEEOY A 7 vE, BERE
SNTWARINE — R AR THA 7 NVOFNERKY AR, ZOMWREEA 7V I 2 b —
Ta AR o THIT L, kDA A 7 —Ria%#HE & CO b — MR v TR & e ik 217
R, W — hAR T ERGHEE LTHWD L OEREHRT LB, RbEL
A TN AT AEEE L.

% 3 BETIE, HERO/NUEOT-DIT ISR & GER Ot PRI Ao 0 B BRI 7 A
BRI L2 EL, TOFRELTHLAHAMR, REEX, / AVEHAO 3 2%
BEL, Zhbd 3 HROWINIEREMT 21772 5 7212, WA & — bR > 7l
oA 7N Ialb—ra 2L, ERFFEEEDE. SHIZ MU AHARR, fE
JE@=, 7 RO KB BRI R TOWRO TN DIEEEZ ET AL LT, AR OEiRS
TEFIZER T 2N TEREZ fRAT L, /NMUEFEEDE D ERET L. fRC ) ARz
WTIEEREZITR, RS OB EMEREOHER T T VA MIE L, WIEREFRRIC X -
T, fRNTIE & OB ZIT720, WBWRINER 2 EORREDORE SR 500 EMHEICAE D
STz

FBARETRRTHD.
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Fig.1-1 Various energy forms and energy conversions
(“Source: Saito and Hyodo (1997)”)
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Fig. 1-2 Schematic of an absorption chiller/heat pump
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Fig. 1-3 Cooling operation on Duhring diagram (“Source: Herold, K.E. et al. (1996)™)
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Table 1-1 Transition of the specific energy consumption in residential sector of Japan

(“Source: Agency for Natural Resources and Energy (2013)”)

Specific energy consumption, 10° J/family

Year  Air-conditioning  Air-conditioning Hot water Kitchen  Power supply, Total
(cooling) (heating) supply lights, etc.
1965 90 5379 5936 2803 3336 17545
0.51 % 30.66 % 33.83 % 15.98 % 19.02 % 100 %
1973 381 9056 9603 4270 6958 30268
1.26 % 29.92 % 3173 % 1411 % 22.99 % 100 %
2011 860 10230 10859 3115 13294 38358
2.24 % 26.67 % 28.31 % 8.12 % 34.66 % 100 %
Solution from generator
Cooling
L 3 L ] L ] - L L ]
\Vatﬁ‘r s & & & 8 ® 8 =8 & & =
outlet s e e o8 o4 0 o & a
L] - L] LI L] - - L] [ ] L]

Refrigerant
Vapor
from
evaporator

SRR

Cooling
water
inlet

Solution to generator

Fig. 1-4 Schematic of a falling-film absorber
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Solution
from generator

Cooling water outlet

Plate heat exchanger
for solution sub-cooling

I Cooling water inlet

% Refrigerant vapor
7

s / from evaporator

Solution
to generator
Re-circulation

flow

Fig. 1-5 Schematic of an adiabatic absorber
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[RTL—IC5—])

[REDH]

Fig. 1-6 Swirl nozzle (“Source: H. Ikeuchi & Co., Ltd., hollow cone spray KB series”)
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W & — b AR T DREEARD YA 7 NARAT

21 H=

WL e — KR > 7Y AT AOKEEHEA~ OIS ILmCOPHEMHI S RA T, = 1 /L F —HEH|
WICRKRELSFETEDEE20ND. LR, WRe— Ry 7o@sh={bicBE+
DT O BRI KBNS DI 00b LT, BURO T AGE CIXRTEICH A
BERAT—PEHASNTEY, WRe— MR 7 2EGHE L THWD Z L 2RFLE
FgEIE, EBROL DO LT OBITEA LRV, 14, TR E — MR 7 aE% )
DIEFEAT /2o TWDFIN DDA, TAUIIEESA & UCKEEET R U o A, KER{LD
U, KB b T LD 3HSYE 4036 1 24 TIRA L= b D& ANWTEH Y2, B
HEnTnwas 2 enb, RESMTOERITHLWNEEZ OND. £, HCOPEEFLH Z &
DA THDHEEZEZONDT RN A M A ZVIZBEALTE, A 7 VOIREZERITES
DRINTNDHDOD, KEHEIRAZIAE L2 b DITRER I TIIW2R.

ZITCZ I CIIMGERZAETCE DWMINE — MR T A 7V EREL, Ehbod
ANV ab—a &7 ) 28I X - THEREEM 24T 722\, 16k D T A48 1545°CO,
b— MR TG L PRI 5 2 & T, Wk — R T ORI~ ORI AT RENE A
RTZEEHNETS.

22 Wb — FRUT VAT LADOEKFEY A 7L

ZIZT, WINE — AR TOEFEY A 7 I ONWTIRRG . T RN A R A 7o
WTIE, 1990 £ H 24 & U TS A TS ST & 7272, Table 2-1 13, ZhJJ & 41K 7S 1998
I LT AV R YA 2 L0/ TH LY. = 2Tk, B, DKL voH
FEDOERIILLTOHY Th 5.

T BEWIZE LY HORWEBIEE DO AE DE DK
B WS EARFERR OB, E TR A 7 DR
BE o AR

BEET RNV R MA 7, TRBRCHBR B S A, HINETnE Table 2-1 12577
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£ 91z, TCOP M k], THIRMILR], TEEMEE MK D 3 DIZE L TnD. Z ZIZHEN
STWVWATA T ML, BE - BRINTHWDHEDOTHY, 2 THRER SN TNDHDITT
372 <, MMM ENTWD L0 b IV, BEICERINZNHDOLH 5.

EIAT, Wk — AR TR E L CTHWD ECTEERAIL, BTO 4 OBEFx5
ns.

(1) BEIROMEREER DI &
(2) FiE - BRI BRnT b
(3) FRMENRKENZ &
4) DENLEBEZDZ L

ZOETHHT Table2-1 /L CTAH L E, =JothA 7 AL =8 Lok, o1 2
X, B NUIZIZRN R, F, EMEEE RO O R A v, RO T A
B X G ED AR L LTZare 7 Fnbsinsgs. 22T, bORE &
B2y AT WEFKONET, TORNLAREEOH D EEZX LML HDIZONT, 17
Ny al—varEERL, TOmEATEEZRMNTLIZE LTS,

LiBr/H, OB —E# ARt — bR (Fig. 2-1 BHR)

ZOVA T IVITE S R A 7 VT, AL, EEfiay, 28%8Hs, WINER, AR
BSHAER CHERL S VD . WRINANELIBr (BAkY F o 2), WmIH,0 (k) Th 5. KK
ST S CIRIRPEEC L > THREE £ T S, el CEEfdRS Tl bEE 2 =17
TERECHEESND. F7-, AEBOMFIIELKTHS.

BROERORY A 7 0L LT, BEEEREHE LMERETHMEZ T2 ERIIRE VN EEX
b5,

H,O/NH-BI—EZWHARINE — bR 7 (Fig. 2-2 BHR)

Z DOV A 7 FHIRANCHL,0 (OK), WHEECNH (7 re=7) AW TW ALY A 7
VT, SR, FERER, ooMEds, BENARR, KA, WINER, WIREVTHARR, B AR
THERL S5 . HOINHRWRIR A oA 7 VTl TR CHRINHI Z I L TR CTH 5 7 v
FoTARRERESELN, FOBE, TUE=TIIWINEITH LK EDRSZENNS N
WIZ, D OKERIDBT VE=TERITRALTLEY, BIEMERELTLES. £
DIz, EHEE LR E T T D, FAR TRAE LARL, BHEG CHAERICIA
T DWIEUR & Hefih 9~ 5 2 & TR R DK O — & BEERENL S &, F oo Tl
TR C— Bl SN TmBER A, B DD ) 77 v 7 A L OREEAHIZ X D K5y
AR S, EA EXLERGEREE TRD HLS. LiBr/H,OEE & [FIER, JKiEKIE
ST RN TR PEEC K > THRIERE & THEAEh, Fiv ChEffigs CrRiRPER A 1T C
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R ECHIRSND. Fio, s & AR O MBS 2% T T D

Fig. 2-3 1XF/ZESS, WS, B CTOT =T KIBERE D LT =T KEK DM
B TH L. AN, FAESRTRAELAEAKT, 0 ER CTRINEGED S ORIE T
EREORIR D Z L TmHEIS R, RIS X D BT 2 IRREORE) LB S h
ERKE)VNER SIS, BRE)INMEIR T HICHEL, MRV 2IRE@G) &, Wt s
LCHWDDIZ 07 REE TRE SNTHIERRG) N ERSND Z L1tk b.

IK DFRIEWEEN) M) 21 16 °CC 2463 kl/kg, 65 °CT 2345 kIkgTH 2 —J, ToE=T D
FRISWEE L 16 °C T 1202 ki/kg, 65 °C T 969 ki/kg & /N WD T, —fEH9IZ LiBr/H, 0k D
J5H3H,0/INH B & 0 £ mICOPTH D & SH A, BALY F 0 AKIERIZIR R 65 % Tl
pa b3 % &0 9 KA H 2 72 DIZLIBIH,0 CIX FIRIEIZHIFI 235 D DIZXF L, Hy0/NH3
BCIEZED XD 72BN, BEHKE VD mARSVEZRHBICBWUIZORA
AREMEDRGEIMNETH D EEZ DD, £, KX 0°CTHA L TLE 779, LiBr/H,0
TUFEIY 0 °CLLN COEMRN A FRETH 55—, 7 2 F=7 OUWERHE SIX-78°C & fiisd T 7=
W, 0°CLLF COEINHICBEFRETHDL EV I F b H 5.

LoT, +ORGEEZEETEEEILND.

“EMARN e — FRT (Fig. 2-4 BHR)

WAL & — R T ORI DO— R ik L LT, BAREHERT 22 E MR Z
FoHid. T, ERFAERSRE HNEIRE B T OMRIBFAR~E XY, @mRFAERT
A L To AR R OB CLL THEME L THEEARERAE ST D &0 ) BRI
KT, BIZIEZEIIIFAERS 2 2, ZEHHHATIE 3 2L d. WROM LIFIZHEEK
FENH Y, MIRFAER, KEFAEROIBICFERZRT YY) — X7 e —, KRFERE, &
BAARONBIZIRT U N—2 T a—, WHIZHT 23 "AT7a—72 80135, Fig. 2-4
TV AN—=27 a0 —R "HEGHY A 7L THDH.

LrL, ZEMULORKROR AL, A 7 AnmaEmFElT 52 L Tho. KRIEFEE
PRORFE & JE NI CIE BRIE SN D T2, FRGERROD X 5 IR AR EE 23 [
SNDHY5E, RRFAEROREL, —HAEOBAERLFAFORM IR EEZOND.
FDD, KIEHERORR LG T 2 iR ALRT, Tl EicEiRE/EC2d. — %
A 72 LiBr/H, O D35 G, WA I\ T — B CI3RmIRE2 80°C ~90 °C, &
B TIZ130°C~150°CL 72D, 2D b, HMGEIRO X 9 e @A REIR I, S 57256
- mEEZBNTLE Y. £, b bREIEGEEE 72 5 H0/NH B O G G E iR D 3
AlLEANKEE L 725, LIBI/H, 0B 04T, AIROEY, HHEEOMBEIZ LY 0 °CLL
T COEIMNAARER 2, ZLEMAM L THAERMZE L COFAIXTE 2.

LoT, MGV A 7 Ve LTCTHEARNETHD EBEZHND.
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AHEY A Z VIR e — bRV 7 (Fig. 2-5 B R)
GAXY A 7 VB — bR 7 (Fig. 2-6 BIR)

HoO/NH BB TI, IR & Fai & DIREZZ RE L ENDDOPFFEOVLE S TH S,
PEEZEAN R E UV S, Fig. 2-5 3 L UFig. 2-6 O DUhrngfR X RT & 912, WINEC 31T 5 W%
TuktRl, BERICBTIHEAT B ADRENAS—N—F v T T 5, £ T, ZOHE
5 DRINENE, AR ~TRAT DEERO T IMBUCH WD Z L3 mlRE L 72D (AHES A 7L,
Absorber Heat Exchanger) . £ 7z [FIBRIZ, WA DO —H %2, AR TORET v XITHWDS
Z L HTE D (GAXH A 7 /1) Generator Absorber Heat Exchanger). Z U 51X, WUEAD NED
[ & > T, HEEERTOIMT~OREE X OFAER TOBBAZ TS T 2 &8 R
ThHV, FRCRNEAZERE L CHEILTE 2GAXT A 7 MO T, @hEE(LICA T
HoHLEbhTns.

—J, MREBICBWTCIARTH L0, BFEEE CIIRINERD D O IMER & L
THELRD., LL, ZHhoDP A 7B WTIE, KEKDIMEER & 72 5~ & IS
DO OBEBPHNEEIL ST LE I 72, MBEDOHKEZ ADRLed. TDi=H, W
AU X B AR A B ORI ZIR DS, WIER TOBEED AN L > TREAIC ML
— RA 7 Lo T LR, M@HO—EAE RS RRE L 2> TLEH .

LT, TNODOV AT MIKBE Y AT L E LTUTHEY TRVWEEBEZ LR D.

