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SUMMARY

Louver Optimization Algorithm Development

The purpose of this research is to develop a parametric louver optimization
algorithm, which optimizes a louver form based on its yearly direct solar radiation
control performance. The algorithm is composed of three parts: the analysis part,
parametric design part, and optimization part. Each part is connected to the others
to produce an outcome. The result is the best performing louver form for the given
site from the aspect of its yearly direct solar radiation control performance. The
research confirms the performance of the algorithm by comparing the outcome of
the algorithm with existing louver designs by using a different environmental
analysis software.

The outcome of the research can be used by architects in the field. The strength
of this algorithm is that it is easy to use. The algorithm is a Grasshopper file that
works in Rhinoceros 3D, which is one of the widely used 3d Modeling software.
Therefore, the algorithm can help architects to design more energy efficient
buildings. The algorithm can be used not only for the new buildings, but also for
the renovation projects as well. The algorithm can also be used in the architectural
schools. The algorithm combines parametric design with environmental analysis,
which is an important emerging design technique. Students may learn about a new

design methodology in the field of green design.
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Type Building Architect Location Year Program
Overhan Manchester Civil Justice Manchest Governme
1 q Centre Denton Corker Marshall er, UK 2008 nt
Overhan i - i : S
2 q Solar Active House Architekturburo Reinberg Austria 2009 | Residential
3 Oveg;han Green Office Ateliers 115 France 2011 Office
4 Ovegrhan Eleven Times Square Fxfowle Architects NY, USA | 2010 Office
Overhan Commissioners of Irish Scott Tallon Walker Dublin, .
5 g Lights Headqguarters Architects Ireland 2008 Office
Overhan .
6 g with Spencer Townhouse Thom%s rtPhlfer and us 2003 | Residential
Blades artners
Overhan
7 | gwih | ©ORSU Genter for Healh GBD Architects USs 2006 | Hospital
Blades an ealing
Overhan
8 g with SBL Offices Helmut Schimek Austria 2009 Office
Blades
9 Horizont | Sino-ltalian Ecological and Mario Cucinella Beijing, 2006 Educationa
alBlades Energy Efficient Building Architects China |
Horizont | Pcital-Parque Cientifico Y L . -
0] a Tecnologico Equip dAraitectural e, | 5009 | Office
Blades Agroalimentario 9 P
Horizont . Renzo Piano Building
11 al The New York Times Workshop, Fxfowle | NY, USA | 2007 |  Office
Blades 9 Architects
1o | Horizont Hemiciclo Solar Ruiz-Larrea & Spain | 2009 | Residential
alBlades Asociados
Horizont
13 al Fujy Project Luca Lancini, Fujy Spain 2005 | Residential
Blades
Horizont
14 al Sensible House Rockhill + Associates KS, USA | 2008 | Residential
Blades
Horizont New -
15 al Kroon Hall Hopkins Architects Haven, 2009 Eduo?nona
Blades USA
Horizont
6] a Center Tor Global Fxfowle Architects NY, USA | 2009 |  Office
vation
Blades
Horizont
17 al Citigrouup Data Centre Arup Associates I(:arankfurt, 2009 Office
Blades ermany
Horizont :
Horizontal Skyscraper . Shenzen, :
18 Blaac;es Vanke Centre Steven Holl Architects China 2009 | Mixed Use




L%J‘\)/gr Building Architect Location Year Program
Horizont
19 al The New 42nd Street | py gyard Dovell White | NY, USA | 2000 | Cultural
Studios
Blades
Horizont
20 al Torre Agbar Ateliers Jean Nouvel Bagegga 2005 Office
Blades » OP
Horizont Guadalaja
21 al Torre Cube Estudio Carme Pinos ra, 2005 Office
Blades Mexico
Horizont . ' New .
22 al Yale Sculpture Building K|er/e&n Timberlake Haven, 2007 Educel':ltlona
Blades ssociates US
Horizont
23 al Blaas OHG Monovolume ltaly 2007 | Mixed Use
Blades
. - Vancouve
Vertical Vancouver Olympic/ Hughes Condon Marler
24 ' . : r 2010 Sports
Fins Paralympic Centre Architects Canada
Vertical Rossignol World Herault Arnod .
25 Fins Headquarters Architectes France 2009 Office
26 | Vertical Ch"eXprBejfdiﬁgrporate Guillermo Hevia/GH+A Chie | 2006 | Office
VerticalF Alesia Museum and .
27 ins Archeological Park Bernard Tschumi France 2012 Museum
Vertical - . Sao , ,
28 Fi Harmonia 57 Triptyque Paulo, 2008 | Residential
ins /
Brazil
Vertical - - . Toronto, - -
29 Fins Integral House Shin-Sutcliffe Architects Canada 2008 | Residential
Vertical Kengo Kuma and Tokyo, -
30 Fins One Omotesando Associates Japan 2003 | Mixed Use
) San
31 Vgtlcal US Federal Buildling Morphosis Francisco | 2007 Governme
ins nt
, USA
3 | Verteal Selimex Werner Tscholl Architekt | Italy | 2005 |  Office
Vertical . N
33 Fins Tenley Friendship Library The Freelon Group us 2011 Cultural
Vertical - . .
34 Fins Zahner Factory Expansion Crawford Architects us 2011 Office
Surroun - Import-Export - - -
35 ding Ter Pitte Architecture Belgium 2008 | Residential
36 Slérirn%un Selimex Werner Tscholl Architekt ltaly 2005 Office
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3t 1. Thermal Analysis of Different Louver Conditions (Ecotect Analysis 2011).

