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India, China, US saw 70% rise in energy demand last year

The Ecovomic Times  Mar 26, 2019




SUSTAINABLE

PASSIVE
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Maximise EFFICIENCY Minimise ENERGY dependency



SUSTAINABLE METHODS

Solar energy Geo-thermal energy Passive systems



SUSTAINABLE METHODS

Opaque sections
of facade

Solar energy Geo-thermal energy Passive systems



Opaque sections

and outdoor environment

INACTIVE FACADE



Heat exchange system cmbed within fagade panels




RESEARCH QUESTION

How to a concrete facade panel with integrated heat exchange system

and optimize it's geometry to Wﬁiciency ?

maximise



TYPE OF PANEL & CONTEXT

HOW IS IT DESIGNED 7

LET’S DISCUSS

HOW IS IT MODIFIED FOR MAXIMUM EFFICIENCY ?

HOW TO FABRICATE IT ?




CONCRETE

e Economical

E Versatile



CONCRETE

Very high specific heat capacity and thermal conductivity

Source: http://www.greenspec.co.uk/building-design/ thermal-mass/

Water Air (250K) Concrete Brick Aircrete
Specific heat capacity 4200 716 1000 800 1000
(J/kg K)
Thermal conductivity

0.60 0.024 1,18 0.73 0.15

(W/mK)




CONCRETE

e Aluminum 270

Stainless steel
Steel

Glass

Portland cement
Reinforced concrete
Timber

e Bricks
=et Concrete

Aggregates

50 100 150 200 250 300

Low energy for production )
Production Energy [GJ/t]

N

Eliminate metal reinforcements

Source: Alsamsam, Lemay & Vanbeem (Z008)



CONCRETE

e Economical

E Versatile

e Very high specific heat capacity and thermal conductivity

High building performance

* Low energy for production

Source: Plummer et al (Z01F)

* LOWER IS BETTER

0.46

| 1 | 1 L ] 1

0.0 0.1 0.2 0.3 0.4 0.5 0.6 07

Type 1: Brick cavity wall

Type 2: Rainscreen with terracotta cladding
Type 3: Rainscreen with GFRC cladding
Type 4: Curtain wall

Type 5: Curtain wall with thermally broken framing

EEEEEN

Type 6: Rainscresn with terracotta cladding and thermal spacers

. Type 7: Rainscreen with terracotta cladding and thermal isolators

Total annual energy use for different analysed climatic zones

0.8
Btw/h-ft>-°F
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CONCRETE

’.‘.‘ High recyclable potential

Source: Ahmed (Z01E), Integrating building functions into massive external walls

TRADITIONAL EXPAND CLAY EXPAND GLASS AEROGEL AUTOCLAVED PERFORATED PERFORATED GRADIENT LAYERED FAGADE
MONOLITHIC CONCRETE CONCRETE CONCRETE AERATED CONC. CLAY FAGADE CLAY FAGADE CONCRETE
FAGADE FAGADE FACADE FAGADE FAGADE (unfilled) (filled) FAGADE
", v v N
0,25 025 0,25 0,25 0,25 | 025
- - - I - -
116 MJ/m?
% 100 MJim?
% 46 MJim?
12 MJ/m? 8 MJ/m? 5 MJIm? 5 MJ/m? 4 MJim? 8 MJ/m? 8 MJ/m?
7 \ i j ‘ 774 / I

Energy for recycling for different external walls (Egypt)
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FACADE PANEL

Twin wall system
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FACADE PANEL

Twin wall system
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FACADE PANEL

" Twin wall system

. Non- load bearing - Upgradability and serviceability

- Extended service life of building

I N N N |
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FACADE PANEL

" Twin wall system

. Non- load bearing - Upgradability and serviceability \

- Extended service life of building

A . .
K\ Fixed at 4 points




FACADE PANEL

Solar thermal
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Respond to Nature
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Solar thermal

Solar thermal
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SYSTEM

.- DAY C  NIGHT

Winters with cold nights and sunny days




SYSTEM

~ ! ’ *
=M. SUNRISE

Yoot

Summer with hot days and cooler nights



SYSTEM

Delhi, india

Composite ciimate

- 40w

K 04
10 m/s

39 m/S (safe loading)
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Keippen climate classification. Source: Wikipedia



SYSTEM

OFFICE TYPOLOGY
3000

40-60 %

/N
20 % 0 25 %

15 %

Double glass with an U-value of 3.3 W/m2K

Source: Didwania, barg, & Mathur (Z01])



LET’S DISCUSS
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SYSTEM - concept

Multiple branching --- increasing pressure drop
Long tubes --- higher pressure drop

No space for fixtures

Single long tube --- prone to blockage
Long tubes --- higher pressure drop

Minimum service.