BCOPEIF 2 7 Y AL Z VIR — F ARV 7 (Fig. 2-7 BIR)
BHERT o 7 A A 2 VR e — R BV (Fig. 2-8 BR)

T aT NV A T NE 2 OO—FHHAWRIY A 7 A0 R S 11, HyO/MNH B — 20
WA 7 L RBAR] (R4 7 /L 2 LTC) &, LiBr/H,O%! — WY A 7 v % i Bl
(LY A 7 VMl - HTC) I2ZFnF % T 5. LiBr/H, 0% 1% COP H > KR AKE ©
HDHN, FREORKEZ VT Y AT AOLEIFLBAIERIEORBNRH 5 |, BIERKTH
B I OXFRTHAE DB IN D D . —ITH,ONH R X LIBr/H, 0Tk &t~ C i E Tl
HDHD, REICHKSFENES,, F-HEORN BTN, 20 2 DOV A 7 VEREET D
Z & CIKIREREE T COLIBIH,0OR OEH N Al & 7245, 85 1 ETCEALED, fEERE
X, ZOFA 7 NVENNDZ LT, WHDEHE THLBIH,0RZHWH Z N TEDL LI
720, ZORER, COP& KRNSO 7 % #ERk LT s,

T 2T A 7T, LTC & HTC BREWIEE RS T 25 Z & THA Z VDAL LT
DN, EOEDZITIE LT COP B L & AIRA D 2 D247 Hbivd. Fig. 2-7 @ Duhring
BN RS R D1T, & COP BTIE, HTC W L HTC %Eiazi A LTC FAEd ~DERA &
L CTHW, LTC BEMEEAD—EF1% HTC ZERE~ OB AICH WO D . —T, mARA T,
Fig. 2-8 ™ Duhring #XIZ/~"9 &L 912, LTC EEEEVIRED HTC ZAFRA~OEBAIZHN G
AU, F7o HTC WRINENT LTC FAEZSR~OBEWBANIZHWHN S, & COP B TiX, LTC ~D#
BT HTC WUIREM TN 2 C HTC BB EA S V2720, HTC IO EERIFL)S LTC M &t~
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TN 725729, HTC AR TOEREBAREDLY, COP ’Em<72b. L, @ikl
JRACH D HTC BEfEEAE NERIEI L C L% 9 20, mARIT A T, BGEIRIT T & 22,
—JimAA X, LTC Ml & HTC MIDBAEHIBLS RS & 72 D72, A 1EE DR COP 135
ADTRNDS, HTC B AR TE 5720, SAIREOHMRNIREE 2D, ZDOX AT T
1%, KIEAKIE LTC W CIRIRPEENA 521 CHh R £ ThIB &S 41, #iev T HTC B C©
IR L > THIGRE E THIRSND Z LT 5.

oD X, BERAICOWTIE, REEEARFTTORENH D L HEr L.

PLEX D, KREFFETIZLIBIH,O% —E AR E — h AR, HyO/NH B — 5% I U

t— bR, BRIERT 27 VYA 7 VIR E — RR T O 3 ODORINE — hAR T
A 7 MZOWTHRGIEIRO R 21T/ - 72

Table 2-1 Advanced absorption cycles (“Source: Kunugi and Kashiwagi (1998)”)

—Jt —JG —J.
A A& —B —EB =B —B =B
corPm E BEEEL BT - ZHOH - ZHEDH - ZHEH
() c =EHH (Vy—Far+
- DU JEAGERER)
(FEAEREAD)
< NEBA
% MR A [ IR *GAX < HRE =T At
‘RA +Semi GAX (1,2) HHE RN H
- Advanced RA (RE==% M)
WG - AL EAE IR ZHIH Dy % A C=HEHH NI B ESH
T 2T AT
W AER = A
=T At
U 26230
PUTESh A
- HESH
NEHH
P33 3PN - L UY—Farl
Z DA =R
b—hkR7
FRELKR *SRATA « BRI - on
(REA) C R — T

YUY 2

W IR R R R Y —Fa At
R 1

L EE 7RI =T 2
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High-temp. waste heat
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P mmm)> Heat dissipation E Qcon i
Py ' :
P
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Fig. 2-1 Schematic and Duhring diagrams of LiBr/H,0 type single-effect absorption heat pump

(upper) schematic diagram / (lower) Dihring diagram
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> Rectifier E—
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Absorber — Evaporator
High-temp. waste heat
<—= Heat input E“""-""E
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Fig. 2-2 Schematic and Duhring diagrams of H,O/NH3 type single-effect absorption heat pump

(upper) schematic diagram / (lower) Dihring diagram
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P = constant (P,,)
vapor at generator
1)
TRGR ' _______________________
solution Vapor
TRRD _________________ R R R (3)
© i '
S ,
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A ! returning to generator, (5)
TRDC I E' """"" — ":"'
| | @ |
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at rectifier outlet
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Fig 2-3 Changes of temperature and concentration of H,O/NH3 vapor/solution in rectifier and

dephlegmator
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Fig. 2-4 Schematic and Duhring diagrams of LiBr/H,0 type double-effect absorption heat pump
(reverse flow type)

(upper) schematic diagram / (lower) Dihring diagram
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Fig. 2-5 Schematic and Duhring diagrams of AHE cycle absorption heat pump

(upper) schematic diagram / (lower) Dilhring diagram
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Fig. 2-6 Schematic and Duhring diagrams of GAX cycle absorption heat pump

(upper) schematic diagram / (lower) Dilhring diagram
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Fig. 2-7 Schematic and Duhring diagrams of high-COP type dual cycle absorption heat pump

(upper) schematic diagram / (lower) Dihring diagram
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Fig. 2-8 Schematic and Duhring diagrams of high-temperature-rising type dual cycle absorption heat

pump
(upper) schematic diagram / (lower) Dilhring diagram
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2.3 fEHTAEEL

Z ZClE, LiBr/H,O% — &R AW E — bR 7 HaEH%, HyO/NH R — B0 I & —
NN TG, T 2T A A VIR e — R TGO 3 SO E — RV TR
GISIZOWTRIT 2 T2, ZENEND T AT LMEREZ T

B A 7 NTET HIRIRPEE, SRR, % COP LA T TR IND Z LI 5.
LiBr/H,0%4# & H,O/NH B D54 -
COP = T e 2
Qs +Le
T 2T NP A I OGS

QA_ e T Qc_ HTC

QG_HTC + LP_LTC + LP_HTC

e (2°2)

Z ZTQa, Qc, Qo, LplZZ N EAURIN NG, EEffaansli, BAsmiE, Ko 78hzER
L, IFODOLTC, HTCIZZNZEINT 2 7 A 7 VITH T HIRIEY A 7 Al & @it A 7 v
ME2BRT L. K7, Ry hReE —RoINVF—WELEHEEZDO TS, T2
72U, LiBrH,OBIBEIZIBWTIE, v AT ANAER CTEIRENZITIEF TSI Wz, R
VT ENNI TSR L LR TIEHTTE BIE LN E W,

AR D 3 YA 7V AT M, RERME OMVURE, AKIRE, HGIRE) %5 2 T
WrafT7e o7z, LUFICARBNT TR B R RO AT & 5.

W it = W e e (2-3)
(XW ) = KW ), e e e, (2-4)
Qi = Qi e et et ettt et e e et (2-5)

(2-3) ~ (2-B)NiFENENE ERTF, RERT, “XVF—RFLERTATHD. &
TW, X QiFZznZhnEE)iE BE BELFE® TS ZhooXEeFERITY T
DT, ANEHNENRT U AIEDL LT 217725 .

BWMEAEIE, BALY F 7 A2 L TlEMeNeelyd ik %, 7B T B LT VBT
AKVAIRIZ B L C i Ziegler and Treppd SCEk>® % SR L 7-.

figyE I INewtonE &2 VW 72, &2 CoFEN Q5HiTR%) L2 TOEHE —RitDO~ b
Vw7 ZATRILL, JacobifTHIIZE R v MBIRIC K 5 Gaussi =Lz VT 529,
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24 #aHtkE L TORINE — R 7 ORFK

T, WM e — FAR T EGSERRT S 2 L ORI A AE T 5. Fig. 2-9
%, W — MR FIZBIF LT 2SR THS. WINE — R 7T, B4
FRICBERANL, ZRRan THNBODEZR Y, WINER L BEHERRD 2 4 FTh B AN ~EAD i
HEnd., E2AT, Wt — MR 7 TOMEGEICIE, BE—EH FE) L FE
Mo 2 HERHL EZEZ LN, RE—ERTIE, M2 B0 TRELZ —E
L, MRS EZ MBS TAZEINIED. LT, WINEREEMHIROIBENF L &
% —F, FRATIE, MBKRITRA ICHIR S, ERICHDICBWTERI D
BEICET D20, WIS, EMESROIEICY ) —XTHREND. Ko THRIEROEEE I35
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Fig. 2-9 Conceptual diagram of heat balance in absorption heat pump
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Fig. 2-10 Relationship between the optimized absorber temperature (maximum COP) and two-stage

waste heat recovery in case of a single-effect absorption heat pump water heater
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Fig. 2-11 Analytical model of the LiBr/H,O absorption heat pump cycle system

RHE
WREA _WRCE =0
WREAH REA _WRCE H RCE ~— QE =0

37



Tega —Top +AT =0

P, —WtrT2P(T,e,) =0

H pea —W0aST2H(Tge,) =0

Eifie At

Wece ~Wree =0

Wece Hree +Qc =WrgcHpge =0

Qe ~Win Cpw (TWout _TWmid) =0

Tece — Twow —AT =0

Hece = WIigT2H(Teee ) =0

P, — WHrT2P(Toee ) =0

P

Wy —aWge, =0

Wig —~Wga —Wpgea =0

X acWae = XeaWea =0

Wi H ax +Qa —WeeaHgen ~WoaHya =0
QA _WHXCPW (TWmid _TWin)

o — TWmid _Twm -0

TXA _TWin

X ag — LIBITP2X(T,,,P ) =0

H, —LIBIXT2H(X 45, Ta) =0

P

WGAHGX +WRGC H RGC _WAG H XG QG =0
Tex — LIBrXP2T(X s, Py) =0

Hgy —LIBIXT2H(Xga, Ty ) =0

Teae =Tex =0

Heoe — FHRG(PH 'TRGC) =0

Qx _WGA(HGX - HXA) =0

Qx _WAG(HXG _HAX) =0
_ TGX _TXA

TGX _TAX

Hy, —LIBIXT2H(X g5, Tys) =0
H,s —LIBIXT2H(X o5, Tys) =0
CcoP

a =0

COP, — Qc +Qn _
(QG /773)+ Lo

38



P, -P

Mpnele —Woye =0

Pac

WIPERISE O B RIZLL F O Ths. ZibIEMcNeelyd ST "% & LI L= b D THh 5.

WItrT2P(T) SR T Ofafnk OKZR) DET)

WIigT2H(T) SR T ofafIkO T 21—

WgasT2H(T) HREE T ORIFIKZERD e 21—
FHRG(P,T) JET) P, IR T OMBVKAK O b 20—
LiBrTP2X(T,P) JEJ) P, IREE T Ofafn LiBr KK OWRE
LiBrXT2H(X,T) R X, IR T OfFn LiBr KSR O 20—

F72, alTERIERIL T, WINARICIRAT 2 MEARKEICKT 5, FERSE DI DK
MEOLTHY, LiBrH,0% —E A TIFLL T CEIND.
a:W“:: R (2-7)

WREA X GA — X AG

T ZT, WaeWrealXZHEI, WINERD O AR ~EDN DR O R L, MG R &
T, Xoa, XaclZZNZH, AN ORKRE (RIBEHRIRE) &, WIS O E
WHEIESE) Thb. ZOWERMIERLIIY A 7 VB 2 REREZER T L &5, I
TRARBRLE N K& < 72D LIBERIIRLS 72 D720, —EEBOBEFRKR 2RI TR S5
LEIL, MINRT oy VNSRRI EZ<IRL T, METAIAN—T22LeER5. 2
DRGSR, WEIRA 7T DA ha—7 BRI ASIET S Z Lk o TEkS®
HZENTE, HLHEILLT VAT A—FThHS.

LiBr/H,O — BRI . — "R TR A Z VBT T 51248 > T, U FD X H 7
RE & BV hiz.

YA 7 e

(1) TEHERETHD.

(2) HEFEIMICBIT HEEKITERT .

()  EWNWENC X DENRROBRREI IR TEET 5.
(4 BRGNTIHIRE, WKRE, EN3amafke 5.

HA - Bl
(1) HAESRTRETIHEARKUITIMNEEKCTH Y, T OWREITZRNOEIROIRAE TRIE
sN5.

(2) EEEERNEIBARES S F L.
Ao - TSR
(1) WINERNESNTARFESRIET L F L.

39
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Fig. 2-12 [ZH R R OGN 2 7R ™. F£72, SRR TORRAE LU FITRT.
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H VVREA
RXE

Tair Absorber.. Ty, W,q

Fig. 2-12 Analytical model of the H,O/NH3 absorption heat pump cycle system
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Fig. 2-13 Analytical model of the dual cycle system
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2.5.4 fifHT S0

Table 2-2 (2, YA 7 EHT THWEATISM 27T, 22T, SVKURE & AKIRE (K
TEKIREE) DEIRIZDOVWTIE, JIS C 9220 FHEEH b — AN v 7 T s S 41TV S Fig. 2-14
ORREEA LTV, E7z, SRR, AKRE, HEEEICSOWTIE, Table 2-3 (2
A EZE, R, £4F0, £4F0Q (WEH) O 4 FMETHRETRo. ZnbiE 3
A I NHBEOEMETHD. 7ok, LFQITHNEMN 0 CUTER-TEY, KBETHD
LiBr/H, OB I T ifE D720, BN R A[REL 72 5.

