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Advanced Effect of Vapor Absorption Performance into Fine LiBr Crystal Particle Slurry
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Professor Yasutaka Nagano

It is with deep respect and affection, coupled with
profound regret at his passing, that I write these few
words of appreciation of Yasu Nagano. We had been
collaborators in the effort to accurately model
turbulent shear flows for well over 30 years during
which he made many substantial contributions to
clarifying heat transport processes, especially in the
region close to a wall where molecular effects exert a
strong influence. His contribution, earlier this year, to
a special issue of the International Journal of Heat &
Fluid Flow to mark the 75™ anniversaries of our joint
friend Kemo Hanjali¢ and myself is especially
appreciated.

He, with Japanese colleagues Nobuhide Kasagi and
Hiroshi the

modelling scene with great impact in the 1980s and

Kawamura, burst onto turbulence
through their efforts played a major role in shaping the
way the subject has developed in the years that
followed. In 1999, in organizing an advanced summer
programme on turbulence modelling at the Isaac
Newton Institute in Cambridge, I invited Professor
Nagano to contribute the lectures on heat transport
which he subsequently reshaped into a major chapter
in the subsequent volume from the meeting. My other
strongest memory is from an outstandingly successful
meeting on Turbulence Heat & Mass Transfer that he
organized in Nagoya in 2000.

As a final impression, in putting forth his ideas,
Yasu was never forcefully assertive, always preferring
a gently persuasive approach — a strategy that won him

widespread respect and many friends.

Professor Brian Launder, FRS, FREng

Manchester University
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Yasutaka Nagano — Some Reflections, August 2015
Professor Yasutaka Nagano, a dear colleague and
friend, passed away prematurely on 6 June 2015 after
a long struggle with an illness. It will take time to
assimilate this loss and reflecting on Yasu while the
sadness and grief are still fresh and intense, cannot go
without deep emotion.

Yasu was a person with whom I shared years of
pleasant professional and personal memories. We
collaborated for over 20 years on various matters to
my great enjoyment and professional fulfilment.
Initially our contacts were related to research matters
of joint interest, but our main joint project was the
organization and running of a triennial conference
series on Turbulence, Heat and Mass Transfer initiated
in 1994 with the first event held in Lisbon. With an
ambition to expand its reach worldwide under the
auspices of the ICHMT (International Centre for Heat
and Mass Transfer) I was looking for a renown,
entrepreneurial and influential colleague in Asia who
would support our endeavours and incite scientists and
engineers in Japan and other Far East countries for this
event. Our closer relation began in late nineties, when
he kindly accepted my invitation to organize the 3th
conference (after Lisbon and Delft) in Japan. He
and the

outcome was a very successful and memorable

accepted my invitation enthusiastically,

meeting in Nagoya in 2000.

Since then, Yasu remained permanently on the
Organizing Committee and acted productively with a
sustaining endurance and initiatives as Co-Chairman
for all subsequent THMT events held in Antalya,
Dubrovnik, Rome and Palermo. The participation
from Far East, and especially from Japan, rose steadily
to the present day bringing a strong Asian flavour and
imprint to the THMT conference series, making it a
truly global and recognisable international event.

Despite his health ailment that he heroically

endured for quite some time, he has been until very
recently  still active, followed with interest the
progress in the organisation of our next (THMT’15)
conference to be held in September 2015 in Sarajevo.
Some time after his operation in September 2014 he
wrote to me optimistically that his wife Masae and he
had planned to attend the conference in Sarajevo, and
we were all very much looking forward to seeing them
again.

Yasu was a great person, excellent scientist,
professor, educator and leader, and a wonderful
colleague. His contribution to science in general has
been notable and will stay marked in the history of
fluid flow, turbulence, heat and mass transfer. He was
also a great promotor of Japanese science worldwide.
Working with Yasu over all these years was a real
he

responsible, constructive and supportive.

pleasure - was always very enthusiastic,
We all loved Yasu and will miss him very much, but

he will stay in our memories for ever.

Kemo Hanjalic
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7 2 (Mg(OH),) s & KEwZE N EET HE
BN D. P OBEREMILZ N E TORER

THRONELDOTHD. SROMEBIZICEVIL

H,O
200- 2 (9)

350°C

Mmg(oH), | | HC

=

1120°C
dehydration condensation

(@)

H,0O(9)

N

hydration evaporation 120°C

(b)

X2 MgO/H0 b E 2D Ep e
(a) HEHEAE, (b) BVHHEME

140-
250°C

&

MgOo
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X 3 BARSITom WY R USSR AT
EAHTHKBIL T X T ALy b
(41.9 x 5~10 mm)

WAL AN D 5. K 22) TRTERET— DY)
NIk b~ 7 2o U A2 T 5. il (220
~350°CHEEE) DARRENTHEL 2 BN UK SO %
w5 GEEHBICHY).

MEHIER b~ 7R > 7 A L 72 0 B A KZRSITK
R TERE SR E LT T 5. F DB SR
B\ (120°CRRED) A1, IRAVEERI TR TX 5.
BOGHBE & oK 2l 2 1Tl d 2 2 & TRElo#
KX —RENFREIC 2 D, X 2(b)Z/R T B T
E— N CIIKZREAREL (70~120C) 12 TXR1E
L, Kigfb~ 722U LAROG# G5, MgO
RSB FEAE L, 2] (140~250°CHEE) %
HBHZ ENTES.

(BB EAD ISR IHAR 0 K U SIZ ) B8
BEOTMHANEDR LI T H 5. MgO/H,0 AR RIZ DN
TRV IR UMAMED 6] B 5 2 3B 3E Ot
PITHOITWA[4]. A0 IR UMD R
EFERTHLHI AR LTS, —FIHTe T
Db~ 7220 MIME 95~9T%RETH 5.
0 R UBORT xR U TR 03 RSB D AR %
T L, 20 BIFEEE DM Y K LSS TR BTG
PN 13 BEETERTT 5. ZHUSk L TR
DRBHRL T b~ 7 % 2 7 A (MgO HLEE 99.9% LA
b, T T U TIVR) ESERRER L LT SOSA R
~N by b (Mg(OH), A1 > ) (X3) 23BH%
SINTWD. KXy MIFKHIO 7 [BIFEE TG
PES 1 BRI 508, D% 20 A 7 VLl E

{EEL 20154E 10 H

K4 fbFEB AT LHOT7 4 0 TF a—
7 RIBAZ s DB

T OIS AMEDHERF N ERE S I TN 5.

