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Fig. 1 Logic flowchart of dynamic simulation, calculation and analysis method for photothermal focusing
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Fig.2 Flowchart of dynamic simulation and calculation
method of photothermal focusing of building cur-
tain walls
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Fig. 3 Relationship between glass reflectance correction
factors and incident angles of sun ray
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Fig.4 Application steps of method to dynamic simulating,
calculating and analyzing photothermal focusing
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Tab.1 Quantitative results of dynamic simulation and calculation of focusing of the Vernal Equinox
] TR £ A BB T B Ym B4 X TR Y/m B IR AR BT ORI /(W-m ) B A X [T Y i /°C
11:00 23 7 2028 69.7
12:00 10 5 1636 65.8
13:00 10 8 1388 63.3
14:00 7 6 1186 61.0
15:00 84 18 2692 76.7
16:00 564 208 1758 67.0
17:00 294 326 802 56.7
18:00 14 62 284 50.8

2 VBRI RS H e R m b g5 L, S
AR BRI , AT LR — K AE—B 200
AR & 8, RIS S T 5 H HER 16 B
$ T 9 B 8 52 1] 75 ik 76.6 °C ., Danks 22l 32t 5
Walkie—Talkie A% #5555 59 X $RAR S5 B, i i ik

3 600 W/m® fHJ SRSz i 7 vk FURE I Hh
Hi AR AR M TRT OTRLIE , N — 2 BB R SR AR X R
EOCHR[15,23,3 114 T — el el 149 i, (H - R
FEXTREBOREE TR L, 75 WS B A el 5 S0, ek
PEH AR AT — I R E R R A



152 TRER2ESH AR

%58 %

H DA E AT B X A O AR AR ), A A
U AR ST 7 7 P AR Il 5 A S A
TAE s THEZE R A AT AL 7 R 5 6 TS A it
J7 R, I E X E R R A A B T 58 5 9 Haz
7 TSGR A Grasshopper FP A% Oy i SRR, TC T
52 2 U IR BT b TR EO6T A AR U A L
Ko

4 & B

AR SO B AT S S SR, 23565 1 DR PR S A7
W, LSRN FH %) Rhino B4 A A5 RN o] #ALSF- 5
PUMEIE S Grasshopper AR THEEG 1% 21 T —Fhgt
FURRDCARE ST 5 T v i TR
R S I AN, G S ROR BHAR S BIE  $45 2 T RSt
AABER S RFFCHER S BUE THA Y, IF7E Grasshop-
per 1 2 il FH 5C R v A B, SRR R B s R 5 3
Rhino JU BRI b SO SEEIH A5 R AT BT LA, %
REAUE T A SUIMAE BT AR WS AR B I (1Y) 5
AR ARDL , PRI E A7 SR AR
FELL LRI o 1Of A T SR R N R i e
Ji%8, A GO R AR el P IR AR L
JREEWF S B AR FP 5 125, B X G R £ )™
AR — R EH TS5 T R SRR X R
WFE , LAY B MR 36 SROBT R 22 AR 3 Y ) s s 1
TFI5 SR [R) I O 1 B0 ' B ER Aa TR] R, 9/ ]S L 365 i
e .
SEH
[1] Liu Zhihai.China’s current situation and development trend
of glass curtain wall[J].Glass,2023,50(2):30-33.[ X!l :5 1 . &
] B B B IR B K SRR A U], 35 95,2023,50(2):30-33.]
[2] Ji Weidong, Qiao Yaping, Liu Yujiao,et al. Retrofit design
of glass curtain wall for office buildings based on thermal
environment optimization: Analysis of an office building in
Binzhou[J].Building Energy Efficiency,2021,49(6):125-130.
[ZE AR M9, X0 0, 5 B TR A 1 I A e 5T
PR WO BT —— LA N I A R 45107, 222
FHECTIE0),2021,49(6):125-130.]
[3] Jia Qingging.Research on applicability of LOW-E glass in

energy saving of high-rise office buildings in hot summer
and warm winter area[D].Guangzhou: South China Univer-
sity of Technology,2021.[ B4 1 . H A B L X LOW-E
WSR2 Iy 3 AR S RE YD B0 3E A PERITSE (D). )
RGBT 24,2021.]

[4] Yan Yufeng.Study on heat transfer performance mecha-
nism of open-frame glass curtain wall in winter in hot

summer and cold winter area[D].Suzhou:Suzhou Univer-

sity of Science and Technology,2021.[ /™I . E A%
b DX WHE BB 38350 2 AL AP REDL BT ST [D]. S50 95
HIBHE R A2,2021.]

[5] Zhang Junli.Glass curtain wall light pollution problem and
prevention measures[J].Build Technology,2023,7(2): 50 —
52 [FKZERN . B RE RO GTS Y ) B S B A R ). SR
$%,2023,7(2):50-52.]

[6] Li Xueting,Liu Buyun,Jin Jie.Harm and prevention of
light pollution of glass curtain wall[J].Cleaning World,
2022,38(3):92-94.[F L5 XL 2= 7 PO HOLTS
Pl e E SRR PR IE,2022,38(3):92-94.]