LiBr/H, OB TIZ, LiBrifidifbaBE L, IREEIREXca?S 63% % 8 2 72 \WEiH C, HikTE
BRIt /8T A—& L LTI L7z, H,OINHSI T, Arfsash SRl s~ s 7 &=
TAEKOME R, — 7R EERE TR ST\ 5 99.8% L L, WIRIGERILE RT A —4
E LTI 24772 572, T 2T A 70Tk, LTCHI (H,O/NHRY) DA IGERL &,
HTCMI (LiBr/H,O%Y) DIRESIKIRE 2 /T A —& & LTtz T/ o7,

ZOFRMNDIETRT A= EENIZE DT A T IV AT 5D COP ~DREEFI,
RO R[S & R L7,

Table 2-2 Input conditions of three cycle systems

Outdoor temperature (T 4, ), °C 0 ~ 35 (parameter)
Supplied hot water temperature (T wout ), °C 60 ~ 90 (parameter)
Boiler efficiency (g g) 0.88
Pump efficiency (i p) 0.5
Power generation efficiency ( g) 0.4

LiBr/H,O Circulation ratio (a) 5 ~ 30 (parameter)
Temperature difference at HEX (AT), °C 5
Mass flow rate of refrigerant (W rgc) 1
Temperature efficiency at sensible HEX (a) 0.88

H,O/NH; Circulation ratio (a) 3 ~ 10 (parameter)
Refrigerant purity at dephlegmator outlet (Y rpc) 0.998
Temperature difference at HEX (AT ), °C 5
Mass flow rate of refrigerant (W rpc) 1
Temperature efficiency at sensible HEX (a) 0.88
Temperature efficiency at rectifier (a ) 0.88

Dual LiBr concentration at HTC generator outlet (X g5 nrc) ~ 63 (parameter)
Refrigerant purity at LTC dephlegmator outlet (Y gpc (7c) 0.998
Circulation ratio at LTC (a_1c) 3 ~ (parameter)
Temperature difference at HEX (AT), °C 5
Mass flow rate of refrigerant at LTC (W gpc L1c) 1
Temperature efficiency at sensible HEX (a) 0.88
Temperature efficiency at LTC rectifier (e g (rc) 0.88
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Table 2-3 Four seasonal temperature conditions

summer intermediate winter_1 winter_ 2

Outdoor temperature (T ), °C 25 17 7 -3
Incoming tap water temperature (T y;, ), °C 24 16 9 5
Supplied hot water temperature (T wout ), °C 65 65 65 65
35 1 1 1 1 :
. . T=31c

30

L-T)+9 (2<T

air

<16)

Tap water temperature [°C]

. —16)+17 (16<T, <31)

air

(31<Tair)

20 25 30 35

Outdoor temperature [°C]

Fig. 2-14 Relationship between outdooe temperature and tap water temperature
(“Source: Japan Industrial Standard (2011)”)
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L L I b Oima s 74U, WIe — ARV 70 K DE5EER T, M5 EEsRE
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L FHimOCOP (TH) LIRWIKIRE (AR DERRE) (EM) ~084, Fig. 2-17
ICHAVKIRE (& AKIREE) iz X 2 8%, Fig. 2-18 ICHGHREZSbIc L 58 8%, =L
TTable 2-4 L Fig. 2-19 12, FZFHSMHTBIT HCOPR K & 72 5 S CToElnfIHE, FL
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5 ETORATHD.

VIR BR LE A K & < 72 D & FAEM~ ISR O EREA KL 720, ZONEHRETHN
—FHZLlhD. DL FBARCTHIVALKIEOREIK O BN 2 572012, HAL
BB BRI T 2B AR LCLE S 72, COP XK TT 5. —F, WG
MIEFINEL oD L, HAERTOBBAREITRADT 528, WD OFEE S - T
LEV, ZOBENBEAEORDIELY bRES o TLEY, FERAIZ COP BMET
LTLEY. koT, WEIEERIICK LT COP ICIXRBEMMAIF/ET D, L, COP MK
T 2IEEERIEERIL NS < 72D & &1, HEORE SITH L TEREN NS84
EC, BB OBENENMET T 2NN H Y, —FIIEIE D &Y E CIREMFESR L E
T 5 Z &3,

SVZIREECNKIREE S ER-T % & COP 8 ERT2HHIE, b— FR U 7IZEIT A {KER
ERBIROIREIEAIREY, b— MRV TAMMERIND Z &2 L 5. I HEREN
EATZE, = RCTOAMPBREL LY, COPITETT 2.

T OFER L0, AEER L 10 THEZICOP2S 1.58, HHI#IT 1,54, £FDT 151 & 72
DT ENDhoT wINBIZE D &, FREHCO, & — N> TG OCOPIE, EZT 4.0,
TR T 3.6, £FDT31 THDLEVHID, Z 2 C—RZRIAXF—NDLORENDEE 04
LI 5L, EFT 160, THMHIT 144, £FOT 124 L7725, ETAERORA T —HalD
BhERIT 0.88 FLEETH 5. Table 2-5 12, LiBr/H,OM —E AWML — hR > FHAHE, CO,
b — bR THEGECOP (—IRT=RNVF—HF), TAERE KA T — G Eait LT
Bl L7z, 2k 0, TAERERA T —fale & T 5 &L EZT79.5 %, I T 75.0 %,
A 75T 716 %ORFEm L&D, —JF, AAKIRE 0 *CULTIZBWTIEARA 7 —1EiRa 1T
RO LD, AZQ (WEH) CTIIRA 7 -G EENRT LD, £72CO,
E— MR TRGHE LT, B, FH, 40180, RENENLL EDOR)
ENGELNDEEZLND.

L2>L, LiBrH,OBNZ 1A b OEN 5 5 728, R 63 %% L[E5 2 LT TE .
Fio, BESRMNELL 78D (KFIThD) &, BREBE~WNEROIENME T 55T,
HIGRENIRE > TV D720, EEES COMBBRITIFTHSEMICH E 0 HEELZIT 20,
O, WIEROENIEFLTY, HEEEHE PN TE e, RN
ORI (FRYAIRIREE) S ER-T2. @mREANCIX BIRAH 2729, i RAVICIE R
DL 72 5. Fig. 2-16 38 K OFig. 2-17 L0, EFRSFMAECP ISR CIE, ®iRERIC 572
RRERTONLD, AFORMFTIE, WRERLE 10 RE LT &, IR AT RE
HPAORFUTIT S, BBV 720, SVRIRE 0 CHHTIc/e b &, Bz 352 LN TX
IR IRD T ENMERSND. T, FTDOCOPIK T 24kt L CiaiifgRt 2 k&< L
DR AN AR AN

FD XD BRGAEITBNTE, WD OBO — A # T T, WINEHREZ N, RE
EREZERETZ E WS HFIELHHITIEH DD, RIERN S ORgENE COP ERXNTH 5 (2-1)
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KODTFICEENTEBY, ZNEERKIZIETCI 25025 L, SBREDS721F COP I
KF+5zZLickhs.

H,O/ NH B —EFARIN b — bR FAGEHE DO AETHE R

Fig. 2-20 12, H,O/NH Bl —FE I b — AR TG T 5, IR ER lE 2 kiz &
% Z=ffifE DCOP~D 8% | Fig. 2-21 IZAMVKUREE (& AJKIREE) Z{biC X 5 8%, Fig. 2-22
\CHIBHREZAIC & B 8%, = L CTable 2-6 & Fig. 2-23 124142 BIT 5 COPR K &
72 % RC OB TRRZ, & & DUhring#RIX TR g, IR ER FEZE RISk~ 2 COP~D 22>
W, EMERIIZIELIBI/H,OB Tl 7= Z L LRI CTH D, 72721, LiBrH,0B I AERT
FIRENZNIEFRIT NS WD, R T E13e v EREEE Lin—T, H,ONH A
XERIE DB R E N0, WRIERIENPKE L 2D LR TE IR RKE 720, COPIK T
DHER E2D. Lo T, HONH B IZEB W CIIIEEIEER )L 2 K< M2 B2 BN B D3,
LiBr/H,OF D 1 5 ITIREHIKI NN, WRIAR AR T2 N A7 A EREE
ARl (TR

H2O/NH 3R 73LIBr/H, 0% & bh N TR & < B7e 2 s, IREICHIFIN A, 0°CLL T T
IS ATREZR R, T L OB 7 0 B ADRNEREATH S, REHKAELS, 0°CLL T Coi#
BENAEECH D Z & T, AFORLFEQ (MEY) CHLLE LEEN LD, —7,
7 a2 2B LT, H,OINHBUZBIT 2 AT A EORKOKRETHDLN, KA
T LTI, Mg D OBENE, EEfEaRm IR ~OEE L LTINS T 5720, i
MG Z N TE D, [UREMEDNEE L 225 &, ISR D FAER~RAT DO
REMETT 2720, HAERTRETI2OEATREGIKTL, BB 7 vt XA TORET
NEBENINT D, TONNEEAE L THRIBICHEET 52 &1/ 5. Table 2-6 1280
T, AFEOEHBENRKEL 2o TWVDIDIEZEDDTHD.

H TR RIEER L 3 TCOPAY 1.43, Hr LA IKIGBR Lt 3 TCOPS 1.38, A FOMIEIRTE
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Fig. 2-15 Effect of absorber temperature on COP
(LiBr/H,0: Circulation ratio is 10, hot water temperature is 65°C, summer condition)

(H,O/NH3: Circulation ratio is 5, hot water temperature is 65°C, summer condition)

52



Strong solution
concentration [%]

: 1.4 +{ ——summer  |------ ; -------- ; —————————
o . . : :
O 1.3 4| ——intermediate |------ R TREEEEEEEE
©) . | |
> 1.2 +{ ——winter 1 |------ e T
= 1.1 4| ——winter 2 B e
S | |
T 1 41 === boiler | SR A
: . Boiler efficiency = 0.88
0. 9 T e- '-';'.F'—' - e '-ll';'-"-' '—';‘I'-' - e - .'II-';'-' - -
0.8 ; ; ; ;

Circulation ratio [-]
Fig. 2-16 Effect of circulation ratio on heating COP of a LiBr/H,0 type single-effect absorption heat

pump water heater

(Circulation ratio is 10, hot water temperature is 65°C)
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Fig. 2-18 Effect of supplied water temperature on heating COP of a LiBr/H,O type single-effect

absorption heat pump water heater

(Circulation ratio is 10)
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Table 2-4 Operating condition of a LiBr/H,O type single-effect absorption heat pump water heater

summer intermediate  winter 1 winter 2
Circulation ratio 10.0 10.0 10.0
Concentration difference, % 55 5.9 6.0
COP (containing pump power input) 1.58 1.54 1.51 (0.88)
Circulation ammount of refrigerant 1 1 1
Supplied hot water ammount 29.6 25.8 22.6
Generator Pressure, kPa 32.2 32.2 32.2
Temperature, °C 107.9 117.1 126.4
Concentration, % 54.8 58.9 62.6
Mass flow rate 9.0 9.0 9.0
Heat input, kJ/kg 2836.9 2959.9 3092.1
Absorber Pressure, kPa 2.42 1.36 0.73
Temperature, °C 41.3 37.4 33.2
Concentration, % 49.3 53.0 56.6
Mass flow rate 10.0 10.0 10.0
Released heat, kJ/kg 2673.9 2762.5 2860.0
Condenser Temperature, °C 70.0 70.0 70.0
Mass flow rate 1 1 1
Released heat, kJ/kg 2407.1 2425.0 2443.1
Evaporator Temperature, °C 20.0 12.0 9.0
Mass flow rate 1 1 1
Received heat, kJ/kg 2244.0 2227.6 2211.0
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Fig. 2-19 Operating condition of a LiBr/H,O type single-effect absorption heat pump water heater in

summer and intermediate seasonal conditions on Dihring diagram

Table 2-5 Comparison of the COPs between a LiBr/H,0 type single-effect absorption heat pump

water heater and three other water heating systems

COP
summer intermediate winter_1 winter_2
LiBr/H,O type absorption heat pump water heater 1.58 1.54 151 (0.88)
CO, heat pump water heater*?? 1.60 1.44 1.24 -
*converted into primary energy standard COP (-1.3%) (+6.9%) (+21.8%) (-)
. 0.88 0.88 0.88 0.88
Gas boiler
(+79.5%) (+75.0%) (+71.6%) (+0%)
0.95 0.95 0.95 0.95

Gas boiler (sensible heat recovery type) (+66.3%) (+62.1%) (+58.9%) (-7.4%)

* power generation efficiency was assumed to be 0.4
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Fig. 2-20 Effect of circulation ratio on heating COP of a H,O/NH 3 type single-effect absorption heat
pump water heater

(COP contains pump power input, circulation ratio is 3, hot water temperature is 65°C)
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Fig. 2-21 Effect of outdoor temperature (and tap water temperature) on heating COP of a H,O/NH;3
type single-effect absorption heat pump water heater

COP contains pump power input, hot water temperature is 65°C
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Fig. 2-22 Effect of supplied hot water temperature on heating COP of a H,O/NHj3 type single-effect
absorption heat pump water heater

(COP contains pump power input, circulation ratio is 3)
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Table 2-6 Operating condition of a H,O/NH3 type single-effect absorption heat pump water heater

summer intermediate  winter 1 winter 2

Circulation ratio 3.0 3.0 3.0 3.0
Concentration difference, % 18.8 21.1 23.1 25.5
COP (containing pump power input) 1.43 1.38 1.33 1.27
Circulation ammount of refrigerant 1 1 1 1
Supplied hot water ammount 14.8 13.6 12.5 12.9
Generator Pressure, kPa 3303 3303 3303 3303
Temperature, °C 131.1 145.7 159.0 176.0
Concentration, % 43.2 36.3 30.4 23.3
Mass flow rate 2.0 2.0 2.0 2.0
Heat input, kJ/kg 1515.7 1702.7 1898.4 2199.8
Absorber Pressure, kPa 855 634 461 314
Temperature, °C 40.9 36.3 313 26.6
Concentration, % 62.1 57.5 53.5 48.8
Mass flow rate 3.0 3.0 3.0 3.0
Released heat, kJ/kg 14477 1556.2 1659.9 1781.8
Condenser Temperature, °C 70.0 70.0 70.0 70.0
Mass flow rate 1 1 1 1
Released heat, kJ/kg 1098.7 1184.8 1282.2 1465.6
Evaporator Temperature, °C 20.0 11.0 2.0 -3.0
Mass flow rate 1 1 1 1
Received heat, kJ/kg 1030.8 1038.2 1043.6 1047.7
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Fig. 2-23 Operating condition of a H,O/NH; type single-effect absorption heat pump water heater in

summer and winter_2 conditions on Duhring diagram

Table 2-7 Comparison of the COPs between a H,O/NH3 type single-effect absorption heat pump

water heater and three other water heating systems

COP
summer intermediate winter_1 winter_2
H,O/NHj; type absorption heat pump water heater 143 1.38 1.33 1.27
CO, heat pump water heater*?? 1.60 1.44 1.24 -
*converted into primary energy standard COP (-10.6 %) (-6.0%) (+7.3%) (-)
. 0.88 0.88 0.88 0.88
Gas boiler
(+62.5%) (+56.8%) (+51.1%) (+44.2 %)
0.95 0.95 0.95 0.95

