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Population growth causes
environmental problems....
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Intensification of urbanization enhances
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RESEARCH PROBLEM

USE  of renewable sources is a necessity




USE  of renewable sources is a necessity
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Implementation of solar systems O
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PV panel
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RESEARCH QUESTION

How can the proposed PV-chimney technology be designed, optimized

and integrated on a multi-floor building envelope by maintaining the
basic functions of the facade and high aesthetic values and improving the

energy performance of the building?
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LTS CONSTRUCTION EVALUATION

How can the proposed PV-chimney technolooy be designed, optimized

and integrated on a multi-floor building envelope by maintaining the
basic functions of the facade and high aesthetic values and improving the

energy performance of the building?
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DESIGN ALTERNATIVES
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DESIGN ALTERNATIVES




FULL CLOSED MASK

The system as part of the cladding
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PV-CHIMNEY SCALE
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node1: Tglass
'node2: Tair
node3: Tpv

, node4: Twater
node5: Tair_out

node6: Twater out
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SCALES DIFFERENT HEIGHTS AND WIDTHS
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Chimney dimensions: Chimney dimensions:

| x 3o m

Chimney dimensions:
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DIFFERENT VENTS
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VENT O VENT | VENT 2 VENT 3
Vent dimensions: Vent dimensions: Vent dimensions:

No ventilation 09 or33x 0,05 m 09 or 33 % 0. m 090r33x0.5m



DIFFERENT DEPTHS

T f
DEPTH 1 VENT 2

Depth: Depth:

0.2 m 0.4m



o CAVITY
- TEMPERATURE

o PVTEMPERATURE

- PRESSURE

DIFFERENCE
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METRODOLOGY

TEMPERATURES PRESSURE DIFFERENCE

AT
Q=0 AP = pgh—
qconvection = aconvection ( Eheet '7;1'r) AIR FI_I]W
radiation = Xradiation ( Eheet] 'Y;heetZ) 2AP

Q=AesrCa |7~

qconduction = acondiction ( T, materiall -T, materia]?)

AIR VELOCITY

24P

/ Qsun V= p
-<«—— Qconv_glass-air
<—— Qrad_glass-pv

Qconv_glass-out «—— O




RESLLTS
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Summarizing...
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CONCLUSION
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DESIGN IMPLEMENTATION




FACADE CONGEPT




FACADE CONGEPT
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DESIGN

PV/T-LHIMNEY

o FLODOR CHIMNEY
o MASKDESIGN

o ADDITIONAL ELEMENT



PV/T - chimney solution

Height:  4.30m

Width: ~ 0.8lam

Depth: - with PV/T: 0.24 m
- cavity: 0.1 m

Vents: 0.072 m?
Glazing: - single 0.08 mm
- g-value: 0.9

Structure: aluminum

PV: ColarBlast ( black 13% effic.)
PV/T: -cooper pipes 12 mm diam.

-cooper plate 3 mm
Insulation:  Rockwoaol
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DESIGN DESICIONS

o VENTS
o DEPTH
o BGLAZING

o PV/T



DESIGN DESICIONS

PERFORMANCE
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DESIGN DESICIONS

PRACTICE
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DESIGN DESICIONS
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DESIGN DESICIONS

PERFORMANCE bLAZING LOST DELIVERY TIME




DESIGN DESICIONS

Highly transparent tempered glass
Encapsulant material - EVA
Photovoltaic solar cells
Encapsulant material - EVA

- Insulating back sheet

Junction box



$l2

Usualin conventional PV/Ts
Market availability
Bending tools

PV/1

Thermal collector

GOOD thermal properties

BETTER distribution

ENHANCE heat transfer

ENHANGE absorption

+ mare water

+ INSULATION



DETAILING



connection of the PV/T-chimney unit

with the window unit

DETAILING

[. Spider _glass to

g!ass connectars

2. Safety glass 8mm

-g-value:0.9

3. Permanent aluminum
vents (0.08x0.46m)

4. Rockwool Insulation

A=0.035 W/mK

5. Schuco Prafile (331990)

6. Spandrel panel
~thick. 226mm

-Rockwool
-A=0.035 W/mK

7.Color Blast PV cladding
-thick. [Dmm
-black colour

8. Cooper pipes and plate

-pipes 12 mm diameter
-cooper plate Smm

9. PV/T-chimney structure

aluminum frame

0. Color Blast PV cladding
-thick. 10mm




DETAILING

1
L] I
sl

PV module

Juction box

| L-profile (hanging system of PVs)

Cooper plate 3mm

Cooper pipes @l2mm

Coaper bracket
Copper pipe
Countersunk screw
Caoper plate

—r

Copper pipe
Saltering by tin
Cooper plate

Cooper plate
Copper pipe

Flexible pipe




ASSEMBLY

facade spandrel panel

[

FAYiY

T

aluminum frame

R T I

cooper pipes

& &

glass box






PROTOTYPE




EXPERIMENT



TOOLS




EXPERIMENTAL SETUP




Anemometer Thermocouple's
measurements points measurements points

middle PV J
middle CAVITY | ‘
middle GLASS ‘
x|: 435m inlet / autlet PV
9 inlet/ outlet CAVITY | PV surface |
X£: U.8Zm OUT of the inlet/outlet inlet/outlet
X3: 0.46m
x4: 0.90m
xa: 0.62m
xB: 145m




MEASLREMENTS

SULAR IRRADIANGE-ELECTRICITY
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AIR VELOCITY
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CONCLUSIONS

Bottom part follows the Tambient
Top part Tis influenced by the air input

[3°C max difference from ambient

Tpv max: 72°C

o Bottom part:
follows the air input with
lower values

o Top part:
Fluctuated -turbulence

o Qutlet: till 1.3m/s



COMPARISON WITH SIMULATIONS

Tair [*C]

Time: anemometer thermocouples stationary calc.
900 | ] 401 a4
-IEEI ha 4, 'I; Temperature +/-
1200 4B.7 524 47 -

Air >
Velocity
time:  anemometer stationary calc. Air velocity +/-

900 | 12 115 0.05-0.6m/s
1000 | i .4
T T’
1200 4 2
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EVALUATION




METHOD

v

E=Ax+1+H * PR Q=m (Tout-Tin)*Cp*A

Where: Where:

E= Energy (kWh) Q= power (kW)

A=Total solar panel Area (m?) Tin=the temperature of the supplied fluid
r=solar panel yield (%) Tout= the final temperature

Cp = Heat capacity (KJ/kgK)
A= supply surface area (m?)
m=p*Volume/A*t

H = Annual average irradiation on tilted panels (shadings not included) *

PR = Performance ratio, coefficient for losses (range between 0.9 and 0.5, default value = 0.75)
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COMPARISON
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CONCLUSIONS

N |
o IMPORTANT |osses due to high o The thermal gains are higher than the
temperatures (>03°C) losses of electricity
o 30% annual losses due to product -good to investigate the thermal
choice losses due to the connection of the

system with the HVAC system
o [2% losses due to the system
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CONCLUSIONS

o The system seems to have positive sign

o To make sure that the system can be part of the future net positive energy strategies,
a lot more parameters should be investigated

o [perational losses
o Embodied energy
o Energy footprint



lesson to be learn......

Product design:

o Formation of the architectural inventions
¢ Physics confirmation
o Practical inventiveness

¢ Economic, technical and time effectiveness

m) conceptual phase
m) simulation phase
= product development phase

m) construction and assembly phase
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Thank you for your attention

Prof. Dr. Andy van den Dobbelsteen
Dr. Regina.M.J. Bokel
Loheir Haghighi