[7] Mao Hequn,Wang Fan,Xu Guiru,et al. Prevention of light
reflection to urban roads off architectural glass curtain
walls[J].Journal of Shanghai Scientific Research Institute
of Shipping,2019,42(2):74-78.[ & &S 1E, £ M, e kE 4l 25 .
e R T e i S G o Sl T S B ) 52 e 0. A A
BHTRHAITIE T 22 41,2019,42(2):74-78.]

[8] Wen Jianxiu,Ignatius M,Chen E X,et al.Impacts of a highly
reflective stainless-steel facade on a surrounding building: A
case study in Singapore[J]. Sustainable Cities and Society,
2023,90:104377.

[9] Salvati A,Kolokotroni M,Kotopouleas A,et al.Impact of re-
flective materials on urban canyon albedo,outdoor and in-
door microclimates[J].Building and Environment,2022,
207:108459.

[10] Fabbri K,Gaspari J,Bartoletti S,et al.Effect of facade re-
flectance on outdoor microclimate: An Italian case study[J].
Sustainable Cities and Society,2020,54:101984.

[11] Mehaoued K,Lartigue B.Influence of a reflective glass
fagade on surrounding microclimate and building cooling
load: Case of an office building in Algiers[J].Sustainable
Cities and Society,2019,46:101443.

[12] 4K . [ S MR A 2 51, 16.8 AZEn, IR 4
PR 3 142 4%5E[EB/OL].(2023-02-22)[2024-03-22].
https://travel.sohu.com/a/644511141 121493478.

[I3]NBC News.“Death Ray” at Vegas Hotel Pool Heats up
Guests[EB/OL].(2010-09-29)[2024-03-02].http://www.
nbenews.com/id/39403349/ns/travel-news/t/death-ray-vegas-
hotel-pool-heats-guests/#.VdenWNV VhBc.

[14] Schiler M. Examples of glare remediation techniques[C].
Passive and Low Energy Architecture Conference.Quebec
City,2009:22-24.

[15] Yang Zhen.The research on design strategy for preventing
and controlling reflecting lights coming from glass curtain
wall buildings[D]. Tianjin: Tianjin University,2017.[% 1y .
TR S A SRS S RO B FE BT SR I 5T [D]. KK
HER2£,2017.]

[16] Meloni M, Zhang Qian, Cai Jianguo, et al. Origami-based

adaptive facade for reducing reflected solar radiation in out-



52

BRBH e , 45 R SRR SR sl A 5 T 7 i 153

door urban environments[J]. Sustainable Cities and Society,
2023,97:104740.

[17] Ou Yinglei. Quantitative study of reflection of sunlight by
a glass curtain wall resulting in a visual masking effect[J].
Applied Optics,2014,53(29):6893-6899.

[18] Ying Shen,Tang Mo,Zhang Xinyue, et al. Sunlight pollu-
tion analysis of glass curtain wall in 3D city[J]. Geomat-
ics and Information Science of Wuhan University,2021,46
(5):610-619. [0 AT 2, TR H A5 | = Al i) B3 ik
HT5 R BT[], RBUR 22440 (5 B AL R), 2021,46(5):
610-619.]

[19] Wen Jianxiu, Ignatius M, Wong N H. A prediction model
for fast evaluation of reflective glare from surrounding
buildings[J].Solar Energy,2022,243:279-299.

[20] Vollmer M,Madllmann K P.Caustic effects due to sunlight re-
flections from skyscrapers: Simulations and experiments[J].
European Journal of Physics,2012,33(5):1429.

[21] Zhu Jiajie, Jahn W, Rein G. Computer simulation of sun-
light concentration due to fagade shape: Application to the
2013 Death Ray at Fenchurch Street,London[J].Journal of
Building Performance Simulation,2019,12(4):378-387.

[22] Wong J S J.A comprehensive ray tracing study on the im-
pact of solar reflections from glass curtain walls[J]. Envi-
ronmental Monitoring and Assessment,2015,188(1):16.

[23] Danks R, Good J, Sinclair R. Assessing reflected sunlight

from building facades: A literature review and proposed

criteria[J].Building and Environment,2016,103:193-202.

[24] 5KIZ SC 3 B i . —Fh A5 5 S B R R4 4
PEAHT T CN102539121B[P].2014-12-10.

[25] Lam J,Li D.Correlation between global solar radiation and
its direct and diffuse components[J].Building and Environ-
ment,1996,31(6):527-535.

[26] Liu B'Y H,Jordan R C.The interrelationship and characteris-
tic distribution of direct, diffuse and total solar radiation[J].
Solar Energy,1960,4(3):1-19.

[27] Goswami D Y.Principles of Solar Engineering, Third Edi-
tion[M].Boca Raton:CRC Press Taylor & Francis Group,
2015.

[28] Ghatak A.Optics[M].4th ed.New Delhi:McGraw-Hill Edu-
cation,2009.

[29] American Society of Heating, Refrigerating and Air-
Conditioning Engineers. ASHRAE Handbook:Fundam-
entals[R].Atlanta: American Society of Heating,Refrig-
erating and Air—Conditioning Engineers,2017.