Gas boiler (sensible heat recovery type) (4505 %) (+453%) (+40.0 %) (+33.7 %)

* power generation efficiency was assumed to be 0.4
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Table 2-8 Operating condition of a dual cycle absorption heat pump water heater

summer intermediate  winter 1 winter 2
COP (containing pump power input) 1.25 (0.88) (0.88) (0.88)
Supplied hot water ammount 14.4
(HTC) HTC COP (c_ontaining 1.45
pump power input)
Circulation ratio 55.7
Clrculgtlon ammount 048
of refrigerant
Generator Pressure, kPa 32.19
(HTC) Temperature, °C 127.6
Concentration, % 63.0
Mass flow rate 26.4
Heat input, kJ/kg 1668.8
Absorber Pressure, kPa 3.07
(HTC) Temperature, °C 70.0
Concentration, % 61.9
Mass flow rate 26.9
Released heat, kJ/kg 1575.0
Condenser Temperature, °C 70.0
(HTC) Mass flow rate 0.48
Released heat, kJ/kg 1179.0
Evaporator Temperature, °C 70.0
(HTC) Mass flow rate 0.48
Received heat, kJ/kg 1086.7
(LTC) LTC COP (cgntaining 159
pump power input)
Circulation ratio 6.8
Circulation ammount 1
of refrigerant
Generator Pressure, kPa 1.13
(LTC) Temperature, °C 65.0
Concentration, % 51.8
Mass flow rate 5.8
Heat input, kJ/kg 1386.0
Absorber Pressure, kPa 0.86
(LTC) Temperature, °C 45.9
Concentration, % 58.0
Mass flow rate 6.8
Released heat, kJ/kg 1292.5
Condenser Temperature, °C 28.9
(LTC) Mass flow rate 1
Released heat, kJ/kg 1234.9
Evaporator Temperature, °C 20.0
(LTC) Mass flow rate 1
Received heat, kJ/kg 1141.5
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Fig. 2-24 Operating condition of a dual cycle absorption heat pump water heater in summer

condition on Duhring diagram

Table 2-9 Comparison of the COPs between a dual cycle absorption heat pump water heater and

three other water heating systems

COP
summer intermediate winter_1 winter_2
Dual cycle absorption heat pump water heater 1.25 (0.88) (0.88) (0.88)
CO, heat pump water heater'?? 1.60 1.44 1.24 -
*converted into primary energy standard COP (-21.2%) (-389%) (-29.0%) (-)
. 0.88 0.88 0.88 0.88
Gas boiler
(+42.0%) (+0%) (0% ) (+0%)
0.95 0.95 0.95 0.95

Gas boiler (sensible heat recovery type) (316%) (7.4%) (74%) (7.4%)

* power generation efficiency was assumed to be 0.4
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Table 2-10 Comparison of the COPs between three absorption water heating systems

LIBr/Hzo Hzo/N Hs Dual

summer 1.58 1.43 1.25

intermediate 1.54 1.38 (0.88)
winter_1 1.51 1.33 (0.88)
winter_2 (0.88) 1.27 (0.88)
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Table 3-1 Operating conditions of absorption heat pump water heating system

Season Summer  Intermediate Winter 1 Winter 2
Circulation ratio 4.0 4.0 4.0 4.0
Recirculation ratio 3.0 3.0 3.0 3.0
Heating capacity, kW 6.0 6.0 6.0 6.0
Hot water mass flow rate, kg/h 125.8 107.5 92.1 86.0
Tap water temp., °C 24.0 17.0 9.0 5.0
Supplied hot water temp., °C 65.0 65.0 65.0 65.0

Sub-cooler Pressure at nozzle inlet, MPa 3.30 3.30 3.30 3.30
Sol. mass flow rate, kg/h 118.0 100.0 84.9 78.7
Sol. concentration, % 55.4 51.9 494 43.3
Sol. temp. at sub-cooler inlet, °C 47.8 42.3 355 33.2
Sol. temp. at sub-cooler outlet, °C 25.7 18.8 10.9 7.0
sub-cooling degree, °C 22.1 23.6 24.7 26.2
Released heat, kW 3.35 3.37 3.40 3.26

Adiabatic ~ Pressure at nozzle outlet, MPa 0.86 0.63 0.46 0.31

absorber  Pressure difference, MPa 2.45 2.67 2.84 2.99
Saturated temp., °C 45.7 39.8 32.7 29.7
Saturated conc., % 58.2 54.9 52.6 46.8
Conc. difference, % 2.8 3.0 3.1 35

COP containing pump power input 1.27 1.23 1.21 1.16

Table 3-2 Comparison of the COPs between an adiabatic absorption type, a conventional type, and

three other water heating systems

COP

summer intermediate winter 1 winter_2

Adiabatic absorption type H,O/NH; AHP water heater  1.27 1.23 1.21 1.16

Conventional H,O/NH; AHP water heater 143 1.38 1.33 1.27
(-11.2%) (-11.1%) (-9.2%) (-8.7%)

CO, heat pump water heater? 1.60 1.44 1.24 -

*converted into primary energy standard COP (-20.6 %) (-14.6%) (-2.4%) (-)

Gas boiler 0.88 0.88 0.88 0.88
(+44.3 %) (+40.0 %) (+37.5%) (+31.8 %)

0.95 0.95 0.95 0.95

Gas boiler (sensible heat recovery type) (+33.7%) (+29.5%) (+27.4%) (+22.1 %)

* power generation efficiency was assumed to be 0.4
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Table 3-3 Experimental Conditions for Measuring the Breakup Position of a Liquid Column

Subject liquid Propylene glycol solution
Solution concentration, wt% 0,25.3,31.5

Solution depth, mm 10.0 ~ 40.0

Pore diameter, mm 1.0~4.0

sponge

spreading tray
with small pores

scale

high-speed camera

Fig. 3-8 Schematic diagram of an experimental apparatus for measuring the breakup position of the

liquid column
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Fig. 3-11 Pore arrangement on spreading-tray
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Table 3-4 Input conditions for spreading-tray specifications

Pore diameter, mm 1.0~20

Solution depth, mm 50~ 15.0

Tray diameter, mm Values satisfying the above

Number of pores per tray Values satisfying the above
4

Droplet diameter (mm)
N

Breakup length (mm)
N

40

35

30

Tray diameter (mm)

25

Dpore=2 0TI ‘
- 18mm
i T  16mm
T 1.4 mm
! ! 1.2 mm
. | . 1.0mm

Dpore=2.0 mm

1.8 mm

Nl
1 3 - 14mm
3 \\\L?\mm

| | —~— 10mm

Dpore=2.0 mm :
| 1.8 mm
© 1.6 mm

1.2mm 1.0 mm

Tray diameter
=28 mm~35 mm

30 60 90 120 150
Number of pores per one tray (-)

Fig. 3-12 Relationship between number of pores and the diameter of the generated droplets, the

breakup length of the liquid column, and the tray diameter
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Table 3-5 Input conditions for the specifications of a spreading-tray absorber

Pore diameter, mm
Solution depth, mm
Number of tray stages
Tray depth, mm
Absorber height, mm
Tray diameter, mm
Number of pores per tray

1.0~2.0

50~15.0

1~15

20.0

10.0 ~ 3000

Values satisfying the above
Values satisfying the above
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14

100
S
o
i 95
c
2
=3
2 90 ‘ ‘ R T R/ A T S P ----
o)
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Fig. 3-13 Relationship between the height of the spreading-tray absorber and the absorption ratio and
the absorber volume
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Fig.3-14 Relation of parameters to wetted area
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Table 3-6 Input conditions for specifications of assumed dumped packings and absorber

Packing No. #01 #02 #03 #04
Packing name Raschig Dixon Berl Dixon
rings packings saddles  packings
Material Ceramic SUS Ceramic SuUS
Void fraction, m¥m? 0.69 0.98 0.60 0.92
Total surface area, m¥/m® 312 240 899 3009
Critical surface tension, mMN/m 610 380 610 380
Hydraulic diameter, mm 8.85 16.33 2.67 1.22
Absorber diameter, mm 100~1000
Packed height, mm 10~300
! XX K (
X >< X X ><>< x X
0.8 1R OA -t B
%9 li A
S |
— & ‘
S 06 t--Ommme T o
S ol
s 04l ++ 777777777777777 v Ceramic
S ‘ W Curbon
A Metal
| OPlastic (Polyethylene)
0.2 oo T O Alminium
1 + Glass
| X SUS
0 1 1 ‘
0 400 800 1200 1600

Total surface area per unit packed volume (m?/m3)

Fig. 3-16 Characteristic data of the dumped packings
(“Source: Bill and Schultes (1993), SCEJ (1988), and Okutani Wire Netting, MFG,Co. Ltd.”)
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Fig. 3-17 Photographs of three types of packings

(upper): Ceramic Rashig rings (“Source: Christy Catalytics™)
(middle): Ceramic Berl saddles (“Source: Christy Catalytics™)

(lower): SUS Dixon packings (“Source: Takenaka Kanaami Co., Ltd")
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Fig. 3-18 Relationship between the packed height and the absorption ratio and the absorber volume
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Fig. 3-19 Relationship between the packed height and the absorption ratio and the absorber volume
when the packings #03 or #04 listed in table 3-6 is used
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ARFETIE, S W B IS ORI E) 2 &7 Al U TR RERRAT 21T 72\, PERE
S AT o 72, FeEJE M BWLIN SR IR NEET S ez, ET7 WETIE, Fid
@ Onda et al. D EBAHEI X2 H W CHEENTELY fES > 7-.

0.75
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— —1—exp —1.45{3J We®? Re®* Fr 0%
a, o,

F 77, RHAIFEEIZLLT © Billet and Schultes DR % W TR G & LTH-7-.

INbxEL EIC, LERTEEGSGIRKEM OEEHEZ /T A —2 L LT, B8 HEX
E BT R E O CTIRINERE 2 T35 2 & T, MERRINZEMAEE RED 7.
FEHR & LTI, PUAMEOBLE G, Z2MR0.69, HEMHME 312 MmOl v e - Y
vk, ZEMRER 098, HLEMIE 240 MM OSUSHIT ¢ 7 Vv - Ry R0 2 FilEE, £i-

EPERE D BLS ) B 2205 0.60, ML HAE 899 m/mP DRLHEL~ULIL « - L & Z2[RER 0.924,
FeFiHRE 3009 mYmPDSUSELTF ¢ 7 v o« Xy o 2 A F N ENARE LT,

Z OfR, RN ICEM 2 W56, FEEMH I 2 i D 5 IR S 23 2.5 mm ~ 4.8
mm &7 0, MBI EEE A S EIERERIL T v e s VT ORERET 47V s Ry
FUOBAETZENEN 1300 mm & 1000 mm & W HFER E 2570, Ko T RARIRED T
EMERWTESE1E, N UA B E Rk, MNEE CEWINELZS5 X 5 kit Tidk
<, ARWINER TRENCH TR O LT NENTND EEZ BN, MMUKIZIZm RN EE %
bivd.
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Fig. 3-20 Photograph of the dismounted swirl nozzle
(H. Ikeuchi & Co., Ltd., hollow cone spray KB series)

Fig. 3-21 Photographs of the swirl chamber
(H. Ikeuchi & Co., Ltd., hollow cone spray KB series, Mass Flow Class 56)
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Fig. 3-22 Illustration of flow path in simplex atomizer

(“Source: Tanasawa and Kobayashi (1951)”)
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m, = p (Ao - Aa)"a

LoT

FME O ERCOYRIT M IOV T, (3-14)=0 & (3-26) L v
uara = uSrS
rﬁlrs

PR

(3-27)312 (3-28) 2 & (3-29) L&A 5 &

1 mr, ) mo Y

I TR EC, HEAT .
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M, =Cp N2, AP = CoAGA20AP oo (3-18)

(3-30)xX1z(3-18): L&A AT D &
L .

S O e (3-31)
Cé,GM AEraz (Ao - Aa)2
WF0O GM 1L, Giffen and Muraszew OFEFHIZ LS <A EKT 5.
I TCUTORMEEZS.
Xy = B (3-32)
A
A
K = o e e (3-23)
ﬂrO rS

Z I TXemfElX, Giffen and MuraszewDEEGGHIZISIT 5/ AV OEBIZI80T B 2GR4T, Wr
AFEICHE AW R E 2o TEY, ERITESWIMNE - /IMROBERIZ 1T 5 28R 5 X 1«
EEIILL T O H 5.