5. LZ2EBRMBOSHREL
MgO/H,0 2 HIRIZBERI O E R TH . Z D%
FALFEBICHAT 2 IIIM B OSR BB MLETH
5. & UTFEHIZIEBUEH B OB G B O[] L 73
HETHD. LUNITHE OB R 2T

5.1 EFEFEMHEOESREEEL

(LS 2T DB W TR R EE, B
NETFREE T ORGERAT DN EETH D, FEHIT
BOTIEK 4 2R LT 7 4 o RIBGS HASR & T
WT, 7o VIR ERROR A FRE LR D
FOSEREFRIRT 2 2 2122 5. Z OMERICHE LT
BB EL OB R LETH D,

EFEBE S 2T DR D FRHERE R NG DEL
REEOEER72MEZ K 51T K 5(@)ICHiE
KD Mg(OH), kXL v b (X 3) #H\W =
JERU S22 9. Z ORERLCIEMERRL - B R D
BVRERE MK, X OIREE & MBHIF I 8
k7=, EEEICB W BN KX, 4
TR BMREE NS D B MRV IS, H
NARENE ARG 72 0 OB RN Z < BT 7 « Vi
B, OWTIERISEREREZ K& < LTl s
R FTBYR L 2B ORE EE KRE DN
R 5 T2 D] 2 IXEVH TIRFIS, BB DR B
TEENEELTCHAIZHLEDL LT, [EWEET
BEMO M I 5557, B x X —0ErF|
ANBESND. Lo TERICTBO TSI
B 2EAOEHE - RN - i EBLO 79
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ICEBM B OBMEE O F, X DITIFEAIHE
T v DB % B D T M EHER A~ DR S T 1
WNEHETHD.

EARBWE L E MR & LT, b9 2 8VRE
EREALFICRERE RIS T 7 74 B
(Expanded graphite, EG) & Mg(OH), & #iEA L
AL E BRI (K 6(b) AR STV D
[5,6]. Z OBEAEEM L EHE Mg(OH), (2 bb~E)
REERE L, MEHEIRO@OWEIEEE G T 5.
X SO mEMREE 2T D% Lo EA LT
EEME A LI E LW RO RSO
R Z R T. MEHER O BRI E A U L FE L
MEHIEERNIC S LI RIRICEE TX, (EE
DEIPLZ K CTE 5. R E L TERR R L 2
AR IS BB S r — AL S - B &

Low thermal
conductivity

High contact-
Mg(OH), pellets thermal

/\ resistance

Heat exchanging plate
(€]

High thermal
Composite conductivity
material of EG Low contact-
and Mg(OH), thermal
resistance

rfll&‘lflf#lll&llllflfl

s s sl S
Heat exchanging plate

(b)

K 5 bFERNEOBRREE = '
b (a)i#H O Mg(OH), < L | & ARENH D EL
TR, (b) EG/Mg(OH), Ak & An
If] & DEZIHAFAAR

{EEL 20154E 10 H

WEEWE, BUWOMEREZ A L, oa N R
ISR TE D

5.2 EERMzEREMHORRE

X 5(b)DORERL 2 FEBLT 5 72D D EBVREEE A
MEIOBRRE ™M T CWD. RIS EG (X
6(a)) IXE 300 um FREED T T 7 7 A h O3B &
NEEELRRD, BREICH D U OEE I
BRAIZ 700CHRE CHESE 5 2 & ¢, BRICIA
WERZH L2 AMEEEZ A L TW5D. Mg(OH),
MEEAKEREG L—A MRICLE#%, EG & —
EOEBILTRAESED. F0%, WSEKS
ERETDH. 5O B A BERI R g 12 T
—EDEE, ROy M L. EE
Mg(OH), : EG = o : 1 OFfix OZEEBRE & VERL
L, #EZ EMat FEFRL7-. X 6(b)iZ EMS D %
7Ly MEROFEBM B (EET7mm x &S
3.5mm) OEEAZRT.

A B O AR IZ SOINTTRT AT TIRTH 5.
TERICEMEBIOEANEETH S, EHAMRE
HEHTHIRAFRLE LTHX 7Ly N TORERN
fTonTWa., Hon-¥7 Ly & 6(c)R
THREREAN A (B 48 mm x 5 S 48 mm) (12
FIE AL FE BRI T O TV 5[T).

EM4, EMS8, EM16 & Mg(OH), iA=L > Fd 4

(a) (b)

(c)
4 6 EG/Mg(OH, ok (iRt r 7
774 NOBFHMBETE, b)F 7L v b
IR (EM8) (EAR 7 mmxfE S 4mm) [7],
(c) EM8 FHE (B4R 48 mm X & & 48mm)
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FEARIC DWW TSR TN T, 71z
EG/Mg(OH, &4 7 L v |k & Mg(OH)2 Hfk~ L
> M OFHEBITBIT D RT OBYREE, Jped [W
m! K1, 2~ 9. BYREARE (QTM-500, HUARE )
Z I OIEE B AIRRINEE CRIE Lz, FREEIEA
B)— @7z 30 [EORIED B IEEE & LT
E&sR®7=. Mg(OH), <L v &, EMI16,EM8,EM4
7Ly FONEIZ dwa A L, EM4 TIZ
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RABEZHCT I E CTHRGSEOEMEET S 2 &
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5 Mg(OH), EM16  EM8 EM4
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7 EGMgOH), &% 7 L v K &
Mg(OH), Hifk~<L v hOFHBIZI T 5 R
T D OBMSERE (30 [BIOFEHE, =T —
N — X E S AR)

el R IZ BV TiX Mg(OH), IREED E =
NOBEBR B 2 FOSERC TR L, S ssa B 22 i
SAL7z. REBOAEICE LY —A—F—|Z
X0 BB B INEL L Mg(OH), ik Bt 1T >
7o, BAET D KRKIIKAE LS CERERE I S N7z,
FOGERN D KR SIE NI EZR D KIEE (Teond =
20°C) THEFRF =4, FEHBIET) Pena = 2.3 kPa TH
> 7.