[30] Walton G N.Thermal analysis research program reference
manual[R]. Gaithersburg: US Department of Commerce,
National Bureau of Standards,1983.

[31] Brzezicki M. The influence of reflected solar glare caused
by the glass cladding of a building: Application of caustic
curve analysis[J]. Computer-Aided Civil and Infrastructure
Engineering,2012,27(5):347-357.

Dynamic Analysis and Visualization Method for Photo-thermal Focusing of Building Curtain Walls
OUYANG Jinlong', LI Yueyang', GAO Qinglongl*, DING Hongya®

(1.College of Architecture and Environment, Sichuan University, Chengdu 610065, China;
2.China Southwest Architecture Design and Research Institute, Chengdu 610041, China)
Abstract:

Objective Due to the concave appearance, spatial layout, and mirror reflection characteristics of building curtain walls, photothermal focusing problems
frequently occur. Reflected sunlight and excessive solar radiation highly concentrated by concave curtain walls induce severe glare and deteriorate the
thermal environment around concave buildings, and can even cause burns to people or objects in the focused area or trigger fire hazards. Therefore, it is
critical for architects to rapidly observe and analyze photothermal focusing so that such problems can be effectively avoided through design adjustments
at the design stage. However, existing static calculation and simulation analysis methods exhibit limitations in three-dimensional building model establish-
ment, visualization of calculation results, and user friendliness for the primary decision-makers, architects, and thus fail to effectively support the optimiza-
tion of design schemes for buildings with concave curtain walls. Therefore, this study aims to develop a new method that enables architects to dynami-
cally simulate and calculate photothermal focusing of curtain walls during the design stage and to rapidly perform analytical evaluations.

Methods Based on the principle of mirror reflection and the corresponding ray tracing method, the causes of photothermal focusing induced by con-
cave building curtain walls were identified. The logical framework for dynamic simulation calculation and analysis of photothermal focusing in curtain
walls was clarified. Through theoretical derivation, calculation models for Ray Tracing and Sunny Day Solar Radiation were developed, and the corre-
sponding battery modules were prewritten in Grasshopper. Then, a new method was established by adopting Rhino, a drawing software widely used by
architects, as the modeling and visualization platform, while the modified Grasshopper served as the simulation and calculation engine. Since the Sunny
Day solar radiation model constituted the most important theoretical foundation of the proposed method, this model, along with its four calculation mod-
ules, namely the calculation module of dynamic geometric characteristics of the sun, the calculation module of solar radiation, the calculation module of

reflected radiation intensity of curtain walls, and the calculation module of solar radiation intensity and ground temperature in the focus area, as well as
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the associated formulas, was systematically and logically introduced in detail. Finally, the application of the proposed method in the simulation, calcula-
tion, and analysis of photothermal focusing problems in curtain walls was demonstrated step by step, and the results obtained for a case study building
using the proposed method were compared to field measurement results reported in previous studies and references.

Results and Discussions The newly developed method exhibited several advantages. First, by adopting Rhino as the modeling and visualization plat-
form, the method was highly accessible to architects, as the three-dimensional building models created in Rhino did not require reconstruction and could
be directly used for simulation. In addition, simulation results could be promptly transmitted back to Rhino, enabling the visualization of numerical re-
sults as graphical outputs, which allowed architects to observe potential scenarios associated with different design schemes and to efficiently analyze
photothermal focusing issues. Second, through the calculation module of dynamic geometric characteristics of the sun, the modified Grasshopper was
able to trace both direct and reflected rays from curtain walls, enabling the identification of whether photothermal focusing problems would occur, as
well as their timing and location, and the specific glass units responsible for their formation. Through the calculation module of solar radiation, the modi-
fied Grasshopper calculated the intensity of direct solar radiation at any time throughout the year. Through the calculation module of reflected radiation
intensity of curtain walls, the intensity of reflected solar radiation from curtain walls was determined. Through the calculation module of solar radiation
intensity and ground temperature in the focus area, the combined intensities of direct and reflected solar radiation on the ground within focus areas or
hotspots, as well as the corresponding ground temperature, were calculated. Overall, the proposed method enabled architects to observe the dynamic
evolution of photothermal focusing phenomena associated with different curtain wall design schemes over an entire year during the design stage and to
rapidly determine which design schemes would induce photothermal focusing, when and where such focusing would occur, how the focusing intensity
would evolve, and which curtain wall units would contribute to the focusing effect. Finally, comparisons between the simulation results of the case study
building at the Vernal Equinox and field measurement results further demonstrated that the proposed method allowed architects to obtain accurate and
comprehensive results efficiently, supporting improved decision-making aimed at avoiding or mitigating photothermal focusing problems induced by
buildings with concave curtain walls.

Conclusions The newly developed method utilizes Rhino as the modeling and visualization platform and a modified Grasshopper environment as the
simulation and calculation engine. This approach enables architects to adjust curtain wall design schemes in a timely manner to avoid photothermal fo-
cusing effects or to reduce focusing intensity during the design stage.

Key words: sun rays; concave curtain wall; solar radiation; focus area; visualization
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