27



SYSTEM - concept
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Spong3D Flow patterns Leaf venation

Heat transfer of water by convection Water flow & Pressure management Pressure mgmt.. & Geometry



SYSTEM - concept

LEARN from Nature
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SYSTEM - concept

VENATION

Parallel Veins
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SYSTEM - concept

Parallel Veins
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SYSTEM - concept




SYSTEM - concept




SYSTEM - concept

Inlet

Outlet




SYSTEM - concept

Inlet

External Panel

Outlet




SYSTEM - concept

External Panel Internal Panel



Conceptual network

Volume of network:

26.3 litres

Constrained by Structural system




STRUCTURAL SYSTEM

Fibre reinforced concrete

Reinforcement
mesh

Reinforcement
dowel

[t ]

Facade bracket



STRUCTURAL SYSTEM

Fibre reinforced concrete

Source: Solidian Grid Q142/147-00E-25, Source: Solidian £ (Z0/5)

o 3
Grey cement : Density: 2026 kg / m3 (author, by lab test)

. , . Compressive strength > 20 N/mm?
Fibre type: Glass fibre, 50 microns, 6mm long

Very high strength
Availability

Light weight
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STRUCTURAL SYSTEM

Fiber material : Carbon
Impregnation. : Epoxy Resin

Tensile strength. : 3,100 N/mm2

... . .

Reinforcement mesh

Very high strength, light-weight
Less concrete cover

Low embodied energy
Source: Solidian (Z015)



STRUCTURAL SYSTEM

Material
Impregnation
Diameter

Length

Reinforcement dowel

Source: Schick (Z0/15)

: Fiber glass
: Resin
12 mm

: 300 mm

Low embodied energy

Reinforcement mesh

Horizontal

,,,,,,,,,,,,,,,
reinforcement dowel
Diagonal

reinforcement dowel

777

Very high strength, light-weight

High thermal insulation



STRUCTURAL SYSTEM

=]

Facade bracket

Source: Technogrip (Z0/5)

Load carrying capacity :

8.5 kN (safety factor=3)

11.5 kN (safety factor=2)

Simple fixture

High load carrying capacity
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STRUCTURAL SYSTEM

Fixed to roof by technogrip hooked

—h
> e
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g
v —
v —h
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w \ ~a UDL by winday
g 4 \ B fixture
2B QN e
Reinforcement B
dowels act as fixed :
support for external [~
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Fixed to floor by technogrip hooked
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STRUCTURAL SYSTEM

* simulation does not consider reinforcement mesh

44



STRUCTURAL SYSTEM

Tilt-up crane handling and installation




STRUCTURAL SYSTEM

Tilt-up crane handling and installation

Solution:

* simulation does not consider reinforcement mesh

M
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STRUCTURAL SYSTEM

5
20]20 30 25

[ZIIIIIIIIG

Reinforcement mesh —

I

Reinforcement mesh
(concrete cover)

\/

]
%__

\/

Tube zone

I~

__INSIDE
"~ OUTSIDE

100

Section of single panel



STRUCTURAL SYSTEM

Analytical

74 bars

Simulation

74 bars

Horizontal bars: 68

Diagonal bars: 4

Company specifications

45 bars
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STRUCTURAL SYSTEM

introducing reinforcement dowels



STRUCTURAL SYSTEM

introducing reinforcement dowels introducing reinforcement dowels



STRUCTURAL SYSTEM

=10 133 g8
N

=100

introducing reinforcement dowels



STRUCTURAL SYSTEM

Designload = 670 N

Actual load =

kil
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Network Geometry 01

Volume of network:

20.63 litres

Constrained by Fabrication method

Pressure drop:

