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Development of a Compression/Absorption Hybrid Heat Pump System Using

NHs/H20 Mixture for High Temperature Generation

Minsung Kimf, Young-Jin Baik, Kwang-Ho Shin, Seong-Ryong Park, Ki-Chang Chang, Young-Soo
Lee, Ho-Sang Ra
Geothermal Energy Research Center, Korea Institute of Energy Research, Daejeon 305-343, Korea

ABSTRACT: Industrial low temperature waste heat exists sparse in surroundings but its
amount is huge. However, large portion of waste heat is discarded due to its poor recovery
quality and inferior application technologies. The heat pump system in this research is based
on the hybrid combination of compression cycle and absorption cycle in order to recycle
various kind of industrial waste heat effectively. The prime objective is to design a
compression absorption hybrid heat pump system which can produce high temperature above
the level of 90°C and low temperature of 20°C at the same time using waste heat water of
50°C. A mathematical simulation was carried out as a basis to design a prototype 3 RT class

hybrid heat pump. From the simulation results, fundamental parameters to design the system
were obtained.

Key words: NHy/H-0O mixture( =Y o}/

Compression absorption(4= E54)

itd
(ot
ot
o%
=
T
<
o
5
o,
=
@
54
g
c
=i
=X
o
)
{ it
1m
o
=

=449 Spen T AANERT] [I/s°C]
T =% [°C]
COP : A%SAF [-] U I AGAS [kW/m™C]
AT, : dFRELER [C] 7ol W
h colgy [k]/ke] 1 © NH; 8o A o] NH; & &dwv]
m AR [ke/s]
P D ¥ [kPal ot & Xt
Q D ARG kW]
s s dERZY [k]/keC] 1.2,..

(absorber)

* Corresponding author
Tel : +82-42-860-3062 fax : +82-42-860-3133
E-mail address: minsungk@Kkier.re.kr

(desorber)

Es

7]

7] (compressor)
7]

QA dE=T



new Al AlLkgk 2EfA e s A Aok 2 Wvlel FA] ¢
pump : HE THES AHETTE o] Ato]lEE FEete Wl 2
sink 4 3k dquA= TV s AtolEel A et 2ol
src a4 Y5715 7IAA R dSFATIE 49 FHE
Azees i W-digds F57](Absorber)
1. M 2 1 A7 (Desorber)ell A Wyuls 719k FA
TH=RTE 25 F Ak o] F solR=
A2 o3I FA8 Assta CO, WE Atol 22 53 & 54 7HA A o
A EAZE FAEUA SJEFZ Al B g
AR Aol Bzty] 7] Azareith A Aol A ) - ke ERE Yo & e AA ALE
skl e T HELde wg d3ge Fe(dls &0 @iyol= 58.2°CellA E3st
Z7 7hee Bd s dusy| s Aestd 34 glo] 2500 kPaol A%t =3 &9 A9 s
g F7b QAW 50°C olate] A2¥ 4ol A4 g osrEolM ARE 7hedt 2= tghe] 150~
= ZIAAR] SlEHE Al2ElS o] &sfo]ofwt 7 160°C7H#] = of)
Aol dE Aoz LA drt - FTIeh AATIOIAM Ae AL EEE
ol¢} o Hojolx Epslm Htel Ax A ol &3to v AT AF(COP) 4
SAEE B 28 dExE HAEE o= - AEfAe s=WsE T 8¥xd e
@] A AR wiErte] oy, FAFe] A
ol A & 4 Yu, MEE odua HA Fig. 1 stolBej= <=9 Ag=s e
o] LA 9 Whgol g M3 T 2 Ut e, #Asdees et 2o ¢4, A7
SA mEo] RrAel AR o|So] wua] uk M= FFWEE 3kl A2, Agte]l ® ¢
ASEE dPZo| U@ Hgo] AN Hi} B8 EFE F 2 270 & gwy
ol 9tl durdom AglH Ao ob7b SketA HW, Z]AE 7] el &4
60% ©]242 300°C ©]3te] 2x:oln, ok 20~30% Hot water Dyeing
= 150°C o]stelth, EH =] HAAAQ FeA] = storage tank process
150°C eolstoluz FouuAla9 < 4~10%7F ‘ (Heat sink) ?
Aokl A dHza Hfdss 2 THE 25
7hdoll FReeA o828 F Ave Aoln = P .
3 Af W AAAAGN ez wEHn 9 Aosoter ! e
© 40~50°Ce HodS Iz A=gor 25
£ Alxste] T Aol & A AAdel H Compressor
¢ FE Ao W3 Yt = = |
Aol A= oleh o] AgAle tEow ‘ i Separator
WS AE AL AES ZRHoR I, o
&3] S wtewA, TV dEAH} F54 Expm—f
AtolZe] GHES B4 stolBEs Alo]E & Pump
S8% S|EHZE et o Desorber
2. Sto[E2|= SEEZ AlAH
¢ (Heat source) ‘
soluals Aol2e FAGEAT T4 A Dsposaiplant  Siorage ank
olFe WHES Hestua JhTE Aol EE,
o] Alo]EF2 HE &AEIFE IR G=/FF Fig. 1 Schematic diagram of a NHy/H:0
(Compression/Absorption) A}e]Zoleta EgH compression absorption hybrid heat pump