B SR DI & d L 7= BVE ST CHIE L, &
DOIRE 2 ARFILE T [C1E L, BAEEIREE T4=400C
FTIE—EENTMEAL, BE#KILEERE —E
IREFRET L7z, RISEE AT RS EE R D
BEREAERE 0.1 g CHE L, EEE(ED B BKKIS
IZEBKROBEEEZHE L, FTEZBREOTY
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S 400F a. -0 O-04 0.0

g r U'D:{_“’

'_é 350 - ’ A 102 —
s 7
o 300 - / kel
- [ / 04 %
9] r ®
g 4 £
8 250 / Nz 9
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s f O Toaner X0 °
é r O~ Thigae ©P | ] 0.8 §
g 150 |- = Ty €xp

Q. F --A--X exp
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2 100 L ‘ ‘ ‘ -1.0
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Time [min]
(a)

£ 40f T a0l -0l 0-0 - 00

§ : r A

8 350 [ A s 02 —
= [ —
g [ / ><»
S s0b S
o [ 043
% [ 'I -g
g 250 Co 8
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.i 200 == T enter €XP E
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3 - middle 1. 2
S 150 [ T T P 08

[

g_ i --A--X exp
© 100t ‘ ! ‘ -1.0
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(b)

8 FHEEE (Mg(OH), ik Bk
W DG EIRE & ROSER L R RE L.
(a)Mg(OH), H{A~=1L > I, (b)EM8 # 7 L v
k. (Ta=400°C, Peona = 2.3 kPa, Teona = 20°C) .

FOSEA LR 2R L.

FedE M S it D BERAE (Mg(OH ) Btk Bs)
FBRAE R A 8 T, BRI IMIK SRR, 26
1 AR 3 SO & BE, Toan [°CTLH L, Teenter [°C,
o5 2 MEdh X SOSER LR, x [, 257, X 8(a),(b)Ik
ZIZ I Mg(OH), A~L > N EM8 # 7 L v |
FHEOR A RT. EM8 # 7 Ly MIKISED
SRR DGE LS 10 FRE CHKIEEICEL —E
L 705, Mg(OH), ~ L MIBLKEERZEIZ 20
DU EZEL TS, fERELTHT Ly MIK
JEDMEE S NUBOSEA LR OB TS, XLy b
(A A, FREE CEBRBIS R EAL TN D
ZEMNHDL. ZHUEIF T Ly~ REEOBRE
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(0]
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2 — T4 =400°C
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[J]

IO ey -
0 20 40 60 80

Time [min]

X 9 HZFEMEID Mg(OH), Bz B 7=
) DFEENE FEDRRRFZEAL (T =400°C, Peona =
2.3 kPa, Teona = 20°C) .

FED @ < BUSBADSRGEHIZ A Ly M2k S -7z
HTHD.

X 91245 ZEFS B D Mg(OH), AL E R Y720 D
BEVE FE ORI L A R, AREN I AR B AARER
Zoffe— LT RS, Mt K BOSEAM RN S
RO T O ERNIZ FEIE L 7= Mg(OH), HAZ E &Y
720 OALFHEEBIEE o
EMS, EM4 WEEREE N KL R EH L. oh
WIS ELOBYREE O FIc XY, B—%—7
B OEMPHRIHIZEM ¥ 7 Ly F D Mg(OH), R 1

Heat Transfer
Enhancer

Heat Transfer

Heat
release

Reactant

, \
o m—————— 'Is\ P ~
:' Y i Q Q ‘I
: H,0(g) % i 4»0 - :
1
] | MgO+H,0(g) I
N ifiv_ '\ smgoH), aH<0 ) S

Mass transfer Reaction Heat transfer

X 10 KEIGE AW TAERERIC BT Bl
B4 (MgO KFIFUGIC K D BB G 2 F12.)

{EEL 20154E 10 H

k] kg-Mg(OH), '1%&=~7.

-10 -

IS, R cyZ 7 vy MEENS ER L,
W BASOGAMIERE S =72 &2 D . Mg(OH), B
By MIEMEEE MK < g 2 ER~DER
ENEE T, EM ISR TEREE O EH2E)N
>7=. F£72, EMI16 TlX EG DAERHES B A
LEMREE DORED ES W/ E L, EtED
M XRS5, HR Mg(OH), XL > k& EMS
OO & 72572, EG DIREENZ\ EM4
WESERARE B 72 0 TITEBEE T EMS X Y/
SV BLES EMMEHIEMEEE OR Bz Xk -
THERM B L 0 SOSHETTEEMEE SN D 2 & D3
B E I, REBRSAETIE EM8 (1 DR A LA YR
BREDE B & OMEED G 2 R T X 5 &/
ETH D MW <= L e EM8 IzfiFE S
% EM M EHIR IS 272 5 2 & M BVRE
BOGHEE D @ <, SMBHEAR O BB 7 R
EHLTEY, ERHNRMLEER R B En
7. B0 10 12 MgO Rt FEB D EH 1 H#AE(X 2(b))
L LT RN OEBL G & T AL RS B
B Bk AL ROS D IEE FC RN T 5 1
MR THDH. BEHMIIIFEEREOE RN
RN & ASEHEE P ORE N B T H D AL FE BT
IXEBVEE L L Co BN eMERER b &[RRI R
TREBEN, B OB EE R e ERE M O 5 3R e
BB 2 S DEFITIIFISH B D B 7e 5 F K
g AT DR OEIEBLG O BE & i ks 2
HTHD.

6. F£&H

BN VX —HR A IFERE, BFmTE HIC
BETHL. PHEOEDFIAN A AREEO RV
F—HEHNICBWTH B EREN K E < HE
BWIZANTH L. (BRI EMZIMT TOR
BAFE DI, GERDOZE, BB IC
TRVRWEREIR S, BT e E AR D, HERL
FIZ TR T D A[REMEN B 5. (LFEE R
FEE O FE IR TIIM B & Bg gt & DA B
W7o ir = CRERRS A & 72 0, EFRRY 7R B
Harkng, ROGMEBED IR EIC X A EEOMERER B2
EETHD. TOROIULFEEBM B OREED
M E, MEHREE DS EE AR EFETH D,
€777 74 k& Mg(OH), #8845 Li-E WM&
WEAZAT 5 EM B3N EIRREFcHh L. VAT
L OMEREM) 121X EM 8 X OV EM FHEE Ok B
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Development of Transcalent Sorbent for Water-Vapor Sorption Refrigeration