83
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SEK

a7 2. ZXst o FAHY

Month No Louver Existing Louver Design Best Performing Louver Design
Heating Cooling Total Heating Cooling Total Heating Cooling Total
(Wh) (Wh) (Wh) (Wh) (Wh) (Wh) (Wh) (Wh) (Wh)
J
Tl RamTs 0| 3476 | RBEK0 0| R8BI | 3960054 0| 3960954
Feb
25,49,6%4 0] 25496H | 26,037,166 0| 26037166 | 26,741,144 0| 26741144
Mar
6,203,785 0 6,203,785 6,426,280 0 6,426,280 6,753,406 0 6,703,406
A
Pt 1458 2,331,326 2,332,784 2,057 2,204,277 2,206,336 2,464 2,138516 2,140,980
May
0 3099218 | 30992158 0] 2987336 | 29873366 0] 28137136 | 28137136
J
o 0| 45666952 | 45665952 0] 44420684 | 44,420,684 0] 42331568 | 42,531,568
Jul
N 0] 54930372 | 54,930,372 0] 53726300 | 53726300 0] 52000336 | 52000336
Aug
0| 663060108 | 66,360,108 0] 65131360 | 65,131,360 0| 63370744 | 63370744
S
P 0| 4164350 | 41643540 0| 4081100 | 4081100 0| 309601672 | 39601672
Oct
0 9,087,996 9,08799%6 0 8,832,242 8,832,242 0 8,457,029 8457029
N
o 5491,8% 1,017,831 6,509,726 5,606,284 962,963 6,619,246 5890,958 795,175 6,686,132
Dec
20,926,790 0] 20926790 | 21,306,616 0] 21,306616 | 21,8350 0| 2183560
Total 96,646,360 | 252,029,280 | 348,675,648 | 98,364,300 | 246,022,208 | 344,386,560 | 100,851,006 | 237,032,160 | 337,883,200
PER 8054 21,002 29,056 8197 20,502 28699 8404 19753 28157
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¥ 3. Thermal Analysis of Different Louver Conditions  8F=r =% 1] (Ecotect Analysis 2011).

Month No Louver Existing Louver Design Best Performing Louver Design

Heating Cooling Total Heating Cooling Total Heating Cooling Total

(Wh) (Wh) (Wh) (Wh) (Wh) (Wh) (Wh) (Wh) (Wh)
Jan 84,351,048 0| 4351048 | &45803%2 0| 84580352 | 865,168 0| 865,168
Feb | 59497608 0| 59497608 | 59754476 0| 59754476 | 60970,176 0| 60970,176
Mar | 13056262 0] 1896262 | 19113174 0] 19113174 | 1983H832 0] 1985832
Apr 128340 | 2297497 | 2425837 129965 | 2266876 | 2396842 129965 | 2113702 | 2243667
May 0| 27451064 | 27451064 0| 27016768 | 27016768 0| 24608984 | 24608934
Jun 0| 5393332 | 53935332 0| 53305580 | 53305530 0| 50440952 | 50440952
Jul 0| 7349082 | 7344903 0] 7280963 | 7280968 0] 70182082 | 70182032
Aug 0] 908372 | NIB752 0] 90302312 | 90302312 0| 875278 | 871552728
Sep 0| 4732124 | 47132124 0| 46931460 | 46931460 0| 44993830 | 44993830
Oct 54267 | 6757584 | 6311851 547% | 6674422 | 6729218 547% | 6294533 | 6349329
Nov | 18393638 16397 | 18340034 | 18438266 16171 | 18454436 | 18980,144 16123 | 18996266
Dec | 515mm0 0| 51544440 | 51744084 0| 51744084 | 52686720 0| 52686720
Total | 9% emmea | 302112768 | 534968352 | 233815120 | 299394560 | 533209664 | 238332816 | W620294 | 524535744
PrEZR 1262 16376 RIR 12674 16229 2B902 12919 15514 28432
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L%/Jp\)/gr Building Architect Location Year Program
Overhan Manchester Civil Justice Manchest Governm
1 q Centre Denton Corker Marshall er, UK 2008 ent
2 Ovegrhan Solar Active House Architekturburo Reinberg Austria 2009 Res;jlenn
3 Oveg;han Green Office Ateliers 115 France 2011 Office
4 Oveéhan Eleven Times Square Fxfowle Architects NY, USA 2010 Office
Overhan Commissioners of Irish Scott Tallon Walker Dublin, .
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Overhang Overhang with blades Horizontal blades Vertical fins Surrounding
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’