1167.96 Pa




LET’S DISCUSS




FABRICATION METHOD

Investment Casting

No. of Steps

131111 9 8




FABRICATION METHOD

Investment Casting

VOID network

+

External + 3D printedwax

internal formwork

1

Panel MASS

Solid cast with internal wax

Final
form work

2 3

Cast with concrete between

product
4 S

Melt out internal form work
both form work



FABRICATION METHOD

3D printing

VOID network

57



LET’S DISCUSS




OPTIMISATION - fluid flow

Focus: VOID network

Medium of fluid: Water

GOALS

Maximise volume
of fluid / tube

Maximised efficiency

Maximum heat exchange between panels

Minimise pressure drop

across inlet and outlet

Avoid blockage and maintenance
Minimise energy to pump fluid

Maximise number of exchange cycles



OPTIMISATION - fluid flow Step 01 Unify flow resistance of tubes

INLET

Increasing flow

resistance




OPTIMISATION - fluid flow Step 01 Unify flow resistance of tubes
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OPTIMISATION - fluid flow Step 01 Unify flow resistance of tubes

W, Lm — derived by design

WATER FLOW

Source: Alston & Barber (Z01F)

71C
Y
a
of | e
& @ | = - ox
W.

<R E
W. W, W,

o}
Al o B an s of L)
o oe o o o o o
- - = k-3 o - -

FLOW RESISTANCE

i

Lm Lm Lm

15 15 15 15 15 15 mm



OPTIMISATION - fluid flow Step 01 Unify flow resistance of tubes

W, Lm — derived by design

— W, _4;:;_%1

Lm, Lm Lm

Go. P Do Qo Pa P P

148 16 16.5 16.5 16 148 mm



OPTIMISATION - fluid flow Step 01 Unify flow resistance of tubes
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Network Geometry 02

Volume of network:
22.53 litres + 9.2 %

Pressure drop:

1167.96 Pa 5%




OPTIMISATION - fluid flow Step 02 Increase volume of tubes

Increasing volume
Increased solar heat capture
Increased efficiency

Frequentheatexchange schedules

Increased pressure drop




OPTIMISATION - fluid flow Step 02 Increase volume of tubes

Method 01 ‘
--------- P15mm
=(/)15mm
(?_515mm
1 S
: +85.5 %
increase in volume per tube

Elevation



OPTIMISATION - fluid flow Step 02 Increase volume of tubes

5
|

20 (20 30 25
A

Method 02

Reinforcement mesh —

Reinforcement mesh L
(concrete cover)

Tube (void)

Tube (void)

INSIDE

100

OUTSIDE

Section

Section



OPTIMISATION - fluid flow Step 02 Increase volume of tubes

OUTSIDE

5
|
20 (20 30 25
A
Method 02 |
I
I|
i ? o Reinforcement mesh ——ril
[ | ||
Reinforcement mesh L “,
(concrete cover) > ||
I
Tube (void) H .
I
Tube (void) “ Ly
|
w |
a |
n
Z |
- L
100
Section Section



OPTIMISATION - fluid flow Step 02 Increase volume of tubes

Method 02 -J -U
7

Section

Without INFILL

| 40°
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OPTIMISATION - fluid flow Step 02 Increase volume of tubes

Method 02 -J -U
7

—

L L

Section

30°

13"

With INFILL

45°

71



OPTIMISATION - fluid flow Step 02 Increase volume of tubes

Method 02 -J -U
5/ 40°

L L v

30° 13" 45°

Section

With INFILL
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OPTIMISATION - fluid flow Step 02 Increase volume of tubes

5
|
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Method 02
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increase in volume / per tube 100

OUTSIDE

Section



Network Geometry 04

Volume of network:

31.2 litres +51.4 %

Pressure drop:

1463.10 Pa +18.4 %




OPTIMISATION - fluid flow Step 03 Minimise pressure drop in tubes

Diameter of tube O O

Length of tube I |

Volume of geometry & &

Increase in pressure drop



OPTIMISATION - fluid flow Step 03 Minimise pressure drop in tubes

change in pressure drop

@15

¢ 15

®10

¢10

+ 75.6 %

@10

@10

+ 288.9 %

@10

) 15

-9.33 %

¢ 10

v
Y
¢ 15

+ 465.1 %

d10

||¢15

B15

+ 66.6 %
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OPTIMISATION - fluid flow Step 03 Minimise pressure drop in tubes

@10

@ 15

+92 %

change in volume

+116.34%

change in pressure drop

improvement in pressure drop



Network Geometry 05

Volume of network:

29.41 litres +42.7 %

Pressure drop:

1319.67 Pa + 6.8 %




OPTIMISATION - fluid flow Step 04 Minimise pressure drop at nodes
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OPTIMISATION - fluid flow Step 04 Minimise pressure drop at nodes



OPTIMISATION - fluid flow Step 04 Minimise pressure drop at nodes




OPTIMISATION - fluid flow Step 04 Minimise pressure drop at nodes



OPTIMISATION - fluid flow Step 04

GOAL: Minimise Pressure drop

Minimise pressure drop at nodes

Yoy by
!Ig:!’ﬁ;‘ i |

83



OPTIMISATION - fluid flow Step 04 Minimise pressure drop at nodes

change in pressure drop

-44 %

change in volume




OPTIMISATION - fluid flow Step 04 Minimise pressure drop at nodes

—— r

i"ﬁ" -

-

Fluid: Water @ 20°C
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OPTIMISATION - fluid flow Step 04 Minimise pressure drop at nodes

s

Fluid: Water @ 20°C

Fluid: Molten wax @ 117°C
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OPTIMISATION - fluid flow Step 04 Minimise pressure drop at nodes

. ] — |

E e — = —

L | |
—)

Fluid: Water + Wax Fluid: Water + Wax

—
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Network Geometry 06

Volume of network:

28.11 litres + 36.4 %

Pressure drop:

62.51 Pa -94.9 %




OPTIMISATION - performance

Focus: Fagade panel MASS

Material: Concrete

GOAL

1

Maximise thermal entrapment

+ Maximised heat-exchange efficiency of system

+ Faster exchange cycle



o1 A N IEYAN R [0\ T fe Ty E -0 Step 01 Maximise surface area

Q= kA|(T, -T)
t d

where,
Q/t = rate of heat transfer
Flat surface k = thermal conductivity of the material
T,-T, = temperature difference between the two materials

d = thickness of the material

Low surface area A = surface area

Direct radiation on surface



o1 A N IEYAN R [0\ T fela i E -0 Step 01 Maximise surface area

Flat surface Geometry Addition Geometry Subtraction

Low surface area
Direct radiation on surface Increased surface area Increased surface area

Self shaded to radiation Self shaded to radiation



o1 A N IEYAN R [0\ T fe Ty E -0 Step 01 Maximise surface area

Increased Surface area
Reduce mass
Structurally stable

Self shaded to radiation



(O AR INT:N R[] I -TalelinETI- I Step 01 Maximise surface area

External panel Internal panel

93



o1 A N IEYAN R [0\ T fela -0 Step 01 Maximise surface area

Non- constrained

Internal panel- Front view Internal panel- Back view Topology optimisation



o1 A N IEYAN R [0\ T fe Ty E -0 Step 01 Maximise surface area

External panel

Constraints for fagade bracket

Constraints for concrete cover

Internal panel

Constrained zones

95



o1 A N IEYAN R [0\ T fe Ty E -0 Step 01 Maximise surface area

11.5%

Increase in surface area
+

thermal exchange

—

12.5 %

Volume reduction

Load Path Criticality
Hj 1
l ~ 08
0.6

Target
04

0.2

0 Max.

Mass Ratior 100.00%
Approx. Mass: 1257457 kg

96



External panel

Zones of
. reinforcement dowels.._




o1 A N IEYAN R [0\ T fela -0 Step 01 Maximise surface area

20.7 %

Volume reduction

Constrained to flat inner surface

Load Path Criticality

1 Max.
08
06

o Target
& 04

02

0 Min.

Mass Ratio 100.00%
Approx. Mass: 1678.284 kg

98



Internal panel

Constrained to

flat inner surface ™.