BH SR (SRR
Mikio KUMITA (Kanazawa University)
e-mail: kumita@se.kanazawa-u.ac.jp

1. [FC®HIC

MR W TF =227 D0, B R LF—
X — DR 12 FEOPRERETAEIC LD
&, TIGEEN O OH APEEEIX 102 7 TIAR,
K[ ETIEAKYEEREIX 9.3 5 TIAET, 60~100°C
DIRKBEE L 100~200°C D A B A HbE 7=
IR O PEBVE X 76 7 TI/AIZ ES. T i
IREEEAZ N 2 T2 8 BEBVE: 114 0 TIAED 3 45D 2
WY T 5. Fz, ZZEREWIIEETO TR 24 4
TRE A E2NC KA, FIH AT HE 7 PE BB G
& LT 80°CLL EDEARBER L 120~175C DA A
HEADOAFHIEIL, Rk 10 4EBE T 2.6 7 TIAE, F
22 HEET 25 B TIAEE > TWnD., 2D XD
(2, HEBADIRE LU EREEIRE 123 < 2o
T, TORMUTEEL S 72258, WIS S %
FIFAT 2 — FR 7« muliis, HiErRiRE
DOHEENE [RIFH CT X LS CTH 5.
ARETIX, EE OB AE XD HEE O/ MY S PERE
{b& B4 L THY A TV D T O (G BVR R
BB BHZ ST T 5.

2. WESAER

2.1 EXRERELEERE

AR EE (BEE— NRVY) 1%, Bl
72 W EE L AR AR OMAE ' Z R &
LCHY, MK E BRSO RSB S
WAHRES D I D 7838 & BEffi 12 K o TR BT )
AT D ABRENVR OBVEHI IR ChH Y, IR E
KL TWAERKEMRA e — F AR AR LT, IR

FOTFIMNEe— MR ITHEIND[3]. 2B,

A FEICIE, I & BOSHIR O Rl b s % F)
HT 2102, i & W O WA - R e
ZRIHT WD BT 5.

X 11z, WaEm SO AR E ~RT. WA
RAHHEDORER L, TV A 7 AEEIC L > TE
POLGERD Y, EERREM N FE IR A

B8V 2015410 A
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(w1 )| mmmz )
Ak > € B
< - >
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AR ﬁﬁg mm* *
KR
A \
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X1 W s D AR K

Z 3 bl b, ZRFEGOEEN G 2 HEIN N2 b Db
DN, ARENRT WA BRI TR b B 7R BB
W& mm A7
adsorption refrigeration cycle) (2 &> CTEEIT 5.
Z DG OWEREY A 7 VR (7] — R —
W wAR) & 2 12T P ORI B
EHEORMARER 2, — SEHBRIIME HWAE O
IR T DA SRR (—EORERE S
R DE—RERR) 22N ZhRLTWD.
2000 W e o R OB N & W RS0 TR i =
M FRIE SN OWAE SR (A& BALHLE) &,
AI B L O R DL SN D . BRI S
1T, WA E — AR T OWRIE (HO/LiBr 5% D
LiBr /K&, NHs/ HoO 52 DK) D &5 (ZHEN %
TEERIEN S 2 2 &L RN 72D, EEITRAE
PRI T2 FEEE & U CEPARSRNICEE LT
T5. LEDoT, WAEGERY A 70X, WK

( Two-beds, single-stage

J. HTSJ, Vol. 54, No. 229



FREE © ROSOMERS B 2 11 O BRI O S 58

— PAMELER
--------- W% 2
?A (>3s) f?B
QBHd \'l. 'l.
a Pt:nd 2 l ¢ 1 ’©
=
R
H
@D
Pev ’ 1@
Qu oy /
Tev TcndTad Treg
B OE T
X2 HLEWE MY A 7 Vi

RDWAEMIZ AT WA TR L, WAsfafniciE
U 7o G R 0> & I % Bl = 2 As FR AR TR &
RHNZREO IR Ny FEAEE 2 5. 70k, ERME
BWERE LTI, KATVYDTFNVR, KAGK
BAIA MR, TUE=T AEERSR, KKV
a— )V IEMERREN T b, ERHEICE, R
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NWREK/EREATA FRPBEA SN TND[4,
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78— L CIRERE) NS RRITE)
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JETI® Paa 22D Py ICBE TN 5. — 5 T,
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IZEFDIRNER 45 BB L CREMIZNET 5.
ZHUDNEIE Tay, JET) Py (IZH 1T 2 W5 PARIRRED
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QAlZHERT D, LT, ZDEqa- g NALFET
OB &, TRbHLMmBVERE Qo lZXIG L,
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i OBAZHEAR DB EI S, DR R ER &
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DL EOWEE TRE & BLAE A TR, HEWSE N
BYA 7V TlE2 DOWEE TRAICH Y IKEN,
AT XD BRI O TR B BRI A A
INb. 7ok, WA TREEBMAERA TREOMIC,
B O TR (FH) TREANDLISEANDS.
AT, B AR TR TR E SRS AE R T
HE (QRJE Tep) ZEIIL, Wag TREMET L
H )~ ORFER (RE T OTFEWHIAT ST
BThY, ZoEEZINZD Z L TS B
DRAREARE COP M L SHD Z LN TED.
2.2 REBXBBOLEREE

W5 A HERIE,  (DIRIEPEESC K BE BV 0 A F]
FABEBRENEFIZ WD Z ENTE B, QK7L
DOERBEAR DOV IRWARBI A HTE 5, 3)E
BEE SR E O LN X AR LNV, B
WEfE O e « {2 1E 23 ATHE, (HIEENE R O LN
FEAERL, EEBKOEMTA T AN
Ko, GVHEENDMHD TO7L, BRECRE L
DI, TR EOEBNTREEAR LTV 56].

ZDO—F5T, WERMEEIZL, TINEASE DM

Db — MR AR TEERENIRE L (HE
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H 2O/ EERIERLETHY, Zhic l
R EM O MR KR AR RO & & %) z, /%
ISR D 6 FILL % 50 2 W A5 B g o> /N
b, T72bb, HMNOREYEE N RO TEE L 7
5.
BORBEKTHLEET VI =7 LT T
TR, — IR G B s DR T ¢
MEE LTRIH SN AHEENRZ . EZTEED
W, B 2MICRT LI, TV =T AR E

BHE L COKERKBAEREE M55 2 LnTEhid,

FEIRENRER & N B MR — & )& T 2 s

B8V 2015410 A

-14 -

BAOMHREAMREK T 52 E N REICR D EE
z, ®@BRE—T VI =y LEEIGEM O BRI
RO T,

T =0 NTERFE & OB IEE TR,
ZERFPTHLRGICRIL LT, ZORMEIZ 1 nm 2
EDOM D CHWE LT VI =0 L8 (HRIEIL R
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Z DREIERNERIC K & ORISHECE Lo B 2 G
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BRI <C Y = VR TUX, 100 um FRJE O Rl R %
52 EnTE A1), ZORFEE LMD
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2. WERT VAU MERVRAT LA
2.1 EEXER
ko X iz, WEXT o H o MERT AT L
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HEFFT D Z L HREE 2 5.