KAEIZ A T —)L ) VD 5 TREFCIREFEM T, ZAUEME - /MROBEEGO H o & HET
H5. (3-31)KUT(3-32) & (3-23) XA AT B &

1 1 1

2 =2 + 2
CD,GM Kl XGM (1_ XGM )
(3-39)R1E, / ANOKFTIELE BT OV A XL, MEREOBFREZRL TS, 22T
BHEEL1OWHETD. KIERED LS REOHETYH, ZEMEITmENRKICRD L) 7%
k& 72D, DF W CoENXEDZEAIZH L THAEE 72D Ko B L 725, K- T(3-34)
Az T

(1),
dXGM CD,GM

LR DA

d 1) 2

dx GM CI22),GM KlzxéM (1_ XGM )3

Lo T

2K ZX 2 = (L Xigyy ) e ettt et (3-35)

(3-34)20 & (3-35) 2 L v
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3
Coom = e (3-36)

1+ Xgum

(3-35) L ¥, XoufEIZKMED 1 B TH L Z ERDY, £7-(3-36)3 LV, CofEb
FIKMED 1 BB TH Y, BHENAPIZL RN ERNDND.

Giffen and Muraszew!Z, (3-36)=UCH H &2 BEERCoMEDY, FEBRCpfE & g L T/h &< 7
HZEEmERL, (3-36) X HWTHIELTWD.

3
Coem =117 W .............................................................................. (3-37)
GM

ZZETEoTEThNs L HIT, MEGRIIEFITE WD, B SI1%E-16)R &
(3-28)DIEVIRIN T WD, I - IROBGER TIX, "8 A OBBORE 2OV T,  HRIENES
DIHPE 347 2 RS 5 7= O R0 & VW TEREL L T 5 723, Giffen and Muraszew D #Fg Tl
IlE LD L L TR TS,

FEFITIA MRS TIEH D0, TN EORET BRI ET D00 ERGET 54
b D
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Fig. 3-23 Illustration of flow path in simplex atomizer (“Source: Lefebvre, A.H. (1989)")
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35.2 BRI DEMN & HER A DM IE

(3-24) X TEIN DR - IO EARE L, (3-36):CTFK &5 Giffen and Muraszew
DO EREANOHEONLHRMEE, EBEOWEE 2T 5700, FEEaitioiz. %t
BIRIKIIAKE T B =T KR E L), 7o =T7 KREOREFNFERIZT, %ib1+5
WAPERERHIIFZBR CHUG L 7T — 2 2 W TWAT2®, ZOERO-OIEFICER LS
DTIERV. KTOERIZOWTIE, MHEALAFEFEEZMELZOT, Z 2 TEHEISHEIT
T 5. WIRPEREFHA D EFRILE SOV TIEIR T 5.

3.5.2.1 JKMESIFEBRD Tk - Sl - SERE

AEBR TRV E OREIGX & B % Fig. 3-24 & Fig. 3-25 (2~ $. AEHATIER IC Y~
TNThHD. V) —RNIKEBDIZRIC, VU 2 — S EMEZER A2V AT
MEL, EAZLX2b—X THREILRNS ) AVNEKEER S5, TOB, fiEqt
EENE Y —TCHEEEEIE N EZFRIL, T— a W —ICFHT — % ZINET 5.

F—&nf—|%HEEEO LR8400, J£ /1t v —IxdfE D PVL-10KD, #EEHCIX
KEYENCE D& & at FD-M-5AT % /2. 72/ XU, WiT 9 BOZEM#E /) 2 (1%
FREMNERE) KB VU —X&HANTWn5. [ —OFEEI3+£0.03 % of RO, i
FHOKEEITH0.8 % of FS TH 5.

Table 3-7 I[ZHEBRGEMF 2T, 7 AW, WS D BOZEMEE ) XV e R R
JEKBL V) — Xt JEO RS 6 FED AT — /L ) ANVEREL, FRENIT ) AL
Fehkhzl-. ) AVERE, FEBRKELRDICONTRIMEDOHER L 725 K 5 12if~
TW5. Table 3-8 12, M 6 FilED ) X)VOiLkEE T, Z ZICREENTWAHEH ) 95&
FEPEIZOWTE, AF e ZETIERLS, FERIZ AVESHEL T TEHEREZIY HL,
BEMEECTHE LIZETH D, 7 =7 KEROBINIEREFHII R TIL, 2o 6 D /
ANDHH 4T (/) AVESHOL, #02, #03, #05) Z VY, MEFHE X, 0.1~ 1.0 MPad[#]
T, Table3-7 [Z/RTHEY 7228, T DL & OFEMI72 RS 13 Table 3-13 TH 5.

FERFIILL T oMY Th o (Fig. 3-24 /).

) AN BRI 2R

1) 7L VL V3 EZBHWT, NATVIDOARMNSL Y U E—~IKEHANTD.

2) ST VIOHANLANRHTELZDL, KOMBEA Ny 7T 5.

3) ST VLV EHDD.

4) ZEKJEMEE A SV T VA ONEIZSH D L F 2 L—ZITHHRET 5.

5) NATVAEBRNT, ENEL Y —TOMERRNS L X2 L—Z TEHZFEL, JE
MEZe & & 25 0 IA T,
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6) /LT VEEBHNT ) AP HKEERSES.

7) MESZ 30 BB L7 (REFFORERHOD), T—Fn i —TiHllzmsL,
M7 — 2 2 BT 5.

8) /LT VEEMLT, v¥al— X CTHEENEFTESTS.

9 BIIRD.

10) 2 TOENTHM LK X726, NV T VAEZHL 5.

11) 7SV 7 V2, V3, V5 #BAWT, U v —NoKkE2THL, BRIETS.

12) ) ANERDHZD.

13) DITR5.

pressure

sensor
[ ]

o regulator
V4

e

V3 compressed air inlet
water
storage
cylinder
water water
inlet

outlet

S
.0

V2

water outlet

Fig. 3-24 Schematic diagram of the experimental apparatus

108



JJL‘

Fig. 3-25 Photograph of the experimental apparatus
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Table 3-7 Experimental parameters

for water Nozzle No. #01, #02, #03, #04, #05, #06
Pressure difference, MPa 0.2,0.3,0.4,05,0.6,0.7,0.8,0.9
for NH; aq. Nozzle No. #01, #02, #03, #05
Pressure difference, MPa 0.1~1.0

Table 3-8 Nozzle specifications (H. Ikeuchi & Co., Ltd., hollow cone spray KB series)

Nozzle No. #01 #02 #03 #04 #05 #06
Spray angle, ° 80 80 80 80 80 80

Radius of swirl chamber, mm 1.752 1.578 1572 1.536 1.681 2.072
Number of inlet ports 4 4 4 4 4 4

Total area of inlet ports, mm? 0.225 0.286 0.286 0.362 0.386 0.503
Orifice radius, mm 0.291 0.323 0.401 0.380 0.413 0.407
Height of swirl chamber, mm 3.423 3.534 3.507 3.517 3.497 5.437
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3.5.2.2 EBFER & HEF X OMHIE

Fig. 3-26 & Fig. 3-27 |, FEHIiaE & HEF B ORI A ~7". Fig. 3-26 [XHI1E - /MR
A HD\N 2 (3-24) %, Fig. 3-27 X Giffen and Muraszew D FEGIZHS = (3-36) X%, F
HfE & i LT S,

Fig. 3-26 £ v, #li# - IROBGRN OHER SN DIREIE, K, 7 E=T KERE DT,
W10 LI CEBIE L 45 2 & Wbs. 1272 L, IRFRIEICH O CH TR A X <
o TWA. 72, Fig.3-27 X v, Giffen and Muraszew D ¥ a7 HHER S 2RI, &
N OIZZAFES D TEB Y, Mg - IROHERME & D LB TRENR S > TV D.
RIS, SRIIRIK, T E =T KRB A DR 2 E12OW T, Raddliffed 5 K50 &
B EoTWA.

INLOHEXE LY EBERLOICT 7201, #HEXKOWHIEEZTT2>7-. Lefebvrese
JonesiZ L% &, AU—L ) ANVDOFWREREIZIE, 2 TEEORI LEADLL/S, 5T
BEELEOROksdo DS 5D £\ ¥ 2 TSN T, UT Rk IER
R L, BRSO AT o7,

b c
R (3-38)
CD dS dO

L, TRBMIEED Y D, 3-2)Rn6anD LI, I PTERER LW ORI ONT
K EOH T—ES KL TCWD72, fiEHEd/dolE oW\ T, skt 32 LTI
B L72Wv. Ko T, EEUFRSHTOMERER, ZOHEEANT L b ERFERHER N RO TH
T, AT 52 L& L. ZORER, W - /IMROBEGRDOCHE (Cpork) (22T, ds/dg
EEEETLELEBELT D 2 LN TE A, Giffen and Muraszew D FLig DO CpfE (Cpam)
T, BREADTZOIZIZd/dy SN E E o7, BREUFGIT O RS ONT-XELITIOR
7.

C L -1.67

P 2108 S | et (3-39)
C D, TK d S

C . -0.97 0.29

i BN 2.16[5J (d—SJ ....................................................................... (3-40)
C D,GM d S d 0

ZORIEIZHEEDWT, A, EBRE & HERE A ik U725 R % Fig. 3-28 & Fig. 3-29 |Z7R
F.INED, mEELHREREENR EL, ZERCEZERD X)o7 Enbns.
Z P 1 T(3-39)A & (3-40) A L2 &, M - IMROBERICES < (3-39) X v T
NTHDLEFERD.

Fo, TTETERLTCORo7R, b O —D, MEHAEOMBENG D, WA,
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WE IS T DT AR AE & JE TR DN D, LITF ORISR E .

ZD 2 OOWEMSORIE, WP E IS, WIROWMECERE D E bR, W
IZ—EThDHEIND. EEIZ, ST 6 FEE XL OS2 HER L7252 % Table
J9ICHED., ZORRERD &, W - IROBGRE CIE, AL E LT 807 T Dfi
NG SN TS —J5 T, Giffen and Muraszew OB FREIL, 15° BE S KX < AL 25480
bHZENbrot. koT, LVLELEEELHETE MR - IHOHEGRZMHIEL
72(3-24) Xk L UVB-39) XA, ZHNLIBEOMHTICHNWD Z & & LTz,

Table 3-9 Comparison of spray angles derived from between TK theory and GM theory

Nozzle No. #01 #02 #03 #04 #05 #06
Spray angle (Catalogue), ° 80 80 80 80 80 80

Spray angle (Tanasawa and Kobayashi), © 78.93 72.00 78.26 78.26 7232 72.32
Spray angle (Giffen and Muraszew), ° 9457 86.86 93.83 93.83 87.21 87.21
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50 4| @ Nozzle No.#01_water B Nozzle No.#02_water |
A Nozzle No.#03_water ® Nozzle No.#04_water
& Nozzle No.#05_water & Nozzle No.#06_water |,
> Nozzle No.#01_NH3ag. O Nozzle No.#02_NH3ag.
40 4 A Nozzle No.#03_NH3aq. O Nozzle No.#05_NH3ag.
----- +10% ----- -10%

w
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Predicted mass flow rate [kg/h]

[EY
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Measured mass flow rate [kg/h]

Fig. 3-26 Comparison between measured mass flow rate and the value calculated from Eq.(3-24)

(Tanasawa and Kobayashi)

50 | ¢ Nozzle No.#01_water B Nozzle No.#02_water |
A Nozzle No.#03_water ® Nozzle No.#04_water
& Nozzle No.#05_water & Nozzle No.#06_water |,
= > Nozzle No.#01_NH3ag. O Nozzle No.#02_NH3ag.
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Fig. 3-27 Comparison between measured mass flow rate and the value calculated from Eq.(3-36)

(Giffen and Muraszew)
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Predicted mass flow rate [kg/h]

50

40

Nozzle No.#01_water
Nozzle No.#03_water
Nozzle No.#05_water

Nozzle No.#01_NH3ag.
Nozzle No.#03_NH3ag.

+10%

Nozzle No.#02_water
Nozzle No.#04_water
Nozzle No.#06_water
Nozzle No.#02_NH3ag.
Nozzle No.#05_NH3ag.

----- -10%

Tanasawa and Kobayashi

20 30 40
Measured mass flow rate [kg/h]

50

Fig. 3-28 Comparison between measured mass flow rate and the adjusted value calculated from

Eq.(3-39) (Tanasawa and Kobayashi)

50 --| @ Nozzle No#01_water B Nozzle No.#02_water L
A Nozzle No.#03_water ® Nozzle No.#04_water
& Nozzle No.#05_water & Nozzle No.#06_water |,
> Nozzle No.#01_NH3ag. O Nozzle No.#02_NH3aqg.
40 41 A Nozzle No.#03_NH3aq. O Nozzle No.#05_NH3ag.
----- +10% ----- -10%

Predicted mass flow rate [kg/h]

20 30 40
Measured mass flow rate [kg/h]

50

Fig. 3-29 Comparison between measured mass flow rate and the adjusted value calculated from
Eq.(3-40) (Giffen and Muraszew)
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3.5.3 iRk 7

FERDBERIAL ) A& ilo TR E L CEMAEHT 58, MREELEAD &ETDH L,
KUEDNR 2 AT 5 )1 & BNRIER T THi 0 AV, IRIECIVBERORNZENEE B E S T,
REEWNBIER T SND. T OB & \THINE L, FfANZ I~ & 55244 %53, Hagarty
and ShealZ & % &, IO AL EPRIZITIERIFREE (sinuous wave) & i#5ie (dilational wave)
D2 FHENRHY, TROOMERELARD L, LD NFHICRKEL 2D 2 ENLE
AT IZ L » THBRIIORENTWSEYD, squirel, U< ZEMITICE T, WA RE
ELRBEME, 20 L EOIFWOMERER LTS, Fraseretal.i%, Hagarty and
SheaX°Squire DA JE A F R S, WD HET VEZREL, RIBOFKREESR (KD H
&) L FIUT K > THER SN AR OWR 2177727123, Ik b &, Wit
FREIRICARZE & 720, EOWRBORERENERE 0D &, el b REICHRICD
END. ZORIXTITHAERY, WF~ENHT D, 22T, BIE» LR~
FRIZSquireDFRFRAY, WD &k ~D 1B ITReyleighd BEER A IV H T 59, Fig. 3-30
\Z, Dombrowski and Johns (1962)4377% L 7= Fraser et al. DI I845> Z4E 7 /L DA % 73329,

Z 2T, Squire OICHR L Fraseretal. D LR A 2B L CHER 2B L, L2481
THD.

