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Abstract

A computer program for thermal design analysis has been developed to predict the opera-

ting characteristics and performance of an absorption heat pump to recover 30~40C of

waste hot water. The effects of heat transfer area of the system components, temperature

and mass flow rate of heat transfer medium, and solution circulation rate on the system per-

formance are investigated in detail. The results obtained indicate that the COP is increased

with a decrease in the temperature of driving steam and with an increase in the temperature

of waste hot water while the COP is little affected by the variation of a hot water tempera-

ture. It is also found that the heating output is increased with an increase in the temperature

of waste hot water and driving steam as well as with a decrease in the temperature of hot

water. The simulation results are also compared with the experimental results for a periodic

operation of the system and obtained a satisfactory agreement.
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Table 1 Design Condition
Heating Capacity Qa+Qc 5,000kW
COP 1.7
Component T{C] P[Pa] ¢ (UA)KW/C]
% Generator 110.0 30384.2 (.581 230.0
*Condenser  69.4 30384.2 138.3
* Absorber 49.8 2573.1 0.531 305.0
* Evaporator 21.6 2573.1 270.0
* SHX 0.1
HeaTransfer g re] TwlC]  slke/s]
Medium in
* Generator 130.0 95.0
* Condenser 46.6 60.0 40.5
* Absorber 30.0 46.6 40.5
* Evaporator 38.0 23.3 34.7

24 As} A2de Fen QA S e
dgg ABoHE olgsla dZsur. e
Azde 7t aadn 2Rg A dmPol of
folxe @dg wHY W, SAeT Wl
b Azdel A5 mAE Gl YadE 3
A3, ATFE ARE ARAHS AlB oY
Asste) vws F93ect.

5.1 XY ofM R M| 23 IE

%7) 2x9o Wisrt A Ao AAHA e}
)X gako] Fig.3ol Jeht sl F719] w3l
H LERRE Alxglo] A2 Ao =gt
AL Wl ARAGe 2 A AT 719
Lx7) 374l uet £82 v o g FojuA
ok AA7)el AR dFo] 2EHE YRO=
o Fo] AREY] g AHASE F7Y 2k
7} Ak 288 Ptadhe FEE Rolal

&4 Y7o 2EE MALEEYE —6~6C
2 WIS b Ao el vXe d%E
Fig.4dl JeRiAC. &8e 259 ¢+ 2%=7

45 Ao Foprle AoE YEIGAT
ARAFe £59 W3l A9 FaHES Bolx
gt 282 Heey YT 2EE AALEER
B —3~3TCZ WAL 9 Al2gd M= 9

- BAI9 - 0124

2.0 76500
6000
19 L :
- 77 5300
- i b
S =
a'® B e 5000 X
o e o
) P ]
© e lasca =
17 T +,
<
14000
16 CoP f
N 3500
______ Q40 ;
15 T T T T T Q00
15 120 125 130 135 140 145

Temperature( °Z)

Fig.3 Effect of the steam temperature into gen-
erator on the COP and output.

2.0 8500
6000
1.9 4
Tl -5500
) T i ;
! -~
1.8 4 e
a ' ~e ~5000 £
o - - ©
I ~-. i D
s _— - Lasoo 7
7 4 -_— | B
| e
|
}-4000
164 ——COP '
~3500
o
—————— (4 Q¢
15+ - T y ™ T r 3000
22 24 78 28 30 8

320‘ 34 36 3
Temperature(°C)

Fig.A Effect of the hot water temperature on
the COP and output.

2.0 500
16000
19
L-ssco
—
T T =
R I Feooo =
[®] O
)
~ T kasoo &
P +,
<
<000
" CoP 3500
—————— Q.+0c
5 3000

3 37 8 39 40 41 a2
Temperature(°C)

Fig.5 Effect of the waste heat temperature on
the COP and output.



AL AE € AT ALF F54 EHze AFH Mgl

i;}__.

Fig.5ol vebddcl. £33 AHASF 257}
29 257} VS A ndHow Zv}
Ha

o &

B2 HAZT Yok WM Ao 4T LEE

; zeg

N

3% B FAsE Zol AHASs)

T £ sl Ao ey
2 HXE oMo 72 HEo oSt HS

.%;o

k

(o]
=
Lo
=
A
o
L=y
5.

g A, & 5% deTy # 7}t
H o] watyel wet dudrle] ddGAs
grol AHM (UA) gt= me} S8k, {30l
Zashe A-folle (UA) gtol #dasiAl ad.

259 K wstel wE Alzge] Asd wA
t 4% Figbol YAt 259 f3o] 4
ARE HolXw A7 ot S7he ol A
AAA ool M AHA St A HojH g By
FI Aok 23 28 259 fRHEs Al
HAA 3] R WskE RS o |4
AAA oA & e F¥ol WolAe
Tdor vehdt

g fFY wge we Alxge] 9T
Fig.7e]l Jebligich. #25 #%F 94 4AHE
doiMw A FAA S ot SR AAA o
AN AFAS7E 24 o RAF
o E8e AANE WolMEA BEEAL AA
A ojglollMe & %oz Agnh iy oe
Lo frpsld o3 FRFROE AL Fes
Uehd #25e] £ wse 259 £% dse

= & ) 2~
o Az A nAE 9 Aee T
2.0 500
— COP -
e 6000
194 TT77C OA+QC ///
~
i F-5500
- o~~~
i =
a ‘81 e (sooo =
3 / g
L &)
17 J / 4500 .
/// 4000 o
1.6
// 3500
g
r 3000

1.5 ey
00 02 04 06 08 1.0 1.2 14 16 18 20 22
m/me )hot water

Fig.6 Effect of mass flow rate on hot water on
the COP and output.

