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Simulation of a two-stage absorption heat pump cycle
using treated sewage
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ABSTRACT

This paper concerns the study of a two-stage absorption heat pump cycle to utilize treated
sewage. This two-stage cycle consists of coupling double-effect with parallel or series flow
type and single effect cycle so that the first stage absorber and condenser produces hot
water to evaporate refrigerant in the evaporator of the second stage.

The effects of operating variables such as absorber temperature on the coefficient of
performance have been studied for two-stage absorption heat pump cycle. The working fluid
is lithium bromide and water solution.

The efficiency of the two-stage absorption heat pump cycle has been studied and
simulation results show that higher coefficient of performance could be obtained for the first
stage with parallel flow type. The optimum ratio of solution distribution can be shown by
considering the COP, the crystalization of solution and the generator temperature.
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Fig. 1 System diagram.
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Fig. 2 Schematic diagrams of 2-stage absorption heat pump cycle.
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Table 1 Nominal conditions and ranges of simulation parameters
Simulation parameters Nominal conditions
Low temp. Treated sewage inlet temperature 11T
cvele Treated sewage outlet temperature 7C
Y Cooling water inlet temperature 27~34TC
Weak solution flowrate 0.05m'/h
High temp Cooling water inlet temperature 60T
| ‘|Cooling water outlet temperature 80°C
cycle Weak solution flowrate 0.089~.096m'/h
CAT at absorber 4T
CAT at evaporator 2T
. +|CAT at condenser 2T
Low & high -
; lg CAT at low-temperature generator 5C
€mp. CYCE | Absorber loss 2T
Effectiveness of solution heat exchanger 0.85
Efficiency of high~temperature generator 0.9
Table 2 Heat and mass balance equations
[Exchanger Parallel flow type Series flow type
Evaporator mi=me, QeL=mihvi-mehro mi=my, Qer=muhvi-mehrs
maq=m;+mys, maCqs=my1C3 ma=mi+my4, M4C1=mi1oCs
IAbsorber
Qar=mushiis+tmihvi—mahia Qar=mis hi1a+mihyi—mahiag
Low Condenser Ma=mvg+ms3 M2=mvg+ms
Qcr.=mohvetmahis—mphi 2 Qcr =mohve+mahr a~mohio
tem High~temperaturemis=mv7+mgr7, miz=mizAH miz=my7+mL7
P enerator Qucr =myzhyzrmizhiz-mizhie Quar=myrhyz+myzhiz=mishrie
Low-temperaturem(1-AH)=mpyo+mvy my3=mLs+myo
cycle generator Qrar =mvshvetmishig~mi2(1-ADhio Qrgr=mvehve+myshr g—mizhria
High-temperaturemyi;=ms, mi2AH=m3 Imi1=mi2, M7=ms3
solution heat ex. Quuer=muz(hriz-hri2)=ms(hiz-his) Quurr =mui(hiae-hri)=mishi7-hiiz)
Low-temperaturemi=mio, ms=mi2 M14=1M1g, M11=M4
solution heat ex. Qiurr=mu(hie-hii=maChio-hia) Qruer=muathis—hiia)=myhiy—hi )
[Evaportor Imior=miez, Qer=migihvior~mighviez
High Absorber mios=mior*+mio7, MaCir=me7Ca
Qan=mothvior+mieshy jo8~mioshiie
temp. Condenser Flvea=(HiosHuos)/2
A Qcn=miaHvee-mieHi e
Generator Qcu=mio1(Hvre-Hrior) *mior(Hrios~Huior)
cycle . Mios=Mmios, Mio2=M107
Solution Heat ex.
Qurr=myoes(hrigs=hrios) =mier(hiigz—hrioz)
Heat balance QAL+QcL=QrL+QncL,  Qan+Qcr=Qru+Qcu
COP (COP)L=(QaL+QcL) - 7 1./QuoL, (COP)u=(Qan+Qac) - 7 ci/Qcn
Total COP (COP)1=((COP)L - (COP)n) / ((COP)L+(COP)y -1)
g 4 (COP);, (COP)y, 181 2% Alol& (COP)r =(Qcut Qam/(Qer+ Qcr)
o AsA+TE (COPr B 3% (COP), - (COP) y @)

(COP) = (Qcrt Qar) * 716/ Qar
(COP) = (Qcut Qam * 7cul Qcn
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