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Revisions

Rev 01 Initial issue of calculations XXXXXXXX

This report is a confidential document

[t has been produced by Facade Engineering and Analysis Services Limited, specifically for the
Client referenced on the title page of this document.

The contents must not be disclosed to any other party without the permission, obtained in
writing, of Facade Engineering and Analysis Services Limited.

If such permission is sought and agreed then the report must be copied in its entirety.

Facade Engineering and Analysis Services Limited shall not, under any circumstances, be liable
for any reliance by any party, other than the Client, on the information contained within this
Report.

This report is provided strictly subject to Facade Engineering and Analysis Services Limited
standard terms and conditions and does not form a guarantee or warranty of performance.
Nothing in this report confers or purports to confer on any third party any benefit or the
acceptance of any third-party liability by the Contracts (Rights of Third Parties) Act 1999.

This document provides an assessment of the thermal performance only and does not indicate
or contain assessments of the facade suitability regarding any other aspects, including but not
limited to, structural and fire resistance. These must be assessed by the client and their
specialist engineers
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Summary

This calculation document has been compiled to demonstrate the thermal performance
i.e. U value of the typical curtain wall screens to be installed at XXXXXXX project in
XXXXXXX.

The calculation has been undertaken on behalf of XXXXXX and relates to their calculation
request number E1614-CR-001.

Facade examined is as shown on drawing XXXXX

The calculated U value for the glazed curtain wall screen with vent is 1.5 W/m?K.
The calculated U value for the non-vision curtain wall screen is 0.68 W/m?K.

The calculated mean U value for the curtain wall screens is 1.1 W/m?K.

The above values satisfy the project specified targets of 1.6 W/m?K

Note,

The temperature range used in this document is 20°C (0-20) and has been utilised for
the purposes of U value calculations only. For the ranges analysed for fagcades the U
value is independent of the temperature range.

Expression of results.

From BR 443: “Conventions for U-value calculations” section 6.

The final result should be rounded to two significant figures (to two decimal places if
the value is less than 1.0, one decimal place if more than 1.0). Round to the nearest
value, with 1 to 4 being rounded downwards, and 5 to 9 being rounded upwards. The
final value has been expressed as such.
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Appendix A

FEA

Frames

Glass

Weather Strip Thermal Break

Sealant & Glass Edge

Material Properties For Use In Thermal Analysis According To EN ISO 10077-2

Material

Copper
Aluminium
Brass

Steel

Stainless Steel
Fibreglass
Hardwood
PVC rigid
Softwood

Soda Lime

Polycarbonate

PMMA

Insulation (for frame calcs)

Polyethylene HD
Polyethylene LD
Polyamid reinf.
Polyamid nylon
Polypropylene reinf.al m
PU resin

Polypropylene sol.

PVC rigid

Silicone pure
EPDM

Neoprene

PVC flexible
Mohair sweep
Elastomeric foam

Polysulphide
Silicone pure

PU rigid

Butyl hot melt
Polyisobutylene
Polyester resin
Silicone foam MD
Silica gel

Silicone foam LD
Molecular sieve

Boundary Conditions.

Exterior
Adiacbatic

kg/m?3
8900

2800
840
7800
7900
1900
700
1390
500

2500
1200
1180

980
920
1450
1150
1200
1200
910
1390

1200
1150
1240
1200

60-80

1700
1200
1200
1200
930
1400
820
720
750
650-750

W/mK
380

160
120
50
17
0.4
0.18
0.17
0.13

1

0.2
0.18
0.035

0.5

0.33
0.3

0.25
0.25
0.25
0.22
0.17

0.35
0.25
0.23
0.14
0.14
0.05

0.4

0.35
0.25
0.24
0.2

0.19
0.17
0.13
0.12
0.1

W/m?K  oC W/m?K
25 Interior 20 7.7
0 Interior (reduced con.) 20 5
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Appendix B
Component values used in overall U values analysis.

Glazed elements - centre U values.
Manufacturer provided DGU centre pane value = 1.0 W/m?K

Edge Effects

Unit edge spacers are assumed to be Chromatech Ultra F.

Edge effects of glazed infill items are included in the frame bar values.

Material thermal used for the spacers has been verified to provide the same { value as
indicated in the suppliers literature when used in a thermally broken aluminium
window section.

