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The correct internal surface transport coefficients modelling in the complex models of  
the heat, air and moisture transport in a building concerns the local thermal balance of  
the air boundary layer near the internal surfaces.

The heat transfer between a solid wall and an air is defined by the temperature 
difference and the convective heat transfer coefficients.

The new experimental optical non-invasive method that does not influence the 
conditions in the boundary layer has been used in this work.

The combination of  the experimental data and CFD numerical simulations were used to 
evaluate of  the influence of  ambient air speed on convective heat transfer coefficient.
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SchemeScheme ofof thethe experimentexperiment
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ExperimentalExperimental apparatusapparatus

Laser Laser diodediode
10mW/650nm10mW/650nm

DoubleDouble photodiodephotodiode
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ExprimentalExprimental apparatusapparatus

-- gypsumgypsum boardboard 12.5 mm12.5 mm
-- heatingheating foilfoil max 197W/mmax 197W/m22

-- gypsumgypsum boardboard 12.5 mm12.5 mm

-- aluminiumaluminium plate 4 mmplate 4 mm
-- heatingheating foilfoil max 197W/mmax 197W/m22

-- aluminiumaluminium plate 4 mmplate 4 mm
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- OpenFoam CFD v.1.2 software package, 

- laminar convective regime, 

- Boussinesq approximation for natural 
convection, 

SimulationSimulation modelmodel

convection, 

-Structural grid with 1mm control volume 
thickness near wall, 

-1.2mil. control volumes.
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ApproximationApproximation ofof thethe measuredmeasured temperaturetemperature gradientgradient profileprofile
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LocalLocal NusseltNusselt numbernumber vsvs. . LocalLocal RayleighRayleigh numbernumber
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∆T = 12.2 K, z = 0.25 m, Gr = 3.105E7

ApproximationApproximation ofof temperaturetemperature gradientgradient and and nearnear wallwall temperaturetemperature

usingusing initialinitial airair flowflow velocityvelocity

1 400

1 600 Experiment

Approximated temperature 
gradient profile

308

310 Experimentally evaluated 
temp.profile

CFD, natural convection

0

200

400

600

800

1 000

1 200

0 5 10 15 20 25 30

-d
T

/d
y

(K
/m

)

y (mm)

gradient profile
CFD-natural convection

CFD, v=0.1m/s                                        
& natural convection
CFD, v=0.2m/s                                  
& natural convection
CFD, v=0.3m/s                              
& natural convection

294

296

298

300

302

304

306

0 5 10 15 20 25 30

te
m

p
e
ra

tu
re

 (
K

)

y (mm)

CFD, v=0.1m/s & natural 
convection

CFD, v=0.2m/s & natural 
convection

CFD, v=0.3m/s & natural 
convection



ResultsResults
Mihalka P. et.al.Mihalka P. et.al.

Slovak Academy of  Slovak Academy of  SciencesSciences

Institute of  Construction and ArchitectureInstitute of  Construction and Architecture

∆T = 1.5 K, z = 0.10 m, Gr=2.398E5

ApproximationApproximation ofof temperaturetemperature gradientgradient and and nearnear wallwall temperaturetemperature

usingusing initialinitial airair flowflow velocityvelocity

200

220

240 Experiment

Approximated termperature 
gradient profile

297.5
Experimentally evaluated 
temp.profile
CFD, natural convection

0

20

40

60

80

100

120

140

160

180

0 5 10 15 20 25 30

-d
T

/d
y

(K
/m

)

y (mm)

gradient profile
CFD-natural convection

CFD, v=0,1m/s                                
& natural convection
CFD, v=0,2m/s                               
& natural convection
CFD, v=0,3m/s                                       
& natural convection

295.5

296

296.5

297

0 5 10 15 20 25 30

te
m

p
e
ra

tu
re

 (
K

)

y (mm)

CFD, v=0.1m/s & natural 
convection
CFD, v=0.2m/s & natural 
convection
CFD, v=0.3m/s & natural 
convection



ResultsResults
Mihalka P. et.al.Mihalka P. et.al.

Slovak Academy of  Slovak Academy of  SciencesSciences

Institute of  Construction and ArchitectureInstitute of  Construction and Architecture

0.35

0.4

0.45

0.5

Experiment

natural convection

v=0.1m/s & natural convection

v=0.2m/s & natural convection

v=0.3m/s & natural convection 0.3

0.35

0.4

0.45

0.5

experiment

natural convection

v=0.1m/s & natural convection

v=0.2m/s & natural convection

v=0.3m/s & natural convection

CalculatedCalculated verticalvertical profile profile ofof convectiveconvective heatheat transfer transfer coefficientcoefficient

0

0.05

0.1

0.15

0.2

0.25

0.3

0 1 2 3 4 5 6 7 8 9 10

z 
(m

)

hc (W/m2K)

v=0.3m/s & natural convection

0

0.05

0.1

0.15

0.2

0.25

0.3

0 1 2 3 4 5 6 7 8 9 10

z 
(m

)

hc (W/m2K)

v=0.3m/s & natural convection

∆T = 1.5 K
z = 0.10 m

Gr=2.398E5

∆T = 12.2 K
z = 0.25 m

Gr = 3.105E7



ConcluConclusionsion
Mihalka P. et.al.Mihalka P. et.al.

Slovak Academy of  Slovak Academy of  SciencesSciences

Institute of  Construction and ArchitectureInstitute of  Construction and Architecture

� Experimental optical non-invasive method that does not influence the conditions in 
the boundary layer has been used.

� At the higher temperature difference conditions the better coincidence with the data 
of  CFD modelling has been observed and on the contrary, at smaller temperature 
differences the experimental values differ noticeably.

� Influence of  the ambient air velocity on the convective heat transfer coefficient at � Influence of  the ambient air velocity on the convective heat transfer coefficient at 
low temperature differences had shown as significant.

� Dominant influence of  the ambient air speed on the local values of  convective heat 
transfer coefficient was obtained mainly at the bottom part of  the plate.

� The proposed approach of  experimental/numerical analysis of  the boundary layer 
has shown its usefulness and effectiveness for the study of  the boundary layer even at 
the conditions at very low temperature contrast of  only a few degrees.
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Thanks for your attention …Thanks for your attention …


