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JiaYin is the General Director Manager and Chief

Technology Officer of Shanghai Elite Fagade Consultants.

He specializes in curtain wall design with expertise

in the field of energy saving of curtain wall and BIM
technology, and has participated in the delivery of high-
rise projects such as Shanghai Tower, Tianjin Jinwan
Hotel and Chinese Businessmen Financial Center.
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Abstract

From the perspective of the application of the high-rise envelope technology, this paper
attempts to quantify the effectiveness of passive measures, and provide the adequate basis for
architects'decision. A project in Wuhan is analyzed in this paper, and details are as follows:

1. Transparent curtain wall analysis
2. Opaque curtain wall analysis

3. Feasibility of various shading types
4. Building self-shading analysis

w

. Feasibility of all kinds of skylight

This paper makes a passive design and analysis for the space form, material and construction of
the high-rise envelope, and facilitates the architect’s decision.

Keywords: Passive Envelope; Shading; Building Self-Shading; Skylight
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Project Introduction

The name of the captioned project is Wuhan
Aqua City which is located in Jianghan
District. Wuhan lies in the middle and lower
reaches of Yangtze River, with a coordinates
range of 113°41'~115°05' Longitude and
29°58'~31°22Latitude. It belongs to a hot
summer and cold winter zone according

to the standard of climatic regionalization
for architecture. The south elevation of the
building faces 38 degrees east of south.

The project consists of commercial, offices
and apartments with a gross floor area of
213,934 m?. The podium is for commercial use
consisting of 11 stories with a roof elevation
at 57 m. The office tower lies south of the site
and is 54 stories high with a roof elevation

at 242.2 m.The apartments are on the
northern part of the site with 31 floors and

a roof elevation at 122.0 m. The total curtain
wall area is about 95,000 m?. Figure 1 is the
architectural rendering drawing of the project.
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Figure 1. Rendering Drawing of Wuhan Aqua City (Source: Mixstudio)
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Heat Transfer Distribution of Building Envelope of Different Ratio
of Window-Wall

Figure 2 shows that in terms of summer energy consumption, for
buildings with window-wall ratio( WWR) of 20%, solar heat gain is close to
that produced by thermal conduction, while indirect solar gain is about
3% of the total of the aforesaid two. As for winter energy consumption,
thermal conduction is one of the major factors while direct and indirect
solar heat gain are also favorable contributors, each is about 11% and
0.6% of energy consumption of thermal conduction respectively.

For buildings with WWR of 57%, direct solar heat gain is the major
factor in summer energy consumption. Energy consumption of
thermal conduction is about 51 % of direct solar heat gain while
indirect solar heat gain is around 0.7% of the sum of aforesaid two
factors. As for winter energy consumption, thermal conduction is the

major factor while direct solar heat gain and indirect solar heat gain are

favorable factors, each at 20% and 0.2% of thermal conduction.

If the project adopts a lower WWR, attention should be paid to thermal
conduction and shading of the wall during summer, with measures
attempting to reduce solar heat gain of the opaque wall. During winter,
the issue of thermal conduction of the wall should be adequately
addressed. For buildings with a higher WWR, shading of transparent

area is the focus during summer. In winter, thermal conduction still

plays a major role and direct solar heat gain is also a positive factor. If the
transparent area can both reduce solar heat gain in summer and increase
solar heat gain in winter, it will significantly contribute to energy saving.

Material Selection for Transparent Area

Glass

According to the previous analysis, regardless of whatever value of
WWR in this project, shading of transparent area is the main issue in
this case. Besides, attention should be paid to thermal conduction of
transparent area in winter particularly.

Among the six kinds of glass shown in Figure 3, High transparency
Low-E glass, Sun Low-E glass and Double silver low-E glass are
frequently used. Insulating glass with double air layer and double
glass with shading blinds in the air layer are less used because of their
relatively higher cost. The rare usage of ordinary double glass is due to
its incapability to meet the required thermal parameters.
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Ordinary Double Glass % i X 2 # 3% 2.7 0.75
High Tranparency Low-E glass & % ¥4 & Low—E 3 7 1.7 0.55
Sun Low-E glass A FHLow—E% 7 16 0.22
Double Silver Low-E Glass 32 4% 48 Low—E % ¥ 1.6 033
Insulating Glass with Double Air Layer %% 3 5 /n 5% 5, B 0.9 0.24
Double Glass with Shading Blinds Closed 3% [F # 5 4] 2.0 0.16
Blinds in the Air Layer
WEH B mE S B AR | Blinds Opened 3 FE A 4T 7 27 0.51

Blinds Packed Up i #2 29 0.55

Table 1. Parameters of glass
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Figure 2. Heat transfer distribution of building envelope of different ratio of window-
wall (Source: Jie Zhang)
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Figure 3. Direct solar gain of different kinds of glass (Source: Jie Zhang)
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Figure 3 shows that double glass with shading blinds in the air layer
delivers the best sun shading effect, followed by sun Low-E glass and
Insulating glass with double air layer. For buildings with a higher WWR in
Wuhan region, the main issue in summer lies in sun-shading rather than
U value of building envelope. Therefore, the aforesaid three types of glass
with lower shading coefficient achieve the best performance in summer.