Aangle of Rotanom Coverape Ratus Spasmg Dhstance from Glazing Progixtion Length Inclination
= 5 PN =
olgRtet HejHA £5

O AVUNF A P VAL AF Fu W B

I 55 e ol XEUAMY = M5 0dE HAE AI(HZH

Parameter West Southwest South Southeast East
Angle of Rotation 35 ~ 63 (28) 48 ~ 74 (26) 52 ~ 84 (32) 41 ~ 80 (39) 36 ~ 73 (37)
Coverage Ratio 40 ~ 63 (23) 56 ~ 72 (16) 74 ~ 84 (10) 72 ~ 80 (8) 56 ~ 73 (17)
Spacing 49 ~ 82 (33) 63 ~ 74 (11) 80 ~ 86 (6) 76 ~ 81 (5) 63 ~ 78 (15)
Distance from the 60 ~ 63 (3) 67 ~ 72 (5) 78 ~ 84 (6) 78 ~ 80 (2) 67 ~ 73 (6)

Glazing

Projection Length 38 ~ 79 (41) 55 ~ 74 (19) 73 ~ 84 (11) 72 ~ 81 (9) 55 ~ 77 (22)
Inclination 29 ~ 65 (36) 39 ~ 73 (34) 38 ~ 84 (46) 44 ~ 80 (36) 32 ~ 73 (41)




LH it}
AT oY J
< 0 K

N O O__._._

o
=

AHH bl 8

3. 2EZ0|

gl E

o
—

7N

teto ES FH C| X}

=

2= 7l

43} o

(3) 98AF A3 w7
O A&A7} A
O 9RAY 3




s L AL LT WANE NOBLT NN INA
DeuWe X a0 G2 2D TELE

A °F 23 onelE

ALBRL Wity 25 MY 2 "E{HS TH Jhs
O #7445 H7 2ZEYE 843 AT

dEEIOR!

A







=]

AF Wy o] F3F 4] (Ecotect Analysis 2011).

Month No Louver Existing Louver Design Best Performing Louver Design
Heating Cooling Total Heating Cooling Total Heating Cooling Total
(Wh) (Wh) (Wh) (Wh) (Wh) (Wh) (Wh) (Wh) (Wh)
Jan 38472736 0| 384127% | 389590 0| 38935960 | 239609524 0| 3060952
Feb 25,549,604 0| 25506M | 2603716 0] 26037166 | 26,741,144 0| 26741144
Mar 6,203,785 0] 6203785 | 6426280 0] 64620 | 6753406 0| 6753406
Apr 1458 | 23313% | 2332784 2067 | 2264277 | 22663% o464 | 2138516 | 2140980
May 0] 30992158 | 30992158 0| 29873366 | 2087336 0] 2137136 | 2R1371%
Jun 0| 4566952 | 4566952 0| 44420684 | 44420684 0| 42531568 | 42531568
Jul 0] 590372 | 5493037 0] 5372630 | 53726300 0] 5200036 | 520003%
Aug 0| 6630108 | 66360108 0| 65131,30 | 65,131,360 0| 63370744 | 63370744
Sep 0| 4164350 | 41643540 0| 40811020 | 40811020 0] 29601672 | 39601672
Oct 0| 90879% | 90879% 0| 88222 | 8832242 0| 8457020 | 8457029
Nov 5491806 | 1017831 | 6309726 | 5606284 92063 | 6619246 | 5300958 %6175 | 6686132
Dec 20,926,790 0| 209670 | 21,3666 0| 21306616 | 21,8350 0| 21883560
Total | o530 | 2520020 | 3867568 | 8364360 | 246022208 | 34386560 | 100851056 | 237082160 | 337883200
PER
m> 8,064 21,002 20,066 8,197 20,502 28,690 8404 19753 2157
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An Evaluation System For Thermal Performance of Parametric Exterior Louver
Design Alternatives, 7" ICPD, 2013, Taiwan

Evaluation of Parameters for Louver Design Algorithm based on Direct Solar
Radiation Control Performance, 2™ GCCSEE, 2013, China
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