3.4 MEIKIR

PLED X 9NN T R 2 R O B WL ZR A W A5
WMERWEET VA NERHS AT JTONT,
FxlZ N ETIT 1) BRIEHEZ BT 2 KA
DRFEWERB IR O FIRSEIE T TORE [3],
RBHW 2) TRAT—VORIEREIR L DZER
WHENC X D BRIEERE D 1A LD FEFE[4] 21T - T&
7o, Z095h, WAA—VLIRE, ZE5AHNIC K DR
T EREIA IR 5 FEREEBROERZ BN T 5.
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Z DB AN Hagn W 35 4 2 AL ARIA A T2 FEBR
WEE A 9ITRT. ARLEE T B U2 EA AL
BGOSR, THIZEART 5 2 DDOZEKIRE,
WEREEE, =7 e —%—, TuU—7rEnbiE
S D . BRI EIIW A M & B A LT
(Primary flow channel : W58 F2 CIIALBRZE4
PA %, FABRRIINEZER : HA ZitiE) & W&
Mz &Am L T2 Wi B (Secondary flow
channel : WAERFIZMAIZER : CA ZitiE) 7 HAK
STUW5.

X 10 1%, WMHZERZRESERWEGE LR
Uca=4.0 m/s Tl S B2 N O WEFEREZIT- -
BROMPEZE RO H AR KO U U 7L DKE
KWAER g/ge DRFEILZ R LTS D THD. K
BlE Y, WAERICHAIELRZMBIED Z LI X
D, ALBRZESH DR ORI W B35 &k
BATAEHE S RIFICE R L TWD. 7o & 2135
BREAAA 8 min 14 Tl Uca= 4.0 m/s D J7 A3 Uca=0 m/s
DGEITHR 22 fEOWEREZZER L TEY, K
KK A MERE DR BT 35 22 m EH O Bk
FRES 7.
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= 70 08 T
s o
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WIZ, KFREWL G DIEHERD R DO m A2 R i E I
KT HERFEEZA ST 5720, K 11 iIcm#EZe
K uca & B BRI B 2~8 min F2 DA R &
DOEBZRT. ALY, WTFhOWRERRE T
M HNZEZIEH DRI EOAE LD [ L LTV 5.
L2y, WEIZEKFERIC 2 WA ROEEINE &
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U 7V 8 A L OOV WS R EAIR (HEX)
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IRZER WA L & K DZEFEIEEND B 3R D 7o W 75
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Eom L BOTHSREIKDIRE A A RS Z LTk,
KRR AN D RO BEHSILPLZE S H MR
I RIE TR A 502 LTV A, RRICEBWT,
W 25 BA D FE ENE Bl & AL ZS S DR D 25 O RE I
Elezalbti+5 &, HTOTHIEROLND HD
O H FEEE ZE DR & W 75 B0 AR L B A 1)
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-23 -

WL TR Y, 20O/ OREZE b I rE e
LTV, ZOfEEND, REREEIZHBWTX
W S B DFEAE S H 0 22 DIRE AT R & 7R i
ZHZTRY, HEZEKOTEIC XY BREDMELE
ENDHLOD, WAHFBRITLEY BEGEE IR LT
BREVGEE N+ TRWZ EIRIBEI N, 2D
ED, WEMERED & 572 5 1M FICITR AR O
AREDRRRIRTHDL Z ERHLNZR -T2,

4. BhYIZ

AfE T, Bz L ¥—, FZ 80°CLL F DK
B L 0 ERIE A2 aTRE L T AWMEXT Vv b
ZER AT DITHONWT, TOMEFRANS, HBIE
Tz DR A D T D ELAS TR AT 2R 25 2%
ERWEHFRY AT LORIEtTo7-. T h v
RNZE T AT DZHOWTIE, %, RENEIH
e A ED TV EM bbb e SN Tnd b
DD, KEFRTHBEANIITE > TVRY. T
T3 NZEF T AT IR O 3R] A HA 1 S
TEICHEBE LR O == XN R D7, W1
R =N EE L. T DD, T2 Are N
BB IC L BV RV X —8hR, a2 %7 |,
KaA N AT LERBLTNCZEEDLEA
ATHIN, Th=—XeD~ o F Lo T HX->T
WS ZELEETHD.

AR DM Y, KA e =L X —FIHIZHB N T
M2 (FEERZREZEI bOLEZLND. &
FIERT LY —OBMEIZ L RO
WTF I MERHY AT AR STV 2k
EHRT 5.

SE XAk
[1] RFPFEXEEAER = RV —IT, Fpk 26 -~
FNF =TT DFERFE (mrxrF—aFE
2015) (2015).
Rl ¥4 x> LEHKASH A —L =V,
http://www.daikinaircon.com/catalog/desika/
[3] SEHF, YBILAKA K, EHEEZ, o m{m,
HA MR 2230725 U8, 29 (2) (2012)
271-278.
FEHEYEZE, SRHEAT, RECR, B ARBEHZE
T SCEE, 30 (3) (2013) 213-220.
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High Temperature Generation System by Absorption Heat Pump Recovering Exhaust Heat

B il (I ERKF)
Yoshinori ITAYA (Gifu University)
e-mail: yitaya@gifu-u.ac.jp

1. [XFC&®HIC

K7 =1V — & g A PEHER A X 5
ET, RFATH- KL~z F oL X —[al A
REREIRS>TND., WINA e — MR, B
BREAFRI Dk & LTI TICE < O FEAERK S
n, FEHSE LTHIRICE-S TS, Z0XH7%
WA e — h AR 7 %2 TE LT RIEHEETH R
R ELBEENT D X DT, & 5725 mMEREHIN % BY
452 L%, EHICE T 3L X—2 R A
SEDDICLEERETHS.

