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Abslruct

Theorevical and Experimernial Study ol Oreazic Rankine Cyele

[or Low and Medium Grade leal Source Llilization

Abstract

Organic Ranking Cycle (ORC) 15 an ellective technigue (o generale
power [rom low and medium  icmperature heal source, including
indunstrial wasie heat, solar heat. geothermal and hiomass cic. Advantages
of ORC are high ctficicney, simple system, environment friendly, and so
on. This work presents the theoretical analysis of Organic Rankine Cyele,
az well as experiment study, The experiment sysiem is the Lrst 1kW
experiment ORC project in China, and the maximum power ol this
sysiem achicves 1.1kW, Dctail of this work is as lollows:

I Performance of simple Organic Rankine Cyele was presented in
this work. Propertics of working fluid, including iscntropic propertics,
were firstly presented and analyzed. The difference between organic
fluids and water was showed by a sample calculation, the result shows
that the advantages of organic fluids is dry expansion process, propet
syslem pressure. low enthalpy drop. Then, perlormance of ORC under
different working parameters was showed, one of the most important
result is that first law cfficiency is a wecak function of superheat

temperature.  This work also studied the effect of reheat ORC,
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regcnerative ORC, and the result proves that ORC with rcheat can
improve the output power of waste heat recovery ORC system.

2 Evaporator, which generates the highest irreversibility in ORC
system, 15 analyzed by both static and dynamic moedel. The process of an
evaporator includes preheating, boiling and superheating. A single stave
counler llow evaporalor was studied by 1is temperature disinbution,
cnlropy  gencration  and  cxergy  clficiency, The resull shows  that
irreversibility  of  evaporator includes both  internal and  cxternal
nreversibility. The increasing of evaporating pressure decreases the
internal entropy generation, but increases the extemal entropy generation.
S0 a minimum eniropy fengralion exists, which is also the maximum
exergy elliciency lor evaporator, Parual dillergntial equatons were
catablished 10 describe the dynamic model of cvaporator, The cquations
were dispersed in the space direction mannally, and solved by 8 function
of Matlab simulink. Theorctical analysis of scroll expander was prescnted
according to peometrical study. The expansion ratio was firstly calculated.
And then the change of status parameters during the expanding process
wis studied. At last their ireversible loss of expander is presented.

3 Hcau recovery clficieney deseribes the performance of wasle heat
recovery ORC system better than cyele cfficiency. The reason is that
waste heat flow can not transfer its all excrgy to working fluid. so it still

has some exergy when leaving evaporator. This process result in external
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loss, and heat recover cefficiency can deseribe both cxternal loss and
internal loss exactly. Ideal heat recovery efficiency for a waste heat
recovery system was presented. and it was also proved the equilibrium
between maximum heat recovery efficiency and minimum entropy
seneraion rate, The ellect of working condilions on heal recovery
elhiciency was presented, and one of the resulls shows thal heat recovery
has a maximum valuc when changing cvaporating pressure. Al 1ast, a
triple stage hybrid system using MCIC-GT-ORC was treated as an
example of waste heat recovery system, and the result shows that an
increment of 3.8% can be received by combing ORC system.

4 Firsily established a 1kW waste heat recovery ORC syslem in
China. lsobulane was selecled as the working [Tuid of the experimental
syslcm, hol walcr as heal source, and scroll cxpander as cxpander. The
cxperimental system was successfnlly operated, a maximum power of
1.1kW and 2.9% first law cfficicney has been received.

3 The experiment results were analyzed by studying the performance
of evaporator, expander. The testing results of evaporator show that
evaporating pressure effects exergy efficiency greatly, The testing results
ol ¢cxpander prove that expander’s inlet volume Mowrale clfects rolating
spced of cxpander pgreatly. Maximum rotating speed during  the
cxperiment is 4828 rpm, and maximum cfficicney is 0.501.

6 The testing results of whole system show that expander output
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power has a maximum value when changing evaporating of working fluid
flowrate. The reason is the two phase flow entering expander when
evaporating pressure and flowrate 15 high. Detail test proved that the
optimumn evaporating pressure or fluid flowrate increases with waste heat
[Mow lemperature. The maximum cyele elliciency of the lesing sysiem 1s
2.9%., Cycle elhiciency also has maximum value, the reason 15 gimilar
Maximum heat recovery clliciency is 0.9%, and il also has a maximum

valuc when changing cvaporating pressure or working fluid flow rate.

Keywords: Organic Rankine Cycle, ORC, Waste heat recovery, Scroll

Expander, Evaporalor, Heal recovery elliciency
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