In winter, ordinary double glass permits the highest level of sunlight,
with high transparency Low-E glass and double glass with shading
blinds in the next places. However, it should be clear that thermal
conduction is the main issue of Wuhan in winter while solar heat gain
is a secondary issue. In terms of energy saving in winter, insulating
glass with double air layer is most effective followed by high
transparency Low-E glass and double silver Low-E glass.

As illustrated by Figure 4, the ranking of annual energy consumption
of different kinds of glass is as follows: insulating glass with double
air layer < sun Low-E glass < double Silver Low-E glass < double glass
with shading blinds in the air layer < high transparency Low-E glass
< ordinary double glass. Energy consumption of insulating glass with
double air layer is 3.5% less than that of Sun Low-E glass, nonetheless
the price is almost 4 times higher.

Contribution of Curtain

As reflected from the previous discussion, sun Low-E glass is most
favorable for energy conservation, albeit it blocks the sunlight not only
in summer but also in winter. If we adopt high transparency Low-E
glass with curtain, it can block sunlight from entering interior space
in summer while transmit more sunlight in winter. Figure 5 illustrates
the comparison between the two kinds of glasses, demonstrating
that adoption of curtain reduces direct solar gain in summer. Figure 5
nonetheless shows that the cumulative energy consumption in
summer and winter of high transparency Low-E glass with curtain is
still higher than that of solar Low-E glass.

Applicability of Opaque Curtain Wall Material and its Construction
Analysis

Impact of Air Layer and Aluminum Foil

Indicated by Figure 6, when compared with the system “Aluminum

+ 50mm Insulation + 200mm Brick’, the indirect solar gain of system
"Aluminum + 60mm Air layer + 50mm Insulation + 200mm Brick”is
13.7% lower whereas system “Aluminum + 60mm Air layer + aluminum
foil + 50mm Insulation + 200mm Brick”is 30.1% lower.

Figure 4. Comparison of Monthly energy consumption of different kinds of glass
(Source: Jie Zhang)
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Figure 5. Comparison between High transparency Low-E glass with curtain and Sun
Low-E glass (Source: Jie Zhang)
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Figure 6. Impact of air layer and aluminum foil on indirect solar gain in opaque wall
system (Source: Jie Zhang)
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Figure 7. Impact of brick wall on indirect solar gain in opaque wall system (Source: Jie
Zhang)
P 7 4F 4% B [X Jsi At 38 % J8) 4 PR 48 A4 A B0 CR B TR AS)

Figure 8. Impact of Surface materials and Surface treatment on indirect solar gain
(Source : Jie Zhang)
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Impact of Brick Wall

In Figure 7, the lower left is the analysis of indirect solar gain of a wall
without a brick wall on the inside while the lower right is the analysis
of indirect solar gain of a wall with inner brick layer. Y axis represents
24 hours and X axis represents 12 months. Compared with the one
without a brick wall, the one with a brick wall postpones the indirect
solar gain up to 7 hours. In other words, indirect solar gain of a wall
system without a brick wall on the inside mainly takes place during
daytime, whereas for a wall system with an inner brick wall usually
takes place at night. For offices operated during the daytime, a wall
system with an inner brick wall helps to reduce energy consumption.
Moreover, the indirect solar heat transmitted through a brick wall to
interior space is only 17% of that aluminum panel, which means a brick
wall not only has a delayed effect of heat transfer but also substantial
depreciation of radiation.

Different Surface Materials and Surface Treatment

Absorption coefficient of different materials varies greatly: 0.25 for
silver aluminum panel, 0.91 for dark grey aluminum panel and 0.55

for polished granite. Applied to the same wall system, indirect solar
gain of the dark grey aluminum panel can reach 3.64 times as much as
that of the silver aluminum panel. Therefore, for buildings with lower
WWR, selection of surface material with lower absorption coefficient is
beneficial to energy efficiency in Wuhan region.