EFH O, BV F UL KR (LiB/H0) %
Nt — FAR 7 (AHP) ZHIH LT, 80 CHEE
DOIRPEE NS 120 CUL EOFERZEREB LV
100 CLULDOERAER Y AT JMIET X F
A — ikl & £ LT\ 5. £z, AHP D&
MibE BB L C, WIHRIZEA T A L oss
Bk & 3 L= AT U — 2 WRIGRICFI AT 5
FREBF L TE 2. ZONRERT, WERIK
B HORIIE A Z V) —73% LiBr AR L o
FAFIRAEIC 72 5 &, LiBr s dd 2 7 U — 23 B Ak
ENDHZEEFRRALE. Z0L5KAT5 Y —I13k
Fit 2 TR 5 726, AHP OPERENR B0 B
Fl& LTOIERNRAEND. AFETIL, AHPIZ
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{bZFIH U7 VEREREMICBE 35 Z4ivE TORCED
—UR AR T 5.
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LT, 150 CLLEDOEIRARE AR T H AT
LBRFE A I L, @IRAKERICRIILTWD.
AR AT AL, BATA4 ML 2WEA e — hR
YTEFHLT, BF T A MEIZ 80 ColK%E
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SRS O EHRHTR L Ok E o B B2
Hil LT, miEAREREB L O ERIFAELZE X
XATHZEMTE D, 2D OREOFEMIL, X
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THZEICLY, WMIEROFABER L Ok
AR 5. 7RI CTHIE LT AKRZEKUTR
N RN CIRAERIR ISR I S, B L 7B s

J. HTSJ, Vol. 54, No. 229



FREE © BOSSOMER B 211 5 BRI HIB S O STk 7t

Py

BVE AL CER B L, BUREZERTS.

WLV 28 DAREVE 1 1T 22 KNV D AR BMIEE 2 X D 7=
WIZ, ANA TOVEIE # REESZE ICRE LT, 8
BN RIS 2 BRI T &, B St
MENDKEKEENTLTHRINT S, Z0XH7%
WR IR % A E ORI A2 X 2 O TSR, 2R
XL EE Y 2 im T 5 MICIE S du, WIER P
TR BEHEMAT oSS Lz, WIgHno
TR F 72 @SR e 2 HERF L TV D 7200,
IR 2 TARRKE L TCOEIREZIT- 7214, HE
w CHAERMEMTbN D, AR THRIE LIKE
KU HIK THEI L oo %Effigs CHEME S, 78%
eI D.

Temperature [°C]

[am] |[mez] [Ezs2] EETd [ames]
Jq —’Q‘ﬂ e ﬁ AEIK
f ) S mmna £ 1
o -
UK
"
I3
K
s
[(mingoL]
EZTIErTY =
R
&
Iy "
P

X2 R FAAr—)L AHP RBRERE 71—

2.3 RUFR7—)L AHP EREEHE#ER

A AHP REREEIC LV E SR —F %
X 3 (2R [4]. 2 ZClE, BURTH DIEKIEE
80°C, Jifk 9.9 kg/s, hEMEanBHIKIEE 15C,
& 7.2 kg/s & LTz & & OEHOWREE R X OZERI
BARLTWD. WIUKITAKRL[ILIS X 0 WL
RO T 130CLL EomERICE L, EXITWINER
NTSOCHH 125CE T I N TWS. F77,
WL ER HE 01 D @i O WSR2~ B EAEI S % 72 912,
RFER2 T80 COANLRTERSEZEZA

{EEL 20154E 10 H

-25-

100 “COFEZMN 0.0047 kg/s 15 H iz, RN E
Z 0.0025 kg/s (K- 7235A12IE 110 COZEKD
Rk Lz,

Mass flow rate of steam: 0.0047 kg/s

——

L

=
|

Inlet temp. of absorbent in Evaporator 2

1:.00 2:00

Time [h]

— Bottom temp. of absorbent

Outlet temp. of absorbent in Evaporator 2 Inlet temp. of air

Outlet temp. of air — Generated steam temp.

~———Hot water temp. in Evaporator 2

43 AHPRERIC L DR & BYRA R B ORI AL

—— Mass flowrate of air

ARAKRE  sumaE BLREE SN S°
5 m Y
Sx10 SSsasaaNsasr: 50%
JERENEN 60%

1x10° ; 2
5 X 70%  WRIREE  ARFEH
m]ﬁi 1x10*
5 HHE S
2 1x10°

a8t @
e i : BER  RHE
20 0 120 40 60 80 100120140160 180
waagx W [C)

X 4 LiBr//KRESFIFRX & AHP V1 7 /b

ZDXK D IRIRENRE — 1, X 4 O LiBr/i/K RS
X Ec@O-@—-@—@—DO? AHP H1 7 /L
BENSEECTE 5. £77, WINEH O TOWRIY
RITEFEEVEELZALTEBY, ILICHkE LT
O—>0—0—-D—-ODY¥A 7 VvEFATIUE, &
& 10 CLL T DBED R AERL S AT I 2 KRR
THZLENRRRELE D, 272, AKTOYA 7
NI ERR D HEIKIREZ 25 CELTEY,
S ER BT S A K S Z O E DR E T,
130 C& 10 ChOE— 7 v 7 LB A PR
FIZIEARECH D Z EE R LTV D,

ARBRAER D, BRI PERZ T & L TR
K, BAK, WEKEOEIGERR S TE ) _R—AT
DRI L ORKAERKD COP #RAE L& 25,
ARZIRE 100 COHAITIL 25 [TETHEVE—
MR THERENE DL,

-
—

J. HTSJ, Vol. 54, No. 229

Mass flow rate of steam: 0.0025 kg/s
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WL Z K 7R &2 WU L C LiBr 25 2365k 2 (12K
T4 5FE T, WAE L T\ LiBr g+ 5 Z &
IZ& D LiBrigERTAEMmIND [8].
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EEORFMBRNE LT 7ICETIENTE S, &
X EOFE L, AKX AHP v AT AKALE TONR
REICxH T 5. BA T A Mkl 7 2 IR/
SHTHELLZET, FABRCEREEE CEML
7-HETYH, BEMET LU CARFEEICELRZ .
IS G A T ) — b L T A R T & 572
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RISARI T 5. TR L CRESAR
Wi 8% LT 5. R IX Run No. E, F &R0
T, 5200um OV A XA LTnBb, B4 T4
Ny BE TS LWESEICIE, LiBr ASfniRE £
TR LN K E S R DI AT 4 7 UK
L BN EZTOND. —F, AR
ZIFFER-ICLTEATA MoHEEZKTSED
L, AT T URNBEERL, E TIE, fEdbki 1R
TOfETHRE 22, BIERREE VO FERITA
S, Rl EIZE—EE LT, fMRRESES
T A NEE & AREREH T S G, kL
ESAITIRIERERD AT & 72D, WTFRD AT ¢
TUBRBRTI0um LD LinD, AT 4T R

IR E OBMRTIRETE 2 b D EEZBND.

