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Convective heat transfer in...

... reality ... Building Energy Simulation (BES)
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Correlations are case-specific

Wall 5 (Chamber - Large Plates) ~  Wall 2 (Chamber - anal! Plates, 1)
Wall 2 (Chamber - Large Plates) ® Wall 2 (Chamber - Small Plates, 2)
Wall 2 (Small Box) Equation 12 (D=1.025)

J— S —

Awbi and Hatton

I | (natural convection)
‘:I‘; 4.5 > . :_‘ 2.78m --i
8 ' i i
E f Cadidg (Surface 4
= 4 |
= e
= 2.5 F.@f‘" W ‘
e "_..-""”;G:jf" Fioar ($liracs 3)
'[ ’ -~ g -~ Duwer T'ﬂw
3r |
. Cold Main
Carngarimenl Compartment

woee

»
»
25AA#A1. e b s ot a i by oaad

5 10 15 20 25 30 35
Surface to Air Temperature Difference (K)




Is the current BES approach sufficient to model night cooling? No!

Part 1: Importance of the choice of correlation (BES)
Part 2: Applicability of current correlations (experiments)

What possibly is a proper way? BES + CFD-based surrogate models!
Part 3: Methodology to derive CFD-based surrogate models



Importance of choice of correlations?

Design parameters

Overheating risk
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Impact of the choice of correlation
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Is convective heat transfer modelling of minor importance? No!



Applicability of current correlations?
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Comparison to correlations
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Comparison to correlations
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Are the currently available convection correlations always usable? No!



D BES + more empirical correlations
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D BES + more empirical correlations

D BES + CFD

@ BES + CFD-based surrogate models



Methodology to derive
CFD-based surrogate models?

output
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input output = f(input)
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Methodology to derive
CFD-based surrogate models?

input

output = f(input)

output

(Part 3)




Pilot study on night cooled landscape office

Night cooling in offices

Design parameters

Usually in oblong landscape offices
Often line-shaped diffusers/band windows
So, roughly speaking, 2-D airflow

Ventilation concept

Mass distribution

Geometry

Driving force for convective heat transfer



Stirring up the Annex 20 2-D case

- ~ Computer simulated person Computer simulated person Computer simulated person
Two-dimensional benchmark test air quality " ) fort Per lized tilati

Two-dimensional benchmark test

Links
The two-dimensional benchmark test, also called the “IEA 2D test case™ was defined in 1990 to be used in the IEA

+ The benchmark test Annex 20 work, but there have been a very large number of papers that use this geometry in other CFD work.

e Selected literature

We believe that it is attractive to a new user to stick to a geometry used by a number of other researchers. It is possible
to compare the results with other authors’ results (other turbulence models, other numerical schemes, etc.). The basic
knowledge behind the benchmark test has thus expanded during the years and made the test case more useful.
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Parameterizing Annex 20 2-D case

V_sup 77777 OIITIIITISIIS Z. 77777,
_ . =
T sup=15°C x
2227777724~
2RI Q
o = o
= %) S .
1.0my| o |~ 9
> < Z 1
<
:|:| X 3.0m
T_W II
(0,0) Lr
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— - Ventilation concept  Single-sided/cross/under floor
—I— - Mass distribution Floor/ceiling
I L, (m) Geometry 4.5 9
] Hgyp (M) 0+BL 2.6-BL (L,-0.5m)
Heyr, (M) 0+BL 2.6-BL
Pgup/exn (M) 0.1 0.5
o (%) 60 120
n (h1) Driving force 1.5 10
T ’—,7 T, (°C) 16 25




Gambit + Fluent + SUMO = surrogate model

- SURROGATE MODELLING

{sunac)

SURROGATE MODEL

|

E size function (edge source)
[ quadmap

Estimate airflow
on base grid

Calculate average
convective heat flux

A

}|- GENERATE MESH
H [cameir)

LOOP A PERFORM CFD
CALCULATION [FLUENT)
steady/isothermmal {1k,
steady/non-isothermal

Controlled by Matlab (fully automated)

FLUENT [2d, dp, pbns, mgke, unsteady] =n E=R[==
File Grid Define Solve Adapt Surface Display Plot  Report
Parallel Help

A

A

LOOF B: PERFORMCFD
CALCULATION [FLUENT)
unsteady/non-isothermal

A

LOOFP C: PERFORM CFDr
CALCULATION [FLUENT}
unsteady/mon-isothermall
sdaptivegrid

PERFORM: CFD¥
CALCULATION [FLUENT}
unsteady/non-isothermal

A 4

Total Heat Transfer Rate {w)
ceiling 8
floor 52 . 176696
inlet -142 18587
inlet_walls 5]
left a
outlet 89.936268
outlet_walls a
right 8
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I Monitoring residuals and
guantities is contestable




SUMO: global Surrogate-Based Optimization
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(kriging) (expected improvement)



Sensitivity: position of thermal mass more
iImportant than ventilation concept
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Typical contour plots of
the convective heat flux q,
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(L,=4.5m, a=90°, hy,exy=0.20m, (T, T, )=10°Cand n=10h?)



Typical contour plots of
the prediction variance §?
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provide insight (now)

These CFD-based surrogate models can advance BES-modelling (later)



Advancement of BES modelling

Surrogate models

Framework (in Matlab)

Indicate optimal solutions for which new
correlations can be derived empirically

Make a basis for more globally accurate
surrogate models

Can be used to derive more surrogate
models for different sets of
room/system design parameters

Can be extended to enable co-kriging
(few high-res simulations and many
low-res simulations)
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