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Probability density functions in Engineering Application

 Flow regime and pattern identifications in boiling channel
to predict heat transfer and ensure stable, safe operation of
evaporator, drum type boiler, reboiler, nuclear reactor
cooling application, exothermic reactor cooling, etc.

 Heat transfer coefficient in the boiling channel is the
function of properties of the fluid, flowrate, temperature
difference, quality/void fraction, and flow regime of boiling
flow.

 Accurate estimation of heat transfer coefficient and
flowrate requires the knowledge of flow regimes and void
fraction.



Forced circulation boiling channel is an integral part of forced circulation
boiling loop employed in evaporator, drum type boiler, reboiler, nuclear
reactor cooling application, exothermic reactor cooling etc .

NATURAL & FORCED CIRCULATION BOILING- APPLICATIONS

Forced circulation vertical
reboiler (Arneth and Stichlmair,
2001)

Two phase flow in vertical
thermosyphon reboiler reboiler
(Arneth and Stichlmair, 2001)



Natural circulation drum type
boiler (Kim and Choi, 1995)

Natural circulation cooled ethylene
oxide chemical reactor (Nayak et
al., 2006)



 Nuclear reactor cooling system
 Solar water heater



Sketch of boiling system
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Experimental voltage and
impedance signals (Z*) are
used for detecting vapor
phase and its pattern
through the estimation of
Probability density function
PDF.

PDF of these experimental
datapoints is a flow regime
identifier that helps to
estimate 2-phase heat
transfer coefficient.



Experimental method of vapor 
phase detection in 2-phase flow.

Boiling flow of water and 
vapor ( 2-phase flow)



Oscillations of estimated α(z,Δt) with the PDFs of impedance signal at the peaks of the
oscillations of void fraction and statistical parameters at different inlet subcoolings.
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Estimation of void fraction

Flow regime
identification from PDF
of impedance signal
and void fraction in
boiling flow.

Void fraction (α)
estimation

Slug flow

Bubbly flow



 Time series of NOx concentration and its fitted model 
for the years 2010

Wesley H. Prieto, Marco A. Cremasco, Application of Probability Density
Functions in Modelling, Annual Data of Atmospheric NOx Temporal
Concentration, CHEMICAL ENGINEERING TRANSACTIONS, VOL. 57,
2017



 Wesley H. Prieto, Marco A. Cremasco, Application of Probability
Density Functions in Modelling, Annual Data of Atmospheric NOx
Temporal Concentration, CHEMICAL ENGINEERING
TRANSACTIONS, VOL. 57, 2017



Kernel probability density function of signal

 It is a non parametric method for estimation of probability
density function.

 X=[x1 x2 x3…….xn] is n number of random variable.
 PDF is constant in the small interval of dx (piecewise

continuous) and is the number of sampling falling in
the interval.
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Continuous PDF

 





Properties of PDF

Wesley H. Prieto, Marco A.
Cremasco, Application of
Probability Density Functions in
Modelling
Annual Data of Atmospheric NOx
Temporal Concentration,
CHEMICAL ENGINEERING
TRANSACTIONS, VOL. 57, 2017



Churn Flow Annular Flow Mist flow



Appendix for continuous PDF estimation (Normal PDF)



Appendix for experimental PDF estimation (Kernel PDF)