Figure 9. External shading coefficient of vertical louver system on facades (Source: Jie
Zhang)
E9 % Ll % E A R 3 Gk B K AR)

AZFLREZHEITUBERR LN, LRV EEE Low-EH
BRAFEETEB, ERARTRIAMRAEREZN AN
B, HAARMAEHER, AUNLEHRGERE, WFSHE
B, HR N EE A Low-EF & 3 FE F1 FAR Low-E o = 3 38

HE4T 0, ERNEREERE, 2EEENHETFN NP THE
<HEAA Low-EF ZFH B< WA LowEF R H B<F X W B<E %
Blow-EF ZFHB<LRB P T HIF, NP5 9 H HIEFEE Low-EF

TR IBREAMKLAZS5%, ENRILTE T4,

24 FE A7 oY 3Tk

JETE A o, PR BB MR . HREMAH
HEIMREEFESTEL, AFAFLLESEL. Haw
ARABEE ow-EF EHBMWEIAF, BFFUELERHEN
EA, MAZTUULESHIELRANEN., BSRBT ZFHEK
HfEL, RASRAWEMRRERT EFNARMLERSEH,
BEsSFHaRESN, LEAGTER owEHBEMEMFTFNAZEE
EFM AT REAKA S TEME Low-EH

e B 3 By AR B 3 R B

ERBESABNEN

B 6 41, AT 3mm4ABAR +50mm R i A% +200mm &% 45

L 3MMAE R +60mm & A, B +50mm A 18 4% +200mm A% 15 B 8] B2
FHE 58 4T 15 20 (K £913.7%, 17" 3mm 4B R +60mm= A B+48 6
+50mm PR IR AZ-+200mm B 3" #Y 8] B BE H 43 5T 15 A4 R K £930.1 %,

RSB

B7ET 7 AZAMEFREW &R EH T, & TH AR
BW AT, PRIRRE— KR40, BEREAI2NA . AT
BR+Z R BHRIEARHER, “BR+E R E+RIBA -+ 587 8]
BIEARRIERY7/N . BT ERME#ENERL, 7
BEEABARRIEAAR N TEAMA#EHER, H#E
AR EREEEFRIEE, ST AR LEA, K
/INT REAE. A ANE AR R E AR A B2 PE L AR AT R AR
BIRENT%, REREHBARNELERYN, TEFRABE
B T8 o

20144 CTBUH L 43 | 743



Applicability of Shading

External Shading Coefficient of Vertical Louver

Figure 9 hypothesize that fix vertical louvers are installed on the
external side of transparent area with blinds width of 250mm. Blinds of
louvers are placed perpendicular to the glass surface. According to the
analysis, facades facing 52 degrees south of east and 38 degrees south
of west achieve better shading effect when vertical louvers are installed,
with higher shading coefficient (0.83-0.94) in winter and a lower
shading coefficient (0.66-0.86) in summer. Application of vertical louvers
on fagades facing 38 degrees north of east and 52 degrees north of
west have poor effect since the louvers significantly blocks the sunlight
from entering the interior space in winter, especially 52 degrees north of
west whose winter shading coefficient appears to drop considerably.

External Shading Coefficient of Horizontal Shading

Figure 10 assumes that horizontal louver system is installed at the
top of transparent area with various cantilever dimensions. In analysis,
facades facing 52 degrees south of east and 38 degrees south of west
has better shading effect as winter external shading coefficient are
always higher than that of summer. In the case of facades facing 38
degrees north of east and 52 degrees north of west, winter external
shading coefficient are consistently lower than that of summer.
However, the solar radiation from the northeast and northwest
elevation in winter is much lower than that in summer and there is
minor loss of heat gain in winter. Application of vertical louver system
in these two directions is still beneficial for energy saving.

lllustrated by Figure 10, both vertical and horizontal louver system are
more feasible for facades facing 52 degrees south of east and 38 degrees
south of west in this project while vertical louver system is the most
effective with low external shading coefficient in summer. For fagades
facing 38 degrees north of east and 52 degrees north of west, application
of horizontal louver is acceptable whereas vertical louver is inapplicable,
particularly worst to the fagade facing 52 degrees north of west.

Figure 10. External Shading Coefficient of Horizontal Shading on Fagades (Source: Jie
Zhang)
P10 4 ST & AT 2 FEAR B9 Sh A PR 20 Ok B TRAR)
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Figure 11. Impact of different Architectural Arrangement on Summer External Shading
Coefficient of Skylight (Source: Jie Zhang)
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Architectural Self-Shading Analysis

[llustrated by Figure 11, in model 2, skylight 1 has the lowest shading
coefficient as the residential building partially block the light from the
west. Likewise, skylight 2 has the lowest shading coefficient in model
2 and model 4 as the residential building block most of the light from
the west. The lowest shading coefficient for skylight 3 takes place in
model 1 and model 3. Skylight 4 has the lowest shading coefficient

in model 3, as the residential building partially blocks the light from
the west for skylight 4. Overall, on the term of area weighted average
shading coefficient of the four skylights, the lowest is 0.89 in model 1,
while the highest is 0.92 in model 4.

