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Introduction

Basic information

« Box Type Window (BTW), typical construction from early 19t
to mid of 20t century
— ca. 10 Mio. in Austria
— ca. 100 Mio in Germany
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Introduction

Basic information

« Box Type Window (BTW), typical construction from early 19th
to mid of 20t century

— ca. 10 Mio. in Austria
— ca. 100 Mio in Germany

Goal/Focus

» Better understanding of thermal behaviour as well as fluid
dynamics inside the BTW

« Comparison of some renovation concepts
» Better acceptance for conservation of historical BTWs
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Introduction

Basic information

« Box Type Window (BTW), typical construction from early 19th
to mid of 20t century

— ca. 10 Mio. in Austria
— ca. 100 Mio in Germany

Goal/Focus

» Better understanding of thermal behaviour as well as fluid
dynamics inside the BTW

« Comparison of some renovation concepts
» Better acceptance for conservation of historical BTWs

Investigation methods

* |n situ measurements
« Computational Fluid Dynamics (CFD)

B sB-13-Conference 27.09.2013 Daniel Brand| 4



- ‘-;1‘ y kli : 5+
Institut fur Warmetechnik T ‘o

Technische Universitat Graz denkmalickiiy
Inffeldgasse 25 / B, A 8010 Graz, Austria, www.iwttugraz.at

TU

Grazm
Graz University of Technology

Description of BTW

Double facade window

(1) Interior casement
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Description of BTW

Double facade window

(1) Interior casement
(2) Exterior casement
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Description of BTW

Double facade window

(1) Interior casement

(2) Exterior casement

(3) Air filled cavity
— Distance between casements about 150 and 200 [mm)]
- Main dimensions are 1.63 x 1.76 x 0.28 [m] (W x H x L)
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Description of BTW

Double facade window

(1) Interior casement

(2) Exterior casement

(3) Air filled cavity
— Distance between casements about 150 and 200 [mm]
— Main dimensions are 1.63 x 1.76 x 0.28 [m] (W x H x L)

(4) Shutter box
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Description of BTW

Double facade window (5)

(1) Interior casement

(2) Exterior casement

(3) Air filled cavity
— Distance between casements about 150 and 200 [mm]
— Main dimensions are 1.63 x 1.76 x 0.28 [m] (W x H x L)

(4) Shutter box

(5) Air permeable joints
— joint width about 0.5 to 5.0 [mm]

(5) ~ E
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Description of BTW

Double facade window

(1) Interior casement

(2) Exterior casement

(3) Air filled cavity
— Distance between casements about 150 and 200 [mm)]
- Main dimensions are 1.63 x 1.76 x 0.28 [m] (W x H x L)

(4) Shutter box

(5) Air permeable joints
— joint width about 0.5 to 5.0 [mm]

Functionality
» Joints allow natural air change
* Prevents damage of wooden parts by moisture
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Measurement - results
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T-box-bottom  eeeee
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CFD - Simulation setup — 2D Geometry
. | I I I I

CEILING . airvelocity outlet

BOX TYPE WINDOW

EXTERNAL

INTERIOR BUILDING ENVIRONMENT
i ENVELOPE

CORRIDOR WALL

HEATER

FLOOR BOUNDARY

air velocity inlet

1111
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CFD - Simulation setup — Boundary Conditions

ceiling boundary: T e = 0 [°C] I I I I
T[°C] air velocity outlet
- 60.0

L. ~
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30.0 ~ ~
S o 5
0.0 3 heater surface temperature = 60 [°C] kS
. S S
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air velocity inlet

220.0 floor boundary (adiabatic wall): g, = 0 [W/m?] | I I I I
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CFD - Simulation setup - Boundary Conditions

T[°C] ado city outlet
0.0 CFD-solver-parameter:
i
00 « Steady state condition
40.0 « Energy equation (heat-exchange, thermal conduction)
300 * Realizable k-e-model for viscous terms
20.0
 Enhanced Wall Treatment
10.0
» Full buoyancy effects (for natural convective flow)
0.0
» Discrete Ordinate-radiation model for long wave radiation
-10.0
i _, air velocity inlet
200 1111
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CFD —B TW refurb/shed upper region
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CFD -BTW refurbished - upper region
 Circulation of air inside the BTW cavity LLLH Shutter-bOXJ
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CFD -BTW refurbished - upper region