Fig. 3-31 (2, WWIEE IR AET D IR OMER ZR7d. 2 2 Cy#hicxt L CTIERmIC
& HWREDEER T COENM n ZL T THZS.

77 = EXPE(KX = BL) oottt (3-42)
CITRIFEERTHY, REEWORE LRI VIRED. Ty HOBRERT Uy
L EUTFTHERS.

ZITHIFEANART X L ThHD. IHICP 2 REROBEERT X LT DL, IR
ERMOMO A mER Y =th' (W TREEE DN53) ([ZBWTLEUF O 2 A7z 30423
H5.

8_77+U8_77—_%

e, (3-44)
ot OX oy
L (3-45)
ot oy
¢ & GITONTITLITTREND.
. (P sinh ky .

=ia| ——-U |———— O 1 TN -
¢, |a(k LJjCOShkhexpl(x ft) (3-46)
¢, = —iagexp{— K(Y = h)}eXPi(KX = Bt) oo (3-47)

ZITaliEHTHD. §ldy>h'DfEEHEZERL, y<-hDO5ETy 2y LEZHRS.
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AT DWENES TOJENTIR DT SHMUDIE S L R T 6R 7P REVW. 2 Z TR I3FE

HTolREETHSD. LoT, IR==0nIoX*TbHsH5

2
N A N .
ot OX oy oy
CREEE Y =h THE SR, CRICE, ¢ BRATELE, UTFOREES.
2 2
pl(é—U] tanh kh'+p2[€j =0 K (3-49)
L TCZ RO
1 1
J2 )P ok yo A&
14| 2~ cothkh —1+? 1+ 2 coth kh
b\~ ad ad e 1(3750)
kU 1+ P coth ki
£

RNEEBNTFITRETL O H D FEIMNOEPADHEITHET D, REEERDLFMED I B
HELRLDODOEDE LT IpUh <1 W IRNRDHL. T—A L MIOWTE, A%
EMN B D & U THIEHRIL 72D LAUE LT2DT, REEEDEER T & RLERE DK
RETFAICHTTh=pe+ipLiEL &,

flz——iL—— ..................................................................................... (3-51)
U 14 P cothkn
P
1 1
2 2
y kh'(pvcothkh'j {1—3'2W(kh'cothkh'+kh"0'J}
b A P L (3-52)

U 1+&coth kh'

£
ZD2RD I L, WEDEEAEIZHONTIEB5)XZ B> ThIFIELV. 2 2 TREE
WOWRITRIFES LT k&E <, @ Kh' 12025 A FTHDHZ &h D, cothkh'=1/kh'
ET5E, BBRITLLFORICEILTE 5.

\/ k' {pV(We*-l)— kh’}
h'pg, We' | p,

VU VTR RO P TR U TR TR ORU P RRPTTRORPRIORN (3-53)
U 14 1 P

kh' p,

T TERR Y = — N HWe 1T, DA OWRIEE SOy EREEI L LT, TR

it
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wIND.

2™ 2l*
we™ =2 IL:: " _»r ';Gh ........................................................................... (3-54)
| |

RIERERL =0 DL T RITLET, FLEEROBENRE LD, ZOHE (3-63)Ai

L (Y :
P|< e ) (3-55)

REEW OFEWRII k=221 LY

_ P 2a

— 7, WRENR S D413, B-B3)RUTB WV TRIBR R DR ERDGETELT D L

d (hp
s |20 3-57
d(kh')( U j (357
T l,& <1ThHZLazBEL TER)ROHREEHT L L
P
NA _ \/ﬂ{p— (We" -1)- kh'} ............................................................... (3-58)
U We | p,

@57 kY, (3-68)Xatnd s
d (hﬂlj_ 1 \/&(We*_l)_kh,_ kh' 1

dkn )L U ) 2ywe k' \ 2, We' 24k
1 Yo, .
_ Py (We™ -1)—kh' =1=0
Pt
F»oT
1lp .
KN = 220 (W™ 1) oo (3-59)
5 p.( )

RETEBDOBILK 2P A~ D &, RIS RO R

1=t V\A/'? TR PEE NP RR (3-60)
Py -
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(3-59)= % (3-63) KUK AT D &
(h’ﬁlj 1p, 1 (we-1f

o e 3-61
U 2 p JWe We +1 (3-61)

—RENCWe >> 1 ThHZ L a2 EET D L, (3-60)2 & (3-61)i%

I:@ﬂzjz% ....................................................................................... (3-62)

We p U

h' 1 1 wWe” 1 -

( Aj ey - N (3-63)
U max 2pl v We We 2p|

& AT, Fig. 3-32 13/ AN BIEHT B 22 M#HEK OWREOTIRZ /R L2 b D720, Zihvk
0, W U N—E LT 5L, BEEFILY, WEOBEMEIT —ELebid, BT
DRAFRDAL Y NEO.

A=2arh =27a1,0, =CONSt ... (3-64)

7o, HARSMEIY, WEE S L, @O G R, EA (0¥4)) 0 ORIRIT

F = LSING o e e e (3-65)
ZITHEEES L iX, 2 AVNHBORBEHLILOEIS THL Z EICHEENLETHD.
(3-64)= & (3-65) K & v

A=2aLhsinG=27,h,SING=CONSt ...............ooooiiiiiiii (3-66)
“nky

LR =Ky = CONSE ..o (3-67)
INEHNTE66) A EXET &

A=27K SING ..o, (3-68)
BEREITIQ=p AV, = oAU C0SO 72 DT, FHMITKMEIZLL T D X 51272 5.

k, = Lh m = CONSE o (3-69)

zzﬂp¢JﬁnecosH

Z DkfEIE ) ANVOFEICET IEAM TH Y, KEOFE TR TE i ERHMCHE &
ERICEEOH HMETH Y, 7 AVNEEE &R L A 1 = X L ORFE L 27 2 EER
HThs.

Fraser et al. DFER X, WRIEIIIERIPRELRICARLZE L 72D, ZOWRIBORERP K ERD
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L A LR ERICEIRICE BN, T OB b IR & o T~ L BET B,
LD bOROTD, ZRITESL L, ORADEEN

*

TN =%h*

ko<

g L (3-70)
2r

RayleighDfifHr>> L 0, R D/YZIC L0 ARk SN2 I OB

Diarp = 2% (L:BIX Ky ) (3-71)

(3-7D) U (B-70) R ERAT D &

Dip = 1508V AN ..o (3-72)

LZAT, (3637 LV, h" =2h"2EZET 2L

ko<

B max =i*&«/w = U* L (3-73)
h™ p h™ p 20,

$70, REEWOENE L 2 ORE RO BRI

n =1n,exp(Bt)

kb

ye/ t*—ln(y—*j—E

= B e (34T4)
Yo

Z DEXARZER OVIHHRIE & i KIRIEOLL R Z TR LIZL DT, ¥iZ 12 L7252 &
PRBRINICE ST 53, (3-73) R & (3-74)R L v
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(3-66) & (3-76)50 L ¥

BB A ELERT 5 L

E_ ko £ [PV h”
h p, 20,

& o THRSEIEIE <13

) k2 2 U2 1/3
h:ﬂJT&_—j ................................................................................. (3-79)
2E° p o

S 612, (3-72)RUC(3-62)5k & (3-79) XA AT B &

1/2 PN 11
Ddrp :1'508[ 47[02] ( koz £ U j
va 2E pl o

INEEETDE

k 1/3 1/6 1/3
Do, =4.76 =2 | | £- e TSRS (3-80)
E oy pU

(3-80) %, HER Y = — "—&E FHWTEHRT D L, (354X L (3-79)X LY

k 1/2 1 1/4
I%ngj%i?J &NJ) e e e e (3-81)

(3-80) & (3-81): &V, KT A —Z DURME~DREEN 3735 . WAl 215 5 121%
KofEIZ/NE L, R Y = — "SI RE W ENEFE LL, Lo UNNLE - mMEEHE (K
JENZE) BEE LW EBNGnD.

(3-80)UTHWT, BELREmENZL, MBOWEPIRENTG 6D H DT, EEIZE
=12 TEThHD. LoT, WHEREIRET S ETCHHENRHDDIX, /7 AVEHEDK,
L, WBNEEU L 2D,

(3-18)7 & (3-69)F L v
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2
K, = — oo A e (3-82)
Usin@coséd '\ 2p,

F 7RI U 13(3-28): Uk v
_m
P (Ao - Aa)
mI
} 27p Tohy
ko TB-18)X kY

v, =Ucosf =

L L (3-83)
coséd h, \| 2p,
(3-83)2 % (3-82) U/ AT B &
r.h
Ko = 0 e e et e 3-84
® sing (3-84)

W O ERRIEE Sho e, MR « /RO 221M%R 3 X 1w B L < 1XGiffen and Muraszew D Z& 22X om
TET L, (-84

r2 r2
k, =—2 X )= (L= X oanr ) e, -
0 sinH( TK) ZsinH( GM) (3-85)

D OZEIREITIR BRI Co D BIE 2 D T, kofE b CoEDBIETH D Z &3 5.
(3-83): & (3-84): LA HWT(B-80) A E X EH T &

1 1/3 h2 1/3 1/6 cos O 1/3
Dyp =6.00 —— | |1y =2 | |21 (—j ................................. (3-86)
CgE ry AP Py tan @

(3-86)=\7%, Fraser et al. DHFRIE / ANAAREHEH S A N T A —F L LTRBLLIES
DTHY, AFRETIE, XFOCHECIEEE S ORIZIL, AR OMNE - /MO B 2 H
WTW5.
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based on
based on Squire’s theory . Rayleigh’s theory

Fig. 3-30 Fraser et al’s disintegration model for liquid film
(“Source: Dombrowski, N. and Johns, W.R. (1963)”)

Fig. 3-31 Sinuous wave model on liquid film surface (“Source: Squire, H.B. (1953)")
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Fig. 3-32 Geometry of a hollow conical liquid film injected from swirl nozzle
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3.5.4 RIHAEHE SEER & HES O IE

35.4.1 WEHEEDNETFIE

(3-80) I BGH A TH D72, EERTHEM T DERICIE, REZ RO Z LI3RT b,
7o, FEEROMFE T2 RBEOBIRMEIE L TWD T2, WIS TIEE— ORI T
2L, KRR > THEBOEFEZ BB LI NRREVEZEZLDbND. £ 2 TABIZET
1%, (3-80) A TARIRIH AR DM IEZAT 2 9 72018, WRIHE LR ORE 21T 72 -
Tz, EPRHEOFHUTIEZSOWT, M+ 5.

WEHOWIEFIEL, WL, BRIGE, EFED 3 FRICKH SN Y. =
Do 5, BRI GRS kO 2 FE LTl 2 e 2 RIES, Bk~ 7Ry 7 L
Z AT S TR IR & - TR ORI 2 15 D IR BNE, "EE 2R 2 mA LT, EER
2RO TN HHEER ENHD. ZABITIEFITHMPRGFHETHY, HH
BIEBEBTEZTHHEMT LI ENTEDLHONZ . EXIFIED, MUNEREEEL 72 $1IR
B2 @B EE S EESED Z 2 FIA LT, EMEREEZES 56 OmEHEE 2k
BN EMT DEMT Y v DIERL, W HFERAETZE T DERICARFEIC LD Ebh 58
BRI L BEM T 2 BBIER EN DD, LnL, ZThbDOHEITIEFICFMB110,
FETREICOHNHD. S OIHEBEMTORHIATE 220,

RRIEIZ DOV T

B JFIETH, IRIRIEIFBE D Z OMANRZ2IN TS, AERO X H 12, RRE
BT AR NF AN OZT DRI L » THERRHZ/ME L, Tha BEMsE TRy
L ChiRZFT 271 CTh 5. 44, AR TH ZoJEE ViU, BEICEHINC
D EFER, BRICGHNAEATRST-OER, WREBHEREHEL Z LT TERrole. L
LAMIT, WREEZFRAT DI, 2T DRI TOWRROSK, 8%, HERLICX
HEHREOR T AR5 2 L2 WE L TR ¥ znily, 2 1L0EO®RE, Wk
DEM, I, N, S 5ICHAIKN ORI 72 &2 HIERE RS TWD.

FERAE, Fig. 3-33 (ORT L 9 REMBEINS ¥ v ¥ — 2 H T oMEEHEEE 2 ER L C,
HAE B KRIEICOWTE L ORFE % FEili L THE 21772 > T 5, itk 213 Fig.
333U ART LI RIRE L TEY, ZTIEOEEE D EIX4mmX8mmXiES 1.5 mme
FEFIThI V. Ty vy F—2AE—RE, BH Y EAXAXEHWCHETT2#E S oo T 5.
FERMOWMEICL B E, U ardAzHNEE, WG OKiE) &% 1IEDIEOEER )
T, MELLOEVAERDPHERINT, EEHEITEREEZEROT-D, ZTIdiEsE LT
MIRVEFHTHDHE LTS, Eio, IR b BAMEE T O FF L EHGREY £ TOREH
Z 3 PMLUNE Lane, OB BOEELZZITHEWMEL TS, 61T, ZITIEDK
EAE I T DR E R OEI GRS 0.1 A5 &, MNEHRT 2MENEMIC EF L TL
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2L BREINTVD. Lanl, ThzimiEsE5700l2iE, B0 —HEE»% 71k
DRI E —B LRI RS Rnied, HARIIZZ T IkEomEiT/hs <72y, 1 [F\T
FHIITCTE UMD ME S 10 [MRRE L 250, ZOHETHMEREZRIET 5720

2000 AL EDOFHAMEE L 72 D72, RIBZRFM] & W] LR &2 92 Z &N h Y, i
RHENTAMFZEN T i Z LI Lz, —F T, FHEE AT IE, &%
IREHEE SR 2 VT & IR ORHMEE T RETH D LR~ TE Y, ZOnEFONZED
HEMEZHNTND.