Applicability of Different Types of Skylight

The upper left graphic in Figure 12 shows the cumulative direct solar
radiation of skylight 1 in summer. The other pictures show three
options for skylight. Option 1 adopts shading panels with fixed spacing
perpendicular to skylight. The height of louver changes according

to the variation of solar radiation. Through analysis, option 1 reduces
20% direct solar radiation compared with louver installed at a fixed
height. Option 2 arranges aluminum panel and glass panel as the
lower left picture in Figure 12.The area of aluminum panel and glass
varies according to the change of direct solar radiation. Option 2
reduces 18% of direct solar radiation compared to evenly distributed
composition of aluminum panel and glass blinds. Option 3 adopts
louvers with uniformly spaced, but use different angles in different
position. Option 2 3 reduces 27% of direct solar radiation compared to
louver all installed vertical to the skylight.

Conclusion

From the perspective of the application of the high-rise envelope
technology, this article, through the analysis of Wuhan Aqua project
based on the characteristics of local climate and the building shape,
examines the feasibility of self-shading, transparent and opaque

materials and models of skylight, and arrives at the following conclusions:

+ Window-wall ratio determines the heat transfer ratio of
different forms of heat transfer of envelope structure. For
buildings with higher ratio, summer direct solar gain and
winter heat conduction are the major contributors. As with
buildings with lower ratio, summer direct solar gain is equally
important as thermal conduction, while indirect solar gain
shall not be ignored. Winter conduction is the major factor of
energy consumption.

+ Through comparison of different types of glasses, Sun
Low-E insulated glass achieves the best performance for sun
shading. In terms of year-round energy consumption, Sun
Low-E insulated glass is second only to insulated glass with
double air layer, while the latter is far more expensive than the
former. In terms of energy consumption, Sun Low-E insulated
glass is moderately low compared to others. Therefore, Sun
Low-E insulated glass is the most appropriate material for the
transparent area of the project.

Figure 12. Options for Skylight 1(Source: Song Mo)
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+ The air layer and aluminum foil of the construction in opaque
area is instrumental in reducing indirect solar radiation; the
bricks in opaque area not only can postpone the effect of
indirect solar radiation, but also result in its considerable
depreciation; the surface material and finishes in opaque area
have great impact on indirect solar radiation, and the indirect
solar heat gain between dark color aluminum panel and bright
color can vary substantially.

« Both vertical louver and horizontal shading have stronger
feasibility on the southeast and southwest elevation of the
project; Given the effect, It is permissible to apply overhangs
shading on the building facing northeast and northwest, but
vertical louver is not applicable on these two orientations.

+ Since the podiums of the project are mostly with skylight,
model 1 of architectural arranges high-rises to the southeast
orientation, which is beneficial to the formation of shading for
skylight during summer.

« All 3 options of skylight layout have been adjusted in form
according to the condition of direct solar radiation, which
reduce direct solar radiation during summer under the
condition of same area of shading panel or glass panel.

- NEMFEBE LT UEY, EEE lowEFZHBEES

BRI B R RE. NS E, EEELowEFE
FENARTRFEZHE, ERNFSHENETRAET
A Llow-EF ZH H. 55EE Low-EF = 3 38 5 i [
B S A R A LR, BE A Low-E P 2 B TR Y Bk AR g
o 2 FE A Low-F H & 3% 38 & A T H % 97 X B4 3E 4
B AR

- ARE XA B P B R R A48 0 R PR R 1) B2 P L 4B A

AR AR B, 46 A X A3 R o R 3 T AU 18
Mt EA AR, TH e HA AEENER;

3 7 BA XS 9 Ak A A R ACEE A B R PR B AT R RO
B, BB L K GBI A 1A B OL AR AR T LAAR

EH M.

- ATHWABE 5@ 7 M, FHEMAMNSAFEBRE

PR BE; RS T AL A B R R AT PEAR B R
Y, BEHEMAEMEZITA T @HTEM.

- AMERFERSMRAT, ARHGETR KB ERE

ERE o, AATEEER KA R T ES

- ARV RAREELRMECERAAELRT HA L

BRI, AE (B B 0 P AR E AR 2K R 3 B AR R UL TR
DT EFNEERMES.

746 | CTBUH 2014 Shanghai Conference



	2
	3
	Zhang