Fagade brackets.




oI N IEYAN R [0\ BT {ela i E (- I Step 02 Surface Modification




oI N IEYAN R [0\ BT {ela i E (- I Step 02 Surface Modification

Constrained travel
+ 15 mm, Tmm STEPS
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oI N IEYAN R [0\ BT {ela i E (- I Step 02 Surface Modification

WINTER RAD. SUMMER RAD. SURFACE AREA

" —
-
-
-
-
-
~—-a_
-
-
-
-
~—a_
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

MAXIMISE
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oI N IEYAN R [0\ BT {ela i E (- I Step 02 Surface Modification

WINTER RAD. SUMMER RAD. SURFACE AREA

" —
-
-
-
-
-
~—-a_
-
-
-
-
~—a_
-
-

- a 5y

lg‘?»?« 2 "FJF"
| 4.5 &?!E'Ef;:'ﬁ‘:if s

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

MAXIMISE

IR S

/
5'7 O increase in surface area

with similar radiation performance
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oI N IEYAN R [0\ BT {ela i E (- I Step 02 Surface Modification

WINTER RAD. SUMMER RAD. SURFACE AREA

-
-
~—a_
-
~—-a_
-
-
-
-
~—a_
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

MAXIMISE

increase in surface area

Topology Opt. + Surface modification
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O AR INV:N R[] Il T-Ta{eli i ETI- I Step 03 Insulation

Fenestration

45.00

Glass panel :  Saint Gobain Planitherm
PLT T- Argon / 6-12-6

42.50
40.00
37.50

1.88 W/m?K

for fenestration 35.00

U=1.5W/m2K 32.50
) O ??jsn
g ~ 25.00
!g 5] 22.50
£ @ 20.00
oS £
Window section : Schuco AWS75 Sli+
U=1.2Wm2K
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O AR INV:N R[] Il T-Ta{eli i ETI- I Step 03 Insulation

Opaque section

45.00

42.50

40.00

| 37.50

2.43 W/m?K 25.00
32.50

with steel dowels 30.00

27.50
25.00
22,50

20.00

ECBC :0.63-0.40 Wim2K

ECBC +: < 0.40 Wm2K

Source: ECBC, Energy Conservation Building Code 106



O AR INY:N R[] IR T-Ta{elinETI- I Step 03 Insulation

Opaque section

45.00

5 times

40.00

, increase in insulating performance 37.50
2.43 W/m?K 0.47 W/m2K ;::g
with steel dowels with glass fiber dowels 30.00

27.50
25.00
22,50

20.00

ECBC :0.63-0.40 Wm2K
ECBC norms compatible
ECBC +: < 0.40 Wm2K

Source: ECBC, Energy Conservation Building Code (India) 107



O AR INY:N R[] IR T-Ta{elinETI- I Step 03 Insulation

Opaque section

Interior 21°C
0.47 W/m2K
e ] o o< soction
| Exterior 40°C

ECBC norms compatible

45.00
42.50
40.00
37.50
35.00
32.50
30.00
27.50
25.00
22.50
20.00

Source: ECBC, Energy Conservation Building Code (India) 108



O AR INY:N R[] IR T-Ta{elinETI- I Step 03 Insulation

Opaque section

Interior 21°C

0.47 W/m2K

N < soction

| Exterior 40°C

ECBC norms compatible

45.00

12 %

increase in insulating performance

42.50
40.00
37.50

ECBC+ norms compatible ™ 35.00

32.50
Interior 21°C 30.00
27.50
0.42 W/m2K 25.00
22.50
for opaque section 20.00
Exterior 40°C
109

Source: ECBC, Energy Conservation Building Code (India)



O AR INY:N R[] IR T-Ta{elinETI- I Step 03 Insulation

Opaque section

Interior 21°C

Exterior 40°C

Interior 21°C

ECBC norms compatible

ECBC+ norms compatible

Exterior 40°C

0.47 W/m2K

for opaque section

0.42 W/m?K

for opaque section

12 %

increase in insulating performance

Exterior 40°C
Interior 21°C

0.95 W/m2K

for wall section

45.00
42.50
40.00
37.50
35.00
32.50
30.00
27.50
25.00
22.50
20.00
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LET’S DISCUSS




FABRICATION METHOD Casting

WAX 3D printed Panel

formwork formwork
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Casting
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FABRICATION METHOD Melting

|+ @g - .

