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Introduction
Siloxanes as working fluids in ORC Power Systems

« Siloxanes are potential working fluids for ORC power systems.
« Advantages: long-term experiences, low toxicity and GWP = 0.

« Mainly used as ORC working fluids for high-temperature heat sources
like biomass-fired power plants or waste heat recovery units.

Experimental investigation

Heat transfer coefficient

« Comparison to correlations
« Economic evaluation (pure
fluids and mixtures)
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Introduction
Investigated working fluids

» Hexamethyldisiloxane (MM); n =0

» Octamethyltrisiloxane (MDM); n =1

* Decamethyltetrasiloxane (MD,M); n = 2

Fluid properties:

formula °C bar
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Heat transfer characteristics

Experimental setup
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Heat transfer characteristics
Evaporation — Test section
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Results
Variation of mass flux density — MM
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Results
Variation of heat flux density — MM
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Results
Variation of examined working fluid — statistical and systematic uncertainties
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Results
Comparison to correlations

6 ® Experimental Data
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Results
Comparison to correlations

6 ® Experimental Data
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Results
Comparison to correlations
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Results
Comparison to correlations
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Results
Comparison to correlations — working fluid: MM
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Heat transfer measurements
Main results

Heat transfer coefficients are measured for process temperatures up to 250 °C.

Empirical model of Kandlikar shows a good agreement to the experimental data.

Experimental investigation

Heat transfer coefficient

Thermal stability

» Comparison to correlations « Maximum process
« Economic evaluation (pure temperatures
fluids and mixtures) « Decomposition products
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Thermal stability

Experimental setup

= 30 bar

pmax

.+ T . =500°C

Test conditions:

e t=72h

« T=240-420"°C

Heating » Electrical heated by
wire heating wire

* Analysed by

R17 gas chromatography/
—E‘/@ mass spectroscopy
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Results
Liquid phase, 360 °C, 144 h
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Results

Gas phase, 72 h

molar concentration in gas phase (mol-%)
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Formation of

methane and ethane
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Conclusions and Future work

« Heat transfer and thermal stability measurements were carried out
for selected siloxanes.

« The correlation of Kandlikar shows the best agreement to experimental data.

* No significant amount of decomposition products for heat transfer test conditions.

« Heat transfer characteristics of the mixture MM/MDM and MM/MDM/MD,M.
 Investigation of enhanced tubes and alternative working fluids.

* Long-term and dynamic tests concerning thermal stability.
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Heat transfer characteristics
Evaporation — Test section
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Results
Variation of saturation pressure- MM
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Results
Variation of examined working fluid
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Results
Comparison to correlations — Model of Kandlikar
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Results

Comparison to correlations — Model of Saitoh et al.
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Results
Comparison to correlations — working fluid: MM
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Results
Homogenous temperature profile
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Results
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Results
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Results
Flow regimes - MM
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Results
Flow regimes — MDM
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Results
Fluid properties

-
bar kg/m3 N/m

» Higher vapour density for MM = lower vapour velocity at same mass flux.

* Nucleate dominates at low vapour qualities, caused by low surface tension and
liquid-to-vapour density ratio.

« Lower surface tension increase the probability of liquid entrainment in the vapour
core.

« Suppression of nucleate boiling is delayed by higher vapour density (lower velocity
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Thermal stability

Temperature distribution
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Outline
Test procedure

Tauchrohr

15 min
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Outline
Dynamic test rig
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