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Thermal Modeling of Buildings

» This lecture deals with the model of a space heating
system of a building by means of a passive solar
system.

* The system is designed after a solar experimental
building constructed in Tucson near the airport.

» The model is quite sophisticated. It models not only
the physics of radiation through glassed windows,
but also the weather patterns of Tucson.
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Passive Solar Space Heating |

Southside view with (| dlsmantled)J

sunspace.
Northside view.

4

The house is constructed from Adobe brick.
The photographs are rather recent. By the
time they were taken, the house was no longer
being used and had fallen a bit in disarray.
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Passive Solar Space Heating |1

» The experimental solar
™T TTT T building is shown here
from three sides.

 Solar radiation through
the walls, the windows,
and the ceiling is to be
modeled.

» Losses are also being
modeled, including the
losses through the slab.
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The Bond Graph of a Room
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e Every room is modeled in approximately the same fashion.
The model shows the heat capacity of the room as well as
the interactions with the environment.
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P T * The house has four rooms to
- [ 11 P11 be modeled: a living room,
— - two bed rooms, and a sun
Room #3 Room #2 Space N
Bedroom Bedroom o N
R e oo g7 || It is assumed that the
e temperature  within  each
17 Room 41 ok room is constant, which
Living room ' makes it possible to model
e _ each room as a single O-
b " junction.
REPEE LT e .. This is clearly an
oot 3 experimental house, as there
— : is neither a bathroom nor a
= kitchen.
October 25, 2012 © Prof. Dr. Fran(;ois E. Cellier ‘ Start Presentation <:]|:>
S s Thi h et Tiskn ‘ Wﬁthemahca[ Wéubelmg Df S,BI)t)SIcaI @D§t€m§
Swwins Cederall inctute of Technole gy Fuskch
The Floor
o —YHEF—o —YHE—o| o The floor is modeled like a room.
\ -E / * It has its own heat capacity (the slab
. under the house consists of gravel).
House Environment
\ = / * It exchanges heat with the house.
e It also exchanges heat with the
s —hua— o environment.

e It is important, not to represent the exchange with the
environment as a loss, since during the summer, heat is also
entering the building through the slab.
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The Windows |

Condyction
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Tamb— 1 —> o = WINDOW —— o

bl Radiation

» Heat transport across the windows occurs partly by means
of heat conduction, and partly by means of radiation.
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The Windows |1

Available solar Glass panel ° MOdeling the radiation
radiation L~ accurately is not easy,
e . «
Inflow of absorbed since several different
diation by f h
- Contiuction andt convaction phenomena  must  be
£2 considered, and since the
- 23 radiation is furthermore a
function of the day of the
year and the time of the
flected
Fedlation day.
-— Y
\“-__./

T itted
Outflow of absorbed rgg i?t?gln e

radiation by means of heat — F};
conduction and convection SHG 0
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The Doors

™1

o =11

—

* The doors are modeled similarly to the windows, yet there
is no glass, and there exists an additional heat conduction
through the wood of the door.

o —drraMe— o
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The Walls
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» Each wall is described by

pnt 0 —Sra— o three heat conduction
elements.

Tep— g —Aew 0 =00 — o — 00— o —R00 — o — v — g * At the two surfaces, there

sw/[ are additional convection

elements modeling the

_ transport of heat in the
= Bwu—o boundary layer.

"

* The exterior walls consider in addition the influence of solar radiation.

¢ In this program, the heat conduction elements C1D contain on the right side a
capacitor, whereas the convection elements C1V do not contain any capacity.
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The Dymola Model |

[t et eyl Ak

Guae v ;"n-:-m\l.x-a-"n. s-w-csesnpe—=| * The overall DymOla
EI‘I model is shown to

- T the left.

At least, the picture
shown is the top-
level icon window
of the model.
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The Dymola Model 11

[ e L s el S S

Shown on the left side
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is the corresponding
v top-level diagram win-
dow.

» Each of the four rooms
is a separate model.

e The four models are
overlaid to each other.

e The bond graph con-

nectors are graphically
A connected, connecting
— neighboring rooms to
each other.
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The Living Room
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The Sunspace
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The Interior Wall
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The Exterior Wall
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bular Functions

Vector of time-dependent
| tabulated input signals
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The Tabular Functions I
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The Temperature
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Passive Solar Space Heating 111

e The simulation results of three different programs were
compared. These programs had been coded in Dymola,
Calpas 3, and DOE 2.

e Calpas 3 and DOE 2 are commercial simulation
programs specialized for space heating.

e Calpas 3 is a fairly simple Program. It computes rapidly
and is easy to use, as it offers only few parameters.
However, the results aren’t very precise.

e DOE 2 is a much more accurate and rather expensive
program. It computes slowly and is not easy to use, as it
offers many parameters, for which the user must supply
values.

Simulation Results 1V

R RADIATION THROUGH A NORTH EXPOSED WINDOW

SOLAR RADIATION THROUGH A EAST EXPOSED WINDOW
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Simulation Results V

INSIDE -ROOM1- TEMPERATURES
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Passive Solar Space Heating IV

e Dymola computes about as accurately as DOE 2.
However, the time needed to complete a simulation run is
shorter by about a factor of 50 in comparison with DOE 2.

e Dymola is much more flexible, as the program is not
specialized for space heating simulations.

e The model assumptions, on which the simulation results
are based, are clearly visible in the case of Dymola. This
is not the case for either of the other two programs.
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