72720, F O X9 ITHEMmILD 1.5 kg-crystal/kg-
zeolite FREEF TRELeD L, il IX 7 0 RIEE
500 um E TOMERWAAZ LTS, iU, £
fa AT U —OEEORENR B, S 5ICHEN
AR T 5 & ED X D ZREEIHN K S ibd
H2H0DEEZLND. ZOX D IRIREEDRIR & FE
O — MR THERT 22 EIE N T T RE
DOFREMENENEE 2 B, fEdhbeix 1 FRELLT

TOBERMELEZOND.
F1 GRS SR RS
Run | Conc.of LiBr |Conc. of zelite Ratio of
No. crystal [%] [%] crystal
(100xkg-crystal |(100xkg-zeolite | (kg-crystal/
/kg-solution) /kg-solution) kg-zeolite)
A 1.32 3.00 0.44
B 2.33 3.00 0.775
C 3.02 3.00 1.01
D 2.29 2.04 1.12
E 2.24 1.01 2.22
F 3.02 2.04 1.48
G 4.83 5.04 0.958
H 1.09 1.01 1.07
3.2.2 FhE

RIS A 7 Y — O 2532 BT, kS
FEITEERMMEE /2D, K9, BEEEEEFHC
X0 FHA U7 REE 2783 [10]. SRS A 7 U —
X LiBr 2% 63.4 %, ¥4 7 A NyEURE 5.56 %
s L, JEEE 20, 35 50 °C E&BfbsE(ZLT
ATV —HOMERBEEEZDZ EICKVARILT
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TR FE 703 i < A& B AMFEAE L 72 WO 323 K TO
AT A MBS ORE, ZOfmo 7 vy ME
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ERRIE 293 K OMACKEEE O SCHERE [11] 2K

BARITRARRE LT C ORI LR AR —T b,

AT A MR- O8I X0 KD 50%m < 72
L. Flm, BOHIRE A TV — TR SRR E o8N
CAEVEEEE S N3 2B AR b s 3, ARG
MEH CHROMEENE 72D 293 K, 0.024
kg-LiBr/kg-solution ® A Z U — T & W IR FAH D
QIERETH Y, + i@t a9 5 2 L3
HinklpoTs.
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MRS A 7 U — &I — NAR IR
L7e3a OMERem R, J78b bKZEKIWINE
A BRSO\ CEGRMNTIC X D MRET &2 T o7, R
FEATE 7 L ClX, BARHas DIREVE 28T, W
LR SR NECIR C ) BBEIR AN 2 il 32 & L7z,
AIRHT COERIGEIZLL T D@D THDH. 1) WY
TR B Mg BRI 22 1) & — Rk 7 )5 S ORI Gt
T, 2) W S 5 OFeiE, K O 5341 1%
—kk, 3) MRIEZR I OA KL ILIRIE DR EE & HE I
9B WIRHR OFFIZRRIT, 4) 288 L OV
NAREITENE N ORI DKo fafn
REE, 5) WHEITMBD 7= OBBEAR T, T
IRIBE DS T J5 ANk L C B3 T, 6) ot
pa AT U —ZWIKR T 256, KEKWIPUZAE
VN LiBr Al fb 2SR 5 72 0 WIS 5 B L X A i
FEC—E, 7) BEE~OREE, IR & Zuik
DPEINTT A OBENTIEL N, LU EOREIZHEDS X,
MEB IR XX =T TOEY 526
nos.

% — d (WCLiBr)

LiBr 32 :  —w, ey
dA dA
d{w(1-C,
KL —ii—iﬁﬁzm @)
dA
TRNLF I
d(hw+c,W,.T +¢,,W,4,,T) P 5

dA
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Z Z T, W, [kg-adsorbent/s] 1LV TH OWAEFIE
BT, ¢ [kg-LiBr/kg-adsorbent] I LiBrifi bkt

A [m?] IZf=E\EFE, w [ke-solution/s] T3 UV &7 &,
Cuisr [kg-LiBr/kg-solution] (%W o > LiBr Ji2 2,
m [kg-water/(m*s)] (ZKRXKIGHE, hs [J/ke-
solution] [ZWUNIE= > # )V E'—, Cpa & Crinr [J/(kg-
K)] ZEnenaEAl L LiBr O, T K] 3R
FE, Oeona [W/m?] (ZHHZALIZFE S BT Z L E
—, Qw [W/m?] [ ZEMEAR & DRI ] O BB s
Thd. Bz LORQRIGHE L, £hZh
WA TH 7.

g, =h,(T-T,) 4)

)

ZZC, hy [W(m?>K)] I3IERMEERE, T [K]
VAU R, To [K] 1 XEEAIREE , K [kg/(m2-s:
Pa)] (ZJE ) IS < WERBEREL, Pevap [Pa] 1X
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(24 FE A, 165% CTUniversity of EdinburghiZ A%, 3
F1% 121X Cambridge K12 - 7. EdinburghfiR 7>
HEIZ3kmIE E D & Z AIZ)LE T Hthe University
of Edinburgh(Zthe James Clerk Maxwell Building7’
& MELRF DRFZEFTIC 2 > T 5. Z D2FEIC
IZEI5D & 5 IZMaxwell D5 & Maxwell 5 #2075 IR
WCENN TS, £z, Maxwelllm &9 L9
\ZMax BornlZBHET 5 F v 7 U — (X6) H Y,
= OV BRI B D FEBED B
NTW5. Bornid KA Y N3 b FF A2k T
Z I T H o7, BEE 72 B BornlY, HEH
DR T2 LR OFHERK] TAKZE L 72Olivia
Newton-JohnDE:H DRI H 7= 5.