- 1250 -



712 FEHEn ogA Edd &4 H=E
2ol hEEo] mete golo] Hu ZrE 4
NE Bd 4FEc 0o, 4F® Fo¢ u
gollo] F7] PelAl whta FEvge] Ay
sk, B7)olA] Z7)9] B4 ol Eof
T Frde FAF90~1000008 Alxs)
Eod g o F wEole APwnE F
# telo] wrolxm WAV R A Holrte 3}

g
S
riet
>
2
o
o
i
rlo
oX,
olr
o
f
o r
)
1>
N

o
~ Carnot Cycle
E 90°C AeremEREecrimERRetBiRRLa rnnn et e ann st rnnng,
=]
=7
5 )
(] (\oe‘
2 i e [
QE, 50°C 7 ol
= —i so‘“e“
e’
\(\ea{\(\g
20°C
/E' e
Entropy (J/kgK)
(a) Carnot cycle
—~ A
O
(>
8 90°C
E \
e
E (e“ﬂ (—\Jf‘ e
8 Vo o
o W
5 50°C {7
~ 1 300
§ < ©e2
B
i \’\eai\f\g
i " o
20°C S

I
|

Entropy (J/kgK)
(b) Rorentz cycle

Fig. 2 Comparison of ideal cycles with high
temperature gradient heat source and heat
sink

sFYrlE Fig. 2(@)olA el o] 712% Alo]E
of 7|3k Ale]F FxaE A Yzb 2 A Ao
A e Az 2= A ey ER S
Aol A8HE= sHAol7F Avh ¥y Fig.
2(b)e] = ol Aot o] GufAzEe] &

|

qAxE A Alzdo M= #
[e] e} o)
=

o
il

= Aol
9@ 29 4 3
22 A 45e 9 & 97
=z =
st B T

3]
Aol 71E S719FAtel 2R E

e

L
R
[e)

Y
Y
I
b
>
>
o
g
1o,

Table 1 Simulation condition

Simulation parameters Conditions

Hot water temperature 50°C — 90°C

Cold water temperature 50°C — 20°C
Absorber pressure 1700 kPa
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Fig. 3 Solution algorithm of hybrid heat pump
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Table 2 List of simulation results at the inletsand the exits of each component as design
parameters for a 2-stage hybrid heat pump system

Inlet of the Exit of the Inlet of the Exit of the
primary fluid primary fluid secondary fluid | secondary fluid
t6=24.16 [TC] t17=46.87
p6=385.2 [kPal pl7=385.2
83:2237631;)52 (kW] x6=0.6103 x17=0.6103 Water 60C Water 30T
) qty6=0.1287 qty17=0.3488
m6=0.01924 [kg/s]| m17=0.01924
tt=99.01 t4=69
pt=1700 pd=1700
ggks)(sn;bleg 55 xt=0.6103 x4=0.6103 Water 60T Water 90T
‘ qtyt=0.3346 qty4=0
mt=0.01924 m4=0.01924
t4=69 t5=62.1 t2=47.18 t21=58.51
Solution heat exchanger | p4=1700 p5=1700 p2=1700 p21=1700
(SHX1) x4=0.6103 x5=0.6103 x2=0.4082 x21=0.4082
Qshx=0.6284 qty4=0 qty5=-0.001 qty2=-0.001 qty21=-0.001
m4=0.01924 mb5=0.01924 m2=0.01253 m21=0.01253
t71=143.8 t72=70.77 t21=58.51 t3=80.01
Solution heat exchanger | p71=890.2 p72=890.2 p21=1700 p3=1700
(SHX2) x71=0.9877 x72=0.9877 x21=0.4082 x3=0.4082
Qshx2=1.21 qty71=1.001 qty72=1.001 qty21=-0.001 qty3=-0.001
m71=0.006711 m72=0.006711 m21=0.01253 m3=0.01253
Low stage compressor t77=_%%§ 72 t7711:_18%3082
Weomp_L=1.435 P~ 000 -G
ota comn=0.65 x7=0.9877 x71=0.9877
o lowp=1 304 qty7=1 qty71=1.001
- m7=0.006711 m71=0.006711
. t72=70.77 t8=146.9
[Eh stage COMPressor | p72=890.2 p8=1700
eta_comp=0 65 x72=0.9877 x8=0.9877
¢ qty72=1.001 qty8=1.001
rpm_high=590.7 m72=0.006711 m8=0.006711
t1=46.87 t2=47.18
Solution pump pl=385.2 p2=1700
Wpump=0.03004 x1=0.4082 x2=0.4082
eta_comp=0.65 qty1=0 qty2=-0.001
m1=0.01253 m2=0.01253
t5=62.1 t6=24.16
p5=1700 p6=385.2
Expansion valve x5=0.6103 x6=0.6103
qty5=-0.001 qty6=0.1287
mb5=0.01924 m6=0.01924
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