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Stochastic Process

Probability distribution functions in
engineering applications and their
statistics



~ 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
tlow.

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



NATURAL & FORCED CIRCULATION BOILING- APPLICATIONS

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 .
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2001) (Arneth and Stichlmair, 2001)
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Sketch of boiling system



Dispersed Bubbly flow Slug flow
Bubble
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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.

Stainless steel Copper
electrode hody needle probe

=

— *| LCR meterin
Impedance mode

Function generator
1 kHz voltage signal

9,

Insertion-hole for

— impedance needle probe

Watch glass
[ ahove heater
section

. Process pipe in the
heater section

g WL

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



Estimation of void fraction

(a) AT, = 30°C mean threshold

mean-5%

mean+5% |

(e} AT, = 40°C mean threshold

mean-5%

mean+5%

p=0.229,0.216, 0.189
o=0.235, 0.128, 0.058
¥=2.330,1.117,0.224

2
/| v=T7.700,3.477,2.978

(b) AT, = 30°C

——1516s
eneenens 33 345
e 48505

p=>0.124,0.079,0.071
o=0.075, 0.027,0.027
®=0.808,-0.179,-1.420
v=3.029,5.882, 4.371

(d) AT 3= 40°C

— &no
() AT, = 50°C mean threshold

mean-3%

—mean+5%

p=0.099,0.028, 0.025
o=0.232, 0.0124, 0.009
¥=3.5890,1.351,0.284
v=14.182, 3.659,4.812

(£) AT ;= 50°C

Slug flow

Void fraction (a)
estimation

1 eat
a(z,M) = jo M, (z,0)dt

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

Bubbly flow

Oscillations of estimated a(z,At) 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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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



Table 1: Mean, standard dewviation, vanance, skewness and kurtosis calculated for each time senes.

2010 2011 2012 2013 2014 2015
u (ppb) 35.90 31.44 2678  26.72 26.38 2209
o (ppb) 47 44 417 2927 31.79 32.28 24 11
o? 225023 169479 85677 101086 104215 58114
A 537 461 403 440 506 454
& 4114 29.70 2518 2714 38.54 30.18

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

X=[x1x2 x3.......xn] is n number of random variable.

PDF is constant in the small interval of dx (piecewise
continuous) and ng, is the number of sampling falling in
the interval.
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Continuous PDF
Normal: f(x)=
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Maxwell: f(x)= %[%)2 x* exp[—%(%) ]
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| Properties of PDF
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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)
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/A@@Mr experlmental PDF estimation
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