4 . Woolsthorpe Manor (Newton® 4 %)
DRELITRRY I —a v XTI EESRTO
EENLEIL > TV 505, B ANewton)3 16424F (2
EFENTRENZEDE LK TV D OILEEH 7.
(http://www.nationaltrust.org.uk/woolsthorpe-manor/)
London®King’s CrossfR7)> 5 Leeds® % VM York 7
[ O F B C1REfE & £ D O Grantham i T H L,
12kmiZ £'Fd T L 72 Woolsthorpe by Colsterworth &
WO HEFICEFREH T, Vo THLT 7 EAD
PRI EFEY A PEATH kbbb T, %
F3GranthamBR C FHE L7 & X34 7 v —17e<
BHIZS N, RUE/FTIRNG1071E 84 < &
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WU TIEIRFRED N H Y, EIXHEOEITHHE
2T, TORIIARABZ—=BHD (KT7). L,
L, v 74 EAF (http://www.traveline.info/)
T, ‘Grantham’ & ‘Woolsthorpe by Colsterworth’ % A
LU TR TEFAYIZEFTONRNARH HET 72D
T, ¥/ —%%H5 (ERTEF v 7EMRLT

47 GranthamfUs0 (5 EOBMBE AR E L F—) X8 NewtonDEZFK LY A
http://www.nationalrail.co.uk/posters/GRA.pdf
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FoTWVWTHHH) ONRBFENTHA 9. Newton
DEFRIZXG, 9D L H ICHEDERICTE A2V E
912 H. 2 5 A3, Newton?® Grantham @ the King's
School % % T 195 ¢ Cambridge K% (2 A2 L Th
DEFEHITIE, RO L LT EEREKRL R
DR D. BIMORANEFMALLHIML LS.

It was at the manor house from 1665 until April
1667, while taking refuge from the plague, which
had closed Cambridge University, that Newton
conducted pioneering experiments in the refraction
of light. Here he began the work that became the
foundation of his masterpiece, the Principia
Mathematica (1687), cornerstone of modern
science.

F,VAZORTICKD2ENORERIZEL T,
UTDEITHHSNTND.

The apple falls
Everyone knows the story of the apple falling on
Newton’s head, but this famous tale is a

misconception that is regularly resurrected in
everything from cartoons to computer ads.

Newton told a number of people about the
occasion, but did not always mention the apple.
After a conversation with Newton in 1726, his
friend William Stukeley recorded:

The notion of gravitation ... was occasion’d by the
fall of an apple, as he [Newton] sat in contemplative
mood. Why should that apple always descend
perpendicularly to the ground, thought he to himself,
why should it not go sideways or upwards, but
constantly to the earth’s centre? Assuredly, the
reason is that the earth draws it... there is a power,
like that we here call gravity, which extends itself
thro’ the universe.

5. Westminster Abbey
0[] [B] 23 5 F 5 O PEARNZ AL & 9 % Westminster
Abbeyld, 10664F-|ZWilliam the Conqueror D &L
T Cllik, EEEFEOEAZIHITO B
& LTI000F W ESR 2 A4 5. £/, HES L
DEL I NP HZEI N TN D,
MDA D5 Ao THARGE S FT L ERERIGL
DL —N"—Z R TEY TR 5 &4 AR
(K10 DOFBCDK) 12, INOREED T L— K
DTTFRNCAE ATV D (K1), 723, Newton7)32
KB & 72 o 7= Cambridge University D the Lucasian
professorship of mathematics (Z % George Gabriel
Stokes (44F|ZJoule & [F] U, Kelvind V 55% ) <°
Paul Dirac b EV TV 5. F 72, Royal Society D%
£ & LTH, Newton (1703-1727), Stokes (1885-
1890), Kelvin (1890-1895) , John William Strutt, Lord
Rayleigh (1905-1908) 572344 ZEHAA TV 5.
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—7%, naveRiF /M (K10H OfkEOK) 1Z1%
X120 X 9 7253 7eNewtonff &, & D FRIDKIZ
Newton% |% & /A CMichael Faraday, George Green,
Kelvin, Maxwell, % L TAH ki L+ CDirac
DEAPWATND . RI2AANITEENAE LT
BLE X [FSFPE Y = 7 A R bB AFTEZHEER
R AE Y R 726 D722, Green/Z 1T JEEL D&
BONTND., N BOJT-72 5 7= Greenl A H/
BTHOEEZLTWEZ EICHET A LS.
Faraday (X A ZE CEIWTW=MRTO/NMETH -
72 D 72N, Green'® [EMEE 51T TWRWET
IET 5. B OO TRENEATERZFF
FRLFHEOBOREIIESG Z=ZITH L LB,
HEIZOWTEZIELNDOIRNETEH-T-.
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(2007), [F2, (2008), [3, (2009), [F4, (2010).

[2] sk —, BEEFosizHE LT, ARRT 2/
2 2 —online, http://techon.nikkeibp.co.jp/article/
COLUMN/20140819/371342/ (2014-2015).

[3] Russell, B., James Watt—Making the World Anew,
Reaktion Books, (2014).

[4] National Trust, Woolsthorpe Manor—=Birthplace of
Isaac Newton, (2006).
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THIS TABLET IS HERE PLACED,
) NEAR THE GRAVES OF
NEWTON, HERSCHEL AND DARWIN,
BY THOSE WHO IN MANY LANDS HAVE UNITED
TO PERPETUATE THE MEMORY OF

JAMES PRESCOTT JOULE
F.R.S,,
OF MANCHESTER,
IN RECOGNITION OF
SERVICES RENDERED TO SCIENCE,
IN ESTABLISHING
THE LAW OF THE CONSERVATION OF ENERGY,
AND DETERMINING
THE MECHANICAL EQUIVALENT OF HEAT.
BORN 24™ DECEMBER 1819, DIED 11™ OCTOBER 1889.

(Z DJouleDEGHR & YEK U T2 BEER 43121, “IN MEMORIUM CHRISTVS VITA
MORS LVCRVM” & W) XLFENH-T, FU X B boTN5.)

411  Westminster Abbey : AL [ 2~ 6 P 2 @K AR & 5B FHE O 2 —F —

12 Westminster Abbey : navefii 5 ZZ/II1Z & 5 Newton D &, £ DFRETO A
(NewtonDEEANZH D T T L FEDEWIL ‘Here lies that which was mortal of Isaac Newton®)
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