 Circulation of air inside the BTW cavity tLLL shutter-bOXJ
« Cold air flows inside the cavity and also into the H
room ~ L
s S
3 S
C >
= o
[Eca. -18 [°C]
ca. -4 [°C] | q—
(/Fﬁ/ -’
| ca. - 8 [°C]
S base
ca. 9 [°C]
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CFD -BTW refurbished - upper region
« Circulation of air inside the BTW cavity ca. 22 [°C] tLLL shutter-bOXJ

« Cold air flows inside the cavity and also into the

room ) \E [C
ca. 17 [°C] ﬁ
« Heated air got lost to the external environment "
_ ca. 2 [°C]
S a
E :
5
o
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CFD -BTW refurbished - upper region

 Circulation of air inside the BTW cavity E shutter-bOXJ

» Cold air flows inside the cavity and also into the s |

room L Lﬁ

* Heated air got lost to the external environment i ﬁ |
» Ventilation effects amplify the temperature S _§
stratification 2 =
= o

- Turbulences occur in the region close to the air I -

permeable joints ] A

i L

o
Q
n
()
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Boundary Condlitions for comparison simulation and measurement

T-box-top T-box-bottom
""" T-interior-room T-pane-external
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Measurement

reference object of the research project “denkmalaktiv 1”:
Schonbrunngasse 30, 8034 Mariatrost in Graz, Austria,
a former mental home built in 1885, now a public kindergarten.

A....BTW-refurbished  B.... BTW-improved

(improvements: inner gasket frame, low-emission coating for
inner pane, thermal insulation for shutter-box)
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Measurement — temperature sensors

indoor shutter-box outdoor

1
T-room & ﬁ

R
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& T-out
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Measurement — temperature sensors

shutter-box outdoor
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Measurement — temperature sensors

indoor shutter-box outdoor

base
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Comparison Measurement vs. Simulation
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Comparison Measurement vs. Simulation

—T-center

==T-interior-pane

—=T-exterior-pane
T-int

O T-ext

O T-top

O T-bot

BTW-height [m] (y-axis)

AT-top = 1.54 [°C]

AT-bot = 2.57 [°C]

-5,0 0,0 5,0 10,0 15,0 20,0

Temperature T [°C]
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Renovation Concepts

(A) shutter-box
A.... refurbished

inner
cavity of
BTW

interior
exterior
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Renovation Concepts

(A) shutter-box (B) shutter-box
A.... refurbished

P

L\ . B.... inner gasket frame

— . —
o inner o
— . —
% cavity of % gasket
. BTW v frame
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denkmalaktiv

Renovation Concepts

(A) shutter-box (B) shutter-box (C) shutter-

box A.... refurbished
/To 2l \
A L Y 2] B.... inner gasket frame
g mn.er 8 inner = fe) thermal
% cavity of 4}:': gasket £ % insulation
= | BTW v frame 22 C.... insulated glass inner

casement and thermal insulation
for shutter-box

. SB-13-Conference 27.09.2013 Daniel Brandl 31



£ y U z -+
Institut fur Warmetechnik L 0

Technische Universitat Graz
Inffeldgasse 25 / B, A 8010 Graz, Austria, www.iwttugraz.at

TU

Grazm
Graz University of Technoloay

denkmalaktiv

Renovation Concepts

(A) shutter-box (B) shutter-box (C) shutter-

box A.... refurbished
o 2k \
5 e 5 \ . 5l therma B.... inner gasket frame
% cavity of *;-": gasket £ 4f_§ insulation
= | BIW ¢ frame 22 C.... insulated glass inner
casement and thermal insulation
(D) for shutter-box
shutter-box D.... additional interior casement
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Renovation Concepts

(A) shutter-box (B) shutter-box (C) shutter-

box A.... refurbished
------ .,
h @ 2N I
51 inner 5 N e - herrmal B.... inner gasket frame
% cavity of *;-": gasket g 4f_§ insulation
- | BIW ¢ frame 22 C.... insulated glass inner
casement and thermal insulation
for shutter-box
(D) (E) shutter-box
shutter-box ks D.... additional interior casement
(o}
‘©
<l Tg 3 E.... vertical airproof divider
o =
> T
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Comparison of the Renovation Concepts

* Average room temperature T, eage 5TW()
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Comparison of the Renovation Concepts

* Average room temperature T, eraqe 5TW()

16,0 20,0 24,0 28,0 32,0

Average room temperature T [°C]
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Comparison of the Renovation Concepts