External + 3D printedwax Solid cast with internal wax Final

internal formwork form work product

1 2 3 4 5

Cast with concrete between Melt out internal form work

both form work
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FABRICATION METHOD Melting

Burning temp. > 290 °C
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FABRICATION METHOD Melting

Wax filament
100 °C Melting temp: 117 °C 120 °C
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FABRICATION METHOD Melting

Inference: Infill needed for hot water to pass through

117



FABRICATION METHOD Infill

High porosity Low strength

INFILL

Low porosity High strength



FABRICATION METHOD Infill

High porosity Low strength

0 % 10 % 15 % 20 %

INFILL

Low porosity High strength

119



FABRICATION METHOD Infill

High porosity Low strength

0 % 10 % 15 % 20 %

INFILL

Low porosity High strength
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FABRICATION METHOD

‘ Inlet
Pressure
i E — —— ] management valve
e 2 |
-
i —HH
External + 3D printedwax Solid cast with internal wax Final
internal formwork form work product
Cast with concrete between Melt out internal form work
both form work
= ——— Outlet
- — - - - — — = - — - = . = e m

Flow out exits

121



PERFORMANCE

@ Maximise surface area @ Maximise void volume @ Minimise pressure drop



PERFORMANCE

WINTER SOLSTICE

Source 01 =» Destination 01 > :Source 02 = Destination 02




PERFORMANCE INSTANCE 01

Time=0 min

35

30

25

20



PERFORMANCE INSTANCE 01

Time=0 min PANEL with MODIFIED SURFACE

36.8°C / |

|
5 +18.5% §
(
|
|
|

35

Increase in surface area

30

Temperature (°C), Domain Probe 01
)
o~

25

i i
0 200 400 600 800 1000 1200 1400  Time (min)

Morning Shift 0800-1600 hrs Evening Shift 1600-0000 hrs Night Shift 1600-0800 hrs

Panel with high surface area Flat surfaced panel 20

O Increase surface area
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PERFORMANCE INSTANCE 02

Time=0 min

35
30

25

20
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PERFORMANCE INSTANCE 02

Normal total heat flux (W/m?). Surface probe
(6a]

cJ
BR
2 frbpfX -
/ ; 20.6 litres
1 |
O 1 1 : 1 V\,—\T—,\‘_—/I\—/\—’I—\_—I
0 20 40 60 80 100 120 Time (min)

Tubular network geometry 01 Tubular network geometry 06



PERFORMANCE INSTANCE 02

20.6 litres

Normal total heat flux (W/m?). Surface probe
(6a]

O 1 1 E 1 1 1 1 1
0 20 40 60 80 100 120 Time (min)

Tubular network geometry 01 Tubular network geometry 06

. 3649 + 39.7 %

Increase in volume Increase in amount of heat transmittance

O Increase surface area O Maximise void volume



PERFORMANCE

96.8 W/m?2 per 0.5 hours

Without heat management

16.6 W/m? —

With heat management

Singh, Sartor & Ghatikar (2013)



PERFORMANCE

every 18 to 30 minutes

16.6 W/m? — for 2 working shifts

With heat management
(* Approximated)
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INSTALLATION

3-point Tilt-up lifting system
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INSTALLATION
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INSTALLATION
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INSTALLATION
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INSTALLATION

Brackets

High insulated water tank + pumps

PREFABRICATED FACADE SYSTEM



INSTALLATION




PANEL OPTION 01




PANEL OPTION 02
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INTERIOR OPTION 02




SUMMARY



CONCRETE, WATER, WAX

SUMMARY



SUMMARY

TWIN WALL SYSTEM + {:3.
¢

STRUCTURE =



WAX 3D PRINTING +

INVERSE INVESTMENT CASTING

BE

|

MM \\E_—ﬁﬂ

SUMMARY



SUMMARY

+ = > Q > >
MAXIMISING VOLUME +
I. + lll + ﬂ LJ > LJI
MINIMISING PRESSURE DROP



SUMMARY

@8-
I. + lll + ﬂ LJ > LJI
MAXIMISING SURFACE AREA . >» .




SUMMARY

i-ll-H ==
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IMPROVING INSULATION




PERFORMANCE

3

> £ > 3
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SUMMARY



1

2

Inactive facade

1300 kg Carbon footprint

CONCLUSION

/// 7



PROPOSED

oSO a0 A OO D

Active fagade
with heat exchange system
Harvests solar energy

Responds (0 local climate

Highly insulating

Saving material use

Carbon footprint reduction

Modular

Minimising energy needs of building

33 W/m2 /hr of heating

for two working shifts

18-30 minutes exchange cycle

0.95 W/m2, ECBC + compatible

618 kg of material reduction

77% reduction

4 Point mounting

Step to save the nature

CONCLUSION
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. Examine energy savings