Q] ™ol 1

a1 00

(a) Droplet sampling collector

ﬁ.'f/f/:r:f/f/ﬁ l"/#f/.d'p.'/ --"// ffWMI»‘W/ S
1 NN - 1
- _

//I/M’!/M/M #M’fﬁ’ﬂfﬁ I s

W

“* 0 ® ®

___________ L O | Pr——

(c) Droplet size measurement system

1 : Ultrasonic humidifier 11 : Weight
2 ! Nozzle 12 : Spring
3 ! Droplet sampling collector 13 : Mieroscope
4 Dutey casing 14 1 CCD eamera
8 0Outer ca ging aperture 15 : Flexible image Processor
6 : Shutter 16 : Desktop computer
7 : Bampling rod 17 : Printer
& : Btopper 18 : Graphic printer
8 : Shutter aperture 19 : Light souee
10 : Sampling tank 20: Video control unit

Fig. 3-33 Fujimatsu’s experimental apparatus
(“Source: Fujimatsu, T (2013)™)
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L—F—EHEIC DN T

B FUESLERBFIEIIIAIRO X 5 R ENDH 2 L, FILFEOFH B O HIN
WAIZ LY, BUEOWREHIT BT TIER BFIC R0 525 5%, Jem ik
%< O, EEOWFERE CIFRMEHN TR TH D 2 &, FIBFOFHUINFTRETH
HTENKREREEETH D, HFIHIET, FICEBGREIC L 0 IRHOTIR 2 HERIC &
H525b0E, L= —ZHNTELNET =X ZRRICEBT H5H DD 2 DIT0B &
5. WEREETIE, BELERL—F = — M RIC K 2BEERAT L Z LT, BEH,
Yal—VLUEHE, WRGEREORENAREE 725, MhkicB T 28 OFED 15
X, DHRORFIRE O 2 E R TR T LN TEDLLIITRD ZENETH
nNo. —J, ZInbKMEEZELICE, BFHRICESWEHEREDTHL. D)
HEICHOWTIE, L—V— 2B IR U235 A2 U DB ORI T BEL S 2 — i
SRR & 215D L—F—RIPHES, L—F WD 2 E— A AFHT LDk 105
DIHELE 2 T CHIE L, MAREDRIREZ RO D L—F— R 7T —ik (/K v
TTE) RERHD. RWETIE, L —EPNEEZ AT, J AANLES DK
W ORI A 2 FHEI L, (3-80) RO IEETTR > 72,

Fig. 3-34 |2 L —¥ —[mfriE 0 &K 2 R4, L—Y—[EETIE, L—F—HITERIC
EVHLREORIZR -7 AT E LTHIESICAF END. 20k, L—F—NiTE
H SN THETBICET . JEFEKICM S 22 WG TR To POl Eo— RIcgEtsnd
D, B BFET H%5E1E, V——KIEEITT 5. 2054, Fig. 3-34 ([Z81F 2 EFTED
JRDS O ITRIRRITKAF T D720, Lo ATHENT D &, dubifil ELSOES TR PRI
BIFENE S END. Z 2 TEERZ &1L, ZORWMROEOMEE L, BIEERCBT
DRLTALE KT T, RRORUEGT DR THD. £z, EEOWEFEITITME~ 7opifk
DN E ENTWD T2, EHRITRE N AZ — 2 b D, L—F—EETIE, #’
a2 CRARERT L Ao U, B S AIZEHTIRE 340 & 70 D K O Iohif AN — v %
WELTWD. LoT, fllx DR ZFIIL TWDHOTIEARL, FHHSEENICE T
WD IETRBEDORRN A 2 LT D, O ORISR PRE S U, £ 2057
RBRERDDHZEHTED.

particles detection
) = plate
laser R
beam expander Fourier transform lens

Fig. 3-34 Schematic diagram of laser diffraction method
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3.5.4.2 EB L HER A OMIE

AWFFETIX, Microtractt: (A AREWN TIEAIERA S O L—3 —[m3r H g Zh 2]
7E 41 Aerotrac LDSA-1500A% )% VN C, ¥ 7 — SR L MRS A2 R L, 21 %0
1Z(3-80) A HIE L=, FHANZ W3Rk, SEBRSM1E, Table 3-10 (27 &L 912,
W% L5 ) ZiTTable 3-8 10D 7 /LK 5+#01, #02, #03, #05 D 4 FRIHD A U — )L ) Z)LT,
S )13 0.2, 0.3, 0.4, 0.6, 0.8, 0.9 MPa® 6 55/ & L7-. SEBR¥EE O HFH 4 Fig. 3-35, IS
X%, Fig.3-36 (2757

P& —FHE (SMD)

W T OWINELGT, ST, (3-80) D il i 4, FH DY v 2 — ¥ (SMD; Sauter
Mean Diameter) ~#Hi1E9 5. ZZ T, SMD &1, KEEEHFEDOZ L THY, (3-87)D
& DN ORI B 2 E A MRS 2 &8 TH - THRIET 5, HEALM~F
VRO 1LFETHS.

> nDf
SMID = e
;D

TN O, DIREROBERTH D, UL, REBICHEE SN D BBERIGC L
O E RN D BRI OO N D ERETH Y, A THSMD % ZEHEIC L CHIIE
A1) 2 Lim. FOBRC, Fraseretal. DX TEE SN TV WER T CHIIEE A2 5
25T & &EZ -, Wang and Lefebvrel, / AN BMEH SN DIEY = v MO 444
%O, HIZZ2)5H) (aerodynamic) 72 NI Kb D E WS L0, Dl & BRI,
ELIESC, WENBRICNIET MO NPMER LIZRERTH D L\ HHF 2 2K, SMDHEE
KXAE LT ORI G 2 TN,

2
v |

0.25 0.25
SMD =4.52( o\ j (t, cos9)°® +0.39[ Sl J (t,cosO)°® ..o, (3-88)
AP, , AP

2 TCtolIME N ECTORBEE S TH 5. (3-88) BT 2 HIZHITF TEZ LN TS
2, FOIHLOE 1 HITIXVA S VAERNEENTEY, ZOvA 7 VAHUE, BIENE
O, HEEZHHSELNCHETHEEL LTH XL TWD. ZOHE, RIBEHH & iRk
JEENRKRELSRDIETHRL, BEENPREL LD EMDTE. LoTZZTIlE, /X
MEAERZRERS LT DL A 7 Az (3-80) U T, #MEREUR b T HREE
[EUF T L > THRE LT, ZOREE, (3-89 X 91z, Fraser et al. DELFRZIZIBWT
X, ZORENEES, HinE EMOETIEHHETHDL Z LN nhol.

v
‘
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SMD Ud 5.78x107*
=028%%1—£J 5 0,289 - et (3-89)

drp /ul

ZORAEMNT, SMD FEHINE & HERAE 4 bl U 7265 528 Fig. 3-37 Th 5. +10 %LAN THE
HTELEVWIFERERoT.

BIEE 5370 BIEK

WIZ, SMD % W TR S A2 B L7=. Z Z TiX, Rosin-Rammler (R-R)%) 4 BA%k
A L7z R-R A BB R ORIV STV 2 b O 7208, BIFE CIIhi /o Am i
BT IS HVLN TV D SHEkRTH 5. R-R OMBKITBEFHEE MK THY,
ROXTREINTND.

D s
F(D):lexp{(D J } .......................................................................... (3-90)

Z ZCDogslE, F(Doss2)=0.632 L7225 L 95T, BIFR-ROMBAKICKIT OME—DT 1 v
TAVTNRTA=ZThHDH., ZOBRREHRT L0120, 20 2 SOEzH#HET 0%
N D,

Zhaoetal. (X, Hix 7o AT — )L ) X)LV Tl & 7o REHE B9~ 5 SZER 21T 72 o 7o /b R, WS
JEAMREL RDIZONTERN/NEL D EVIBEBRB VOB IS Z 2R LT
5%, 22T, 22 TIREOMAICNZ, EHI2 ) AVOENLACEEL 525 L 2T,
AP L SMD % B%c E L CEEIRDNT 2B 272, RO X 5120 KA A 157,

L =1.184x AP O 0SMD 2 el (3-91)

ZZC, AP OHALIX*MPa” T, SMDOHAIum” THD Z EIZHERETDH. 51T, Do
ESMD EBIZIE, UTORRRH L Z ENmbTnD.

T IRAy~EETHD. (3-91) & (3-92) A (3-90) AT 5 &, R-R L%
WHIT D ENAREE 2D,

Z OFHETHER L 72Doesr & R-RH3 A BIEL D — i A Fig.3-38 & Fig. 3-39 |12/~ ZZITRL
e HIEIZE 5T, BLDoeatlTM4a+10 AN THER ATRE L 720, T ORER, DB L HER
X EFRAXE TR —E AR LTz

ZITHEE LEHIEIIAKADHRTH LN, 7 o= T KRR ZF L X 9 I KREH TS
LCRHAIT 2 Z L IXfER CARATRE TH ~ 72728, ZhLIE, ZZ o miiraeT, 7
V=T KRR OVEFHZ DWW T H[REERIZAR D 32D, ERE LT-.
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Table 3-10 Experimental parameters for measuring dropsize distribution

for water Nozzle No. #01, #02, #03, #05
Pressure difference, MPa 0.2,0.3,0.4,0.6,0.8,0.9

pressure
sensor

storage
cylinder

[T R R R R R AT AN
o k<]

spray
nozzle

laser diffraction spray analyzer

Fig. 3-36 Schematic diagram of the experimental apparatus for measuring dropsize distribution
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Fig. 3-37 Comparison of measured and predicted SMD
180 ; ; ! !
150 o MNP SO
120 - gg ~~~~~~~~~~~~ benendeanes e
Eowq *QQ ffffffffff @ fffffffff @ @]
2 1 ‘ @
S : O | ‘ &)
D 60 7777777777 Vo -\ 777777777777 L Lo 7- 7777777
®Nozzle No.#01 predicted A Nozzle No.#02_predicted
¢ Nozzle No.#03_predicted  mNozzle No.#05_predicted
30 A

ONozzle No.#01_measured

> Nozzle No.#03_measured
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Fig. 3-38 Comparison of measured and predicted Dg g3,
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Fig. 3-39 Comparison of measured and predicted cumulative volume fraction
(Nozzle No. #01, AP = 0.9 MPa)
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3.5.5 WIRISKiALET V% A= 7 XL DEE

ZOETNERNT, £F 7 ZEHERINER THWS 2 ZAv & LTl 2k fi & £ O fE
BuERBEbL o7, EHY AT AOEBEREMEIE, A7y Ialb—raillo TR
Table3-1 & L, / AVGeffidTable 3-11 (/"800 & L7-.

Fig. 3-40 |3ko = 6.0 x 10 m*DIHE L ko = 12.0 x 10 m* DA OMESHTE F & H i &0
RERLTND. kfEZE /ST A —& & UTEHR L7CRER, fitlh & o X7 2GRS (Table 3-1)
DEFHTOWKR R Z T D L, kog=60x10°m* &% 2 A% 2 OMN5H, ko =
120%x10°m* &7 B ) AL % 1 DHW DA, SRR A THR & 2 Wik & & ik
RTEDZ Enbnot.

7L, P4V 2 b—a VORERN DAL A EESMTIE, Kb REN
VB LR D HEFINIENZEZNNEL, RbIENEDORE L R HWEMHEBIEN D72 <
o TEY, JAVOFWEREEIZHOBEE Lo TWD. ZhuE, SVKIEE & BHIKE
FEDOFEFICL DB OPEEL WD, BFRIFMO 3 FHL TR Kb EW D, &
g7 D ORI DIE T b < 72 5. - HBGRE 2 2FE4&MET65°C LEEL T
WA, Effaan7e O NCHAGROENTBEFETH L L7220, Ko TERIEREEITESEN
b/ s, —J, WEKICIIKEKRKZAND ZEZHELTWDZD, TOADIR
EIXEZRICRLEL 0D, IWROBBHE X, HAKADRE CRE 720, KEOEW
HERTBGAEZRES LD ZENTERLRD. ZOD, WARINEE TR E RRER
ERDLZENTERL Y, ZOH0EERIREOINTIS ZLicb. LoT, mikod
E97%, 7 ANOREREE T ORI E 2D, TDd, FREMICIE 2.67 MPa 25 2.05
MPa ~, AZEDIZIE 2.84 MPa 705 1.45 MPa ~, & L CAZFQ (MY (21X 2.99 MPa 7>
5 1.25 MPa £ T, WiBVRINZRAT CIE AT/ > CEIET 2 MR H 5.