* Average room temperature T, eraqe 5TW()

« Rating = difference of average room temperature
compared with (A) refurbished BTW

T T

average,BTW (i) ~ ~ average,BTW (4) 100%

ratin N = |
& B1w (i) - (C) thermal insulation

(E) vertical divider

Taverage,BTW(A)

16,0 20,0 24,0 28,0 32,0
Average room temperature T [°C]
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Comparison of the Renovation Concepts

* Average room temperature T, eraqe 5TW()

« Rating = difference of average room temperature N
compared with (A) refurbished BTW | | | | |

rating gy 4y = 1.24%

(C) thermal insulation

(E) vertical divider

16,0 20,0 24,0 28,0 32,0

Average room temperature T [°C]
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Comparison of the Renovation Concepts

* Average room temperature T, eraqe 5TW()

« Rating = difference of average room temperature N
compared with (A) refurbished BTW | | | | |

rating gy zy = 1.24%

rating gy ¢, = 21.6%

— (C) thermal insulation

(E) vertical divider

16,0 20,0 24,0 28,0 32,0
Average room temperature T [°C]
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Comparison of the Renovation Concepts

* Average room temperature T, eraqe 5TW()

« Rating = difference of average room temperature
compared with (A) refurbished BTW

rating gy zy = 1.24%
rating gy ¢, = 21.6%

rating gry py = 4.4%

B sB-73-Conference 27.09.2013
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— (C) thermal insulation

Daniel Brandl

~
—

(E) vertical divider

16,0 20,0 24,0 28,0 32,0
Average room temperature T [°C]
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Comparison of the Renovation Concepts

* Average room temperature T, eraqe 5TW()

« Rating = difference of average room temperature e
compared with (A) refurbished BTW | | | |

rating gy zy = 1.24%

. _ 0 |
rating gry ¢y = 21.6% ~ (C) thermal insulation

rating gy gy = 6.9% —~ (E) vertical divider

16,0 20,0 24,0 28,0 32,0

Average room temperature T [°C]
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Comparison of the Renovation Concepts

* Average room temperature T, ¢ a0e 5TW()

* Rating = difference of average room temperature
compared with (A) refurbished BTW
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* U-value calculation U-value [W/m?] BTW  Facade + BTW
- With CFD (A) refurbished 1.73 1.38
~  Virtual test rig (2D-geometry) (B) gasket frame 1.69 1.35
C) thermal insulation 0.76 0.65
- Room temperature = 25 [°C] (€)
(D) add. casement 1.31 1.08
- External temperature = -20 [°C] (E) Vertical divider 1.32 1.09
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Simulation Results - Comparison of the Renovation Con&@

—(A)-center —(B)-center (C)-center =—(A)-0.5-room —(B %\Q
& .5-room

(C)-0.5-room
==(D)-center (E)-center ===(D)-0.5-room
0,6 - 1,0

0,4 ‘\ _____________________________________________
E o, 1)
+— +—
- 00 +--------f-11------FF----dA----mmmmmmmmt ey
2 Ty
2 00 2
= = e Lo
— (@]
oM ‘0,2 e

—0’6 / 1 1 1 1 _1’5 i i i i
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Conclusions and Outlook

» Partly good agreement of computed and measured temperatures
- Differences are explainable by the assumption of 2 [mm] gap width for the air permeable joints
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Conclusions and Outlook

» Velocity measurement in situ was very difficult (range of hot wire anemomenter)
- Laboratory test-rig necessary for detailed velocity measurement (with Particle Image Velocimetry (PIV) e.g.)
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Conclusions and Outlook

 Influence of horizontal joints has been observed with the 2D Slmulatlon model Vo [M/S]
- Resulting temperature stratification f T
- Effects of infiltration and ventilation
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Conclusions and Outlook

» First evaluation of different renovation concepts
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Conclusions and Outlook

* More detailed information on the flow characteristic as well as the influence of the vertical joints by
use of 3D-BTW-geometry
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Conclusions and Outlook

» Analysis of transient behaviour
- Thermal storage capacity of solid materials
- Effects of solar radiation on solid materials the airflow

. SB-13-Conference 27.09.2013 Daniel Brandl 48



6 Institut fiir Warmetechnik L Ee TU
weiw it iugraz at Grazs

Graz University of Technoloay

Thank you for your
attention

......... N vt J
~ ] t [l 1 - ' |
"‘.
\ }
AL