. Effect of heat on pressure drop

. Non-planar fagade panels

. Commercial method

. Effective valuation

FUTURE PROPOSALS
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The future will be green, or not at all

Sir Jonathon Porritt, British environmentalist

Let's
Learn from nature
Respond to nature

Save the nature




Thank You



Thank You



SYSTEM - concept

Time=1000 min Surface: Temperature (degC)

FACADE WITH METAL CLADDING

2osl s
22

21.5 /
21 -

20.5/ y

20¢ i

19.5- / |

19 /

18.5¢ // 6 i

18r / |

Temperature (degC), External panel water

17.5¢

wh— —— 5
100 200 300 400 500 600 700 800 900
Time (min)

of



OPTIMISATION - performance [ESIe]o)\VA

Flat

external facade panel

Summer solar radiation

1713.72 kWh.m?

Winter solar radiation
4523.10 kWh.m?

Topology optimised
external facade panel

Summer solar radiation

1693.70 kWh.m?

Winter solar radiation
4360.16 kWh.m?

0800 hrs to 1800 hrs
facing South in Delhi, India

Surface Modification

-1.1%

decrease in summer

solar radiation

-3.6 %

decrease in wintersolar
radiation



Surface Modification

.

| N

2500

Topology optimsed external panel A segment of external panel

max. +15 mm

OCTOPUS in Grasshopper

1
|\\\
AN
« /\\/ «
A
AN,
W
-
Increase surface Surface rebuild Randomised nodes
area (5-7 %) shifting (0,1,15 mm)
in +y-axis

Extracting nodes Quad meshing
with Autodesk

ReCap Photo
161



Network Geometry 06

Network | Change in | Chanel | Tube Node Total Network|Change in TOtillre CI::r;gjr;n
Geometry| diameter |network |profile |optimisation| volume volume r:::p P drop

B
22.53 +9.2% 1167 .96
litres

1332.34

31.25 +51.4% | 1463.10
litres
+42.7 % | 1319.69
Pa

+ 36.4% 62.51
Pa
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625
6V e eTRa

56
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ErE

4180
2515

30+

e [V W

RCC Slab
Primary structure

Channel

Bolt

Adjustable facade bracket

Water channels

EPDM sealant
Rock wool insulation- low density
with vapour-barrier film

Fiber glass dowels

Promatect- Fire rated insulation

Window- Schuco AWS 75
EPDM

Cement board 10 mm thick

Rain water drip

Triple layered glass 4-12-4-12-4

Exterior sill cover plate- Schuco

Stone sill finish

[@ film
Steel section fitted to panel
34 X 30 mm, 2 mm thick

G963 380006%0 0,

690

*110+110-

%67

C film
Water pump housing
Water tank- UPVC

Fibre reinforced Concrete
Finish Skirting

Floor plates

Sill cover plate

Footing

Butyl rubber damping sheet
and water sealant

Promatect fire grade insulation-
key insert

SECTION

300 ——=+

420

2740
1900

550

Ahe ERE
o
|
|
o T
! .
‘ 8
8
‘ 3
I
I
el ol
Lo
aA e 1%a [t
Lo o ~
o o
e
“lole Qs
: o s

LT

S A

ZO?L 1 20#1 007&‘1 OOJ‘

Promatect-
Fire rated insulation
lined with vapour-barrier film

Installation tolerance
@ 40mm edge to edge

Inner finish

Cement board 10 mm thick

Wood finish

Double / Triple layered glass
4-12-4-12-4

Exterior sill cover plate- Schuco

Window- Schuco AWS 75

Rock wool insulation-
low density

Tubular water channels

Fibre glass dowels

Main building structure
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SYSTEM - concept

Spong3D Inference: Heat transfer of water by convection

Sarakinioti, Turrin, Konstantinou, & Tenpierik (2018)
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SYSTEM - concept
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Flow patterns Inference: Water flow in small diameter tubes & Pressure management

Omebere- lyari & Azzopardi (2007)
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SYSTEM - concept
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Flow patterns

Omebere- lyari & Azzopardi (2007)
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Inference: Fluid flow
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SYSTEM - concept
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Leaf venation Inference: Pressure management & Geometry
Alston & Barber (201B)



SYSTEM
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Summer with hot days and hot nights
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