193

A
53 oing WYl oft I

Z 7] N2 IdEs @Y A AZFR
ZFe AR, Euthg At A A7} A
Wie & doj(dugr] 47N 7743 #el
AxAoyel Friel g dRg WA Wl

£ ARAr 28 AR, 571, e,
F7l, 2y S ugy] Az diste] A
st

zZt 74 a4d Exg AHY Wy} &2 0|
Ae 9L Figsd Yetldd. 8ddudr|s
Aefg ywlx] 8715 FHY dHo| Fojdel
wet Feo] Frisia A, SAEndrle A
e 37 dddg wHo] wolddx By

2.0 6500
6000
1.9
R 5500
e
1 -
a " 7 -5000
o e
O Pis
4500
v //
K
%4000
154 ——copP .
3500
------ Q4Q !
1.5 4 -+ 3000

+ ey
00 02 0.4 06 08 1.0 1.2 14 16 1B 20 22
(m/mo)Waste heat

Fig.7 Effect of mass flow rate of waste heat
on the COP and output.

6500
GOOOJ
5500
s :
SHx P
£ 5000 - 2i
=1
T 4500 2
. | Z
e ; 7
4000 ///
oA
3500 3
|
3000 — - T T T S —t
D2 04 06 0B 10 12 14 16
(UA) {UA)o

Fig.8 Effect of heat transfer area in system
components on the output.

QA+Q(:(kW)



194 38 - 7rEE - BAD - ol

280 47t Fadte AFE Y. olv Y
AFo] Z7ige) wel gAIaEr|AN et
Ago] Folur] Wi Frrlolre ddFo] &
ojE7] Moz AZdn. FLr% 719 A
7 A9 2 AFE BAFH glon, 4AA
ol ol M &0l ot AT HAH o]t
Me #4% 2499 g4t vt g w13
%719 A7t e w9 Wzl shy v
g whgEe ¢ 5 Aok

2 3 ase ddyg ¥HY W AHA s
of mX)e P Fig.9el eht k. zj47)9
Aerg A v §rlsdM ddg HEHo
Sog+E HAASE Frtste AU RAFH
Ak, 2 A7 Aee e 71Ede ¢
g gdg @A LogdsE 23y AHAT)

00 02 0% 05 08 10 12 14 16
LAY/ (Ualo

Fig.9 Effect of heat transfer area in system
components on the COP.

2.0

15 T T T T T T 1
co €2 04 06 08 10 12 14 18 18 20 22
O/Oo )

Fig.10 Effect of the solution circulation rate on
the COP and output.

Folme AL BolL UFo] Srlgwnsit). of

719] XY WAo] AN WAH= F79 &
o] A ZAdHAl HiL oldl w2t & w7
(F771, €571, FL7D)elMY Fatr}t gasof
Aad AAF oz F ¢ NM9HoR AF3] 4
For AZdan. 5719 FE7Y BFee 79
FARE A g woln], A o) FellA HAA=
o AL 79 gAY AR olFelXe A3
F7F 343 Fa3d. {F51Y Aee dde
Holl vlal H o2 JAAF7}F F7 AT A9 dA
3k, SAdugrld o JFe JPE Wil
A WS BT gl

5.4 Sosgizlel Fuf

Fig100) §legae) Wz} 425449 &2
o ulAE A% dehuich fAegel He
4% ARA57 $82 wAZTh 2L, Hu
e 42d 2A0A el BEd g5
g Zolk AL MUANA Aoh R SAEE
Fol A 60% 2 FolEA HR AU e)A
golo] nr} mEZad, Aze APaHe =
gap7) Hol SAATBIINN SeloeyE AW
o) 4717 Frh aelms SAeBRe 4AAS
s A4sle estel AR FRHNA} B
oo A7 Al A 1E F4Y dyEeAe
Aol e T fAEBEE HA gl
80% ola= gdshe AL Malor ITT A%
Btk

55 ¢t

i
Ao
)
am

>

Fig.118- 71 A4 Zd net Axe A13F

A dEzol u& ¢ S48 HoFa girh
d o 24 o} EHZo A Alo]Fo| o
308 FrE wEEy Jfde tHEAHY HY
T2 E4gte] YERY gt 1, 2 #Hes
9] 9T, BT &%, 3, 4, 5 &F U+, FFI
T, V) BT & E, 62 $U] 3 2
TexE 47 YEhuE, 719 YdFeEe 130
TR g3yl 3FHA%. 28y 249 {39
HolHe woly= F7lY Fg@e]l Ay AgHz

p

o
b
).
o
N



e HE F5rE AT A1F F4H €Y FHH AEHOH

Temperature(‘C )

|
i

081

A~ N

o 1080 1800 2800 5400
Time(sec.)

: Inlet temperature of waste heat

: Qutlet temperature of waste heat

. Inlet temperature of hot water

. Outlet temperatue of absorber

: Qutlet temperature of condenser

: Outlet temperature of condensed water from vaper

DR W N

Fig.11 data of the

Typical
system.

experimental

500 1000 1500 2000
Time(sec.)

Fig.12 Comparison of experimental and simula-
tion results of a periodic state.

195
Table 2 Accumulated heat balance
nterval
0~1080sec. |1080~1800sec. [ 0~1800sec.
Heat
Qs 2.998 x 10°%kJ 0 2.998 x 10°%J
Qa+Qc |3.524x10°%kJ | 1.131x10%J |4.655x10%J
Qe 0.923x10°%J | 0.745x10°%kJ |1.668x 10°%kJ
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