J RIVOEEICE L TE, AAX—2MEDTZDICHAMFERIRY 1 DD ) AV THELZ &
MEFE LW, ZIUC Ko CTHERESEHHES ML, WU L2 e % T REBE HE K
LT, WBRNERORENKREL DD THIUE, /MR AVEEEEERT 2558 E
WA LHDHLEEZLND. 1o T, k=60%x10°mPE 7% ) A% 2 SNV HA Lk =
120%x10°m* &7 B ) AL 1 DT WA OBRALIERE DS, BIEWRILER DY A X
IZEDSBWEEND LN EWIGENMBT DR L, EHD0 7 ANVERET &)
Wi 2 LERH 5.
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Table 3-11 Input conditions for nozzle specifications

Mass discharge rate [kg/h]

Diameter of nozzle outlet, mm 0.5

Spray angle, - 80

k , value, x10° m? 1.0~15.0
125

100 -

N
ol
|

intermediate  \ O\ |

50 |
25 -k AP ot
[¢B]
=
£
| | | =
i | | (%p)
0 T T T T
0 0.5 1 1.5 2 2.5

Pressure difference [MPa]

Fig. 3-40 Discharge characteristics of each spray nozzles
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3.5.6 / AU Qs D WL RE ) AT

2T, BRRO 2 FEO ) KX E BT EA OWIIPERE F RNT L, RIS
A RE RS o7, BKIICIE, R DU L7 RO 28U 7278 & I
ERRHTL, & OMETRILA S L 72D Dk~

BIEHITRIRIE, AV =) RN 5 R HEEIRICHEI L, Sh~ SIRBSD Rt B ik i
<A s. T U CHRHIUES (275 L~ 2 HEL, W5, BEIRKORIL,
ZOTRBABMTREI L. L oT, WM T, BSE & R mic o CE7 vk
Fitpotz. =0 5 LB O T T LTI, SO, Fig 3-41 1071 X 912, i’
A () HL D EB I D BIN T, BIROTMRE LT, WILPERERHT O
XERAE, TRO, MR b NIRRT R E v 7z

RIS
oT o eT oX o _ox
Co—=—| 41— , —=—| oD — | 3-93
e o ar( 8rj P 5 ar(p' arJ (3-93)
S -
o 106 0T X 10 X
ORI BN P PECLIR LA S S I P A 3-8
PI=e o rzar[ arj P o rzar(p' 6rj (3-6)

7z, BIRAM L EF ML L CORER FROEY Th .

(1) W& eREE L+ 5.

(2) RPN LIRS 5.

(3) KRS I ZEAFIBERIZH D &9 5.

(4) HRIEFS ZONEIE O HLTIEETEA T, MBI L BV E T 5.

(5) MIBARKWITIRRER T CHFEICAL D & T 5.

(6) MWEEAKWIC X DZITHRFEZE DAL EZBR L, K IZMSCHBEALITEET 5.

(7) WD OWEFRR & O FBMeZI T AR 5.

(8) IRIE D & i ~D Ay AT SN T, Fraser et al. DIEIEAREIRICHE S b0 &1 5.

(9) B DI T OWRIE - IREEAIE, /2 RERTORIETOWRSE « 54 OFEET
—HRIZRDbDETD.

(L0)FHFE IO\ T, WIEER Tl —E &+ 228, Wi 2% CTHE F L, KimEEICE
Hb0LT 5.

AN BITE T1E, G-9)RUT RTINS 95 WIZHFE L= L X L35,
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AfEMTCUE, (3-90)= F(D)78 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.99 & 72 2 ki1 & FH 3
) LT 10 FEEE O ORI =R 2 GHR L, E R ORI AR IZ6 LT 10 %9
EHDDHELT, ZOEETERAMITEZ L TREROWINEREZR L TN,

fEHT 251X Table 3-1 & Table 3-12 ([ZHE L, RIROWIEZ A LT\ 5. BVYRERIIH LS
OHE L, T oE=T ORI S O I L > TR LN AR Ls. WO
FUMREIZ OV TR, Clift et al. DFEE> DL B L7, A EFHT CHE L7-Table 3-12 125
+ ) RNFHHOL L#05 D 2 ) AR, Bl Dk = 6.0 x 10 m? & ko = 12.0 x 1078 mA 23TV Vil
D ANELUTHE L./ AVESHOL i3k =48 x 10 m?,  / X/L&E5#05 13k, = 11.8 x
10° M Th s, £z, FEHEMHTONTIE, RbLEND D EELM L AFQOLM TR %
Fhe L7,

Fig. 3-42 /X F(D) = 0.1 ~ 0.99 & 72 % 10 FIHO WK DRI & 7 XV A7 b OF T EERE
DOEREZ R LTS, REORICGEIL, ZAbD0RMETHEIBENS. Fig. 3-43 IX2ROWLIN
KA RLTWAD. Fig.3-42 LV, F(D)=0.1~03fEDOIEFIT/NEREHRETIE, £2To5%k
TR TE mm ~ 10 mm F2E CTHRINAE T L TWD Z EXbnbd. Fig.3-43 225 L, &
ROV 30 mm B ICET UL, WTRORMEICE N TS 90 %L EOWILA5E T LT
B, 40mm HAVE 95 %L EOWIENGHND EBEx HILD. Fig. 3-42 128\ T, F(D) =
0.9 ~ 0.99 & 72 DK DOWIENMEL TH, BEOWICEOMONTR TH L &, FEFITHMM
IR ORI L > THE I NR—=ZNTWNDZ LD D.

F 7, Fig. 3-44 IZFFH SR OB E ) AV OFEHADIE N2 RIR ORI THIE L7z b DT
D, IV, FEREOBENIIFEAERNT ERNDbD. AFLEME, VAT A
THERENDHBFERMREEZSDTDITHET D700, EREFME LMD LENENNESL
S TRHERNPKEL 250, BEOWNETHL L, ZOETFEAEBMNESTZ S, —
FKoEDETRIEREIC B DFEE R B L 52 T D . BEEFRMICBW T ANESH#0L1E
J RNFEGHOS & AT L% 20 mmEREE R S RINER 95 %ICiEL T\ D . AFQ@FKMETH
[FFRE D ZENHER SIS, KEDENIZ L DUREREA~DREIN, FHIEGOEWNIZL D EN
b REVWEEZOND., HEL, ZOETEBORIRHRFHIB W QT EE R 7E L1
FRT, Ebo0 ) AN EMWTY, RUBRINGEIZHEL THEENEZEZONDS.
O I TG ElE, NEE ) ANVEBEERITH I Y, K&/, A 1 ST O Hav/Vil
fEDOBENDITEZY THDLEEZDND.
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Fig. 3-41 Analytical model of liquid film

alf-thickness

Table 3-12 Relationship between cumulative volume fraction and droplet diameter used as input

condition

Nozzle no. #01 #01 #05 #05

Season summer winter 2 summer winter 2

Cumulative [Droplet Geometric |Droplet Geometric |Droplet Geometric [Droplet Geometric

volume diameter, mean diameter, mean diameter, mean diameter, mean

fraction pm diameter, |pm diameter, [pm diameter, |pm diameter,

nm pum nm um
0 0.00 — 0.00 — 0.00 — 0.00 —
0.1 5.74 2.87 7.66 3.83 7.60 3.80 10.27 5.13
0.2 9.41 7.35 12.03 9.60 12.23 9.64 15.85 12.76
0.3 12.82 10.99 15.96 13.86 16.48 14.20 20.80 18.16
0.4 16.25 14.43 19.81 17.78 20.69 18.46 25.61 23.08
0.5 19.87 17.97 23.80 21.71 25.11 22.80 30.56 27.97
0.6 23.88 21.78 28.15 25.88 29.98 27.44 35.92 33.13
0.7 28.59 26.13 33.17 30.56 35.65 32.69 42.07 38.87
0.8 34.62 31.46 39.50 36.20 42.86 39.09 49.77 45,75
0.9 43.84 38.96 48.99 43.99 53.80 48.02 61.23 55.20
0.99 69.24 55.10 74.34 60.35 83.52 67.03 91.47 74.84
SMD, pm 9.66 13.32 13.02 17.94
D632 uM 25.30 29.67 31.69 37.78
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Absorption ratio [%]

Absorption ratio [%]
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60 1|
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Fig. 3-42 Relationship between the absorption ratios of froplets with F(D)
equaling 0.1-0.99 and falling distances from nozzle outlet
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Fig. 3-45 Schematic diagram of the experimental apparatus of a NH3/H,0 type single-effect

adiabatic absorption heat pump
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Table 3-13 Experimental conditions

Experiment No. #01

Nozzle no. #01, #02, #03, #05 parameter

Solution temp. at generator outlet, °C 90.0 fixed

Solution temp. at absorber inlet, °C 15.0 fixed

Refrigerant vapor temp., °C 8.0 fixed

Mass flow rate, kg/h 15.0 fixed

Generator pressure, MPa 1.00 fixed

Pressure at absorber inlet, MPa controlled in order to fix parameter
mass flow rate

Absorber pressure, MPa 0.15 fixed

Falling distance, mm 5.0, 10,0, 15.0, parameter
20.0, 30.0, 40.0

Experiment No. #02

Nozzle no. #01 fixed

Solution temp. at generator outlet, °C 90.0 fixed

Solution temp. at absorber inlet, °C 15.0 fixed

Refrigerant vapor temp., °C 9.0 fixed

Mass flow rate, kg/h change in accordance  parameter
with pressure at
absorber inlet

Generator pressure, MPa 1.00 fixed

Pressure at absorber inlet, MPa 0.35,0.70, 1.00 parameter

Absorber pressure, MPa 0.15 fixed

Falling distance, mm 5.0, 10,0, 15.0, parameter
20.0, 30.0, 40.0

Experiment No. #03

Nozzle no. #01 fixed

Solution temp. at generator outlet, °C 90.0 fixed

Solution temp. at absorber inlet, °C 15.0,22.0 parameter

Refrigerant vapor temp., °C 9.0 fixed

Mass flow rate, kg/h 15.0 fixed

Generator pressure, MPa 1.00 fixed

Pressure at absorber inlet, MPa 1.00 fixed

Absorber pressure, MPa 0.15 fixed

Falling distance, mm 5.0, 10,0, 15.0, parameter
20.0, 30.0, 40.0
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Fig. 3-50 Comparison between measured absorption ratio and predicted value based on the theory

indicated in section 3.5.6
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Fig. 3-51 Comparison between measured absorption ratio and predicted value

with considering the turbulence effect (Pry= 0.9, Sc; = 0.9, ut = 2u)
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Fig. 3-52 Comparison between measured and predicted absorption ratios from the standpoint of the
relationship between falling distance and absorption ratio
(The effect of change in nozzle-type)
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Table 3-14 Predicted dropsize distribution, SMD, and Dg g3

in case of the condition listed in Fig. 3-52

Nozzle no. #01 #02 #03 #05
Cumulative |Droplet Geometric |Droplet Geometric |Droplet Geometric |Droplet Geometric
volume diameter, mean diameter, mean diameter, mean diameter, mean
fraction pm diameter, |pm diameter, |pm diameter, |pm diameter,
nm um um nm
0 0.00 — 0.00 — 0.00 — 0.00 —
0.1 8.76 4.38 11.67 5.83 13.39 6.69 19.07 9.54
0.2 13.54 10.89 17.56 14.31 19.92 16.33 27.39 22.86
0.3 17.79 15.52 22.68 19.95 25.55 22.56 34.34 30.67
0.4 21.92 19.75 27.58 25.01 30.90 28.10 40.84 37.45
0.5 26.18 23.96 32.57 29.97 36.33 33.51 47.31 43.95
0.6 30.79 28.39 37.92 35.15 42.12 39.12 54.13 50.60
0.7 36.09 33.34 44,01 40.85 48.68 45.28 61.74 57.81
0.8 42.73 39.27 51.55 47.63 56.77 52.57 71.02 66.22
0.9 52.62 47.42 62.67 56.84 68.64 62.42 84.41 77.43
0.99 78.74 64.37 91.44 75.70 99.11 82.48 117.92 99.77
SMD, um 15.30 20.43 23.41 32.96
D632, pm 32.40 39.77 44,12 56.46
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Fig. 3-53 Comparison between measured and predicted absorption ratios from the standpoint of the
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Table 3-15 Predicted dropsize distribution, SMD, and Dg g3

in case of the condition listed in Fig. 3-53

Nozzle no.  [#01 #01 #01
AP, MPa 0.85 MPa 0.55 MPa 0.20 MPa
Cumulative |[Droplet Geometric |Droplet Geometric |Droplet Geometric
volume diameter, mean diameter, mean diameter, mean
fraction pm diameter, [pm diameter, [pm diameter,
nm pm 1um
0 0.00 — 0.00 — 0.00 —
0.1 8.76 4.38 10.04 5.02 14.47 7.23
0.2 13.54 10.89 15.24 12.37 21.02 17.44
0.3 17.79 15.52 19.78 17.36 26.55 23.63
0.4 21.92 19.75 24.15 21.86 31.75 29.04
0.5 26.18 23.96 28.62 26.29 36.97 34.26
0.6 30.79 28.39 33.43 30.93 42.48 39.63
0.7 36.09 33.34 38.91 36.07 48.67 45.47
0.8 42.73 39.27 45.73 42.18 56.24 52.32
0.9 52.62 47.42 55.81 50.52 67.22 61.48
0.99 78.74 64.37 82.06 67.67 94.93 79.88
SMD, pm 15.30 17.58 25.13
Dggso pm | 32.40 35.09 44.37
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Fig. 3-54 Comparison between measured and predicted absorption ratios from the standpoint of the
relationship between falling distance and absorption ratio

(The effect of change in subcooling degree)

Table 3-16 Predicted dropsize distribution, SMD, and Dg g3

in case of the condition listed in Fig. 3-54

Nozzle no.  |#01 #01
AT, °C 76.0 °C 69.3 °C
Cumulative |Droplet Geometric |Droplet Geometric
volume diameter, mean diameter, mean
fraction pm diameter, |pm diameter,
pm nm
0 0.00 — 0.00 —
0.1 8.76 4.38 10.04 5.02
0.2 13.54 10.89 15.24 12.37
0.3 17.79 15.52 19.78 17.36
0.4 21.92 19.75 24.15 21.86
0.5 26.18 23.96 28.62 26.29
0.6 30.79 28.39 33.43 30.93
0.7 36.09 33.34 38.91 36.07
0.8 42.73 39.27 45.73 42.18
0.9 52.62 47.42 55.81 50.52
0.99 78.74 64.37 82.06 67.67
SMD, pm 15.30 17.58
D ¢.630, pm 32.40 35.09
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