Frame bar U values obtained be Finite Element Analysis in Appendix C
0 Jamb detail vent = 2.956 W/m?K

Mullion detail vent / fixed glass = 3.616 W/m?K
Jamb detail fixed glass = 4.206 W/m?K

o

o O

Jamb detail fixed panel PA2 = 4.334 W/m*K

Mullion detail vent PA2 / fixed glass = 4.217 W/m?K
Jamb detail fixed panel PA1 = 3.189 W/m?*K

Mullion detail PA1 = 3.616 W/m?*K

Transom detail PA1 / vent = 3.395 W/m?K

o O

o

o O

Transom detail PA1 / glass = 5.019 W/m?K
Transom detail vent / PA2 = 2.979 W/m?*K
0 Transom detail PA1 / PA2 = 3.981 W/m2K

0 Transom detail glass / PA1 = 5.088 W/m?K
0 Jamb detail fixed GT3 = 4.322 W/m?*K

0 Transom detail GT3 / PA1 =5.029 W/m?K

0 Transom detail PA1 / GT3 = 4.286 W/m?K

o

Finite element analysis undertaken by Calvin Norton / Jack O’Brien.
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Appendix C

Finite element analysis of framing members to assess thermal performance.

2D analysis method.

The following thermal analysis was undertaken using “FLIXO ver 8” 2 dimensional
Finite Elemental Analysis software.

This software has been developed by Infomind for 2 dimensional steady state thermal
simulation and this produces constant and reliable analysis of constructions generating
thermal performance data and frame U-values according to EN ISO 10077-2.

FLIXO is a thermal analysis program for steady state heat transfer in two-dimensional
objects consisting of different materials and submitted to different boundary conditions.
The geometry is defined by association of the colours with the physical properties of
materials and defining boundary conditions.

FLIXO calculates a triangulation for the material colours. The system nodes are located
in the triangle vertices. The temperatures in the nodes are calculated, from which all
heat flows can be derived.

FLIXO allows calculation of thermal quantities as defined by European standards:
including temperature factor, linear thermal transmittance, thermal transmittance of a
window frame, psi values, UF’s and UT]J values.

These simulations benefit from incorporation of Infomind’s radiation module for
additional accuracy in analysis by calculating infrared radiation and convection in a
more realistic manner than FLIXO alone.

Material properties such as thermal conductivity (A values) used in these calculations
have been taken from EN 10456:2007, BS EN ISO 10077-2:2017 or directly from the
Infomind material database.

In addition specific product thermal conductivity values may be taken from suppliers’
own literature in the case of the material not being specifically included in the British or
EN Standards.

The equivalent thermal conductivities of ventilated and unventilated air cavities are
calculated by the software in alignment with the applicable direction of heat flow in
accordance with BS EN ISO 10077-2:2017.

The analyses assume steady state heat flow and therefore any thermal mass effect of
any adjacent construction or building component has not been considered.

Glazing thermal models were analysed using the 'single assessment' method as outlined
in BSEN ISO 12631:2012: "Thermal performance of curtain walling. Calculation of

thermal transmittance".

The framing U-values (UT]) include both the effect of the edge spacers and the reduced
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performance in the glazing or infill. Therefore the framing U-values in this report cannot
be directly compared to 'Uf' U-values which are derived from a thermal model
incorporating an insulating board as the infill.

Analysis output.

Information taken from the resulting software studies and included within the
individual analysis includes.....

e Diagrams indicating calculated U values.

e Diagrams indicating assigned thermal conductivity values according to
appropriate materials and boundary conditions.

¢ Thermal gradient diagrams indicating temperature across the examined
assembly.

¢ Energy flux diagrams indicating energy flow through the section.

Glazing edge material thermal conductivity values used within these calculations have
been verified to give the same conductivity performance values stated by the
manufacturer’s simplified 2 box method values when assessed in a thermally broken
window frame.

FEASL utilise a fully constructed edge detail rather than the 2 box method for all
thermal calculations.

Whilst the 2 box method is allowable for U value calculations they should not be used
for condensation risk analysis as stated in ISO 13788

Various simplified methods have been developed to allow the calculation of realistic
thermal transmittances of complete windows taking account of multi-dimensional heat
flows through the frame and spacer between the panes of double glazing.

While these will give accurate heat flows, surface temperatures will be seriously in error
and they should not be used to estimate the risk of condensation.

As such, for consistency, FEASL utilise simulated edge details as “drawn” spacer rather
than the simplified 2 box method for all models.



Frame bar U value analysis.

Jamb detail vent

U value calculation diagram
Material thermal conductivity diagram.
Temperature gradient diagram.

Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 2.956 W/m?K including the edge effects of
the glazed elements.

Equivalent Frame U Value Calculation

Visual external width of frame (Ag) = 0.157 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (Uy) used in FEA = 0.44 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

m

W/m’K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

10.922 W/m
U value of composite Uy, =Qtot / (A, X DT)
Upe = 10922 / 0.3465

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0.439 x 0.19
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q= 0 x 0
Heat Transfer through frame Q= Quo¢ - Q- Qg

Q= 10922 - 1.6682
Equivalent Frame U Value (Uy) = Qf / AfDT

Ug= 9.2538 / 0.1565

20

20

20

20

U=

1.57605 W/m’K

1.6682 W

ow

9.2538 W

2956486 W/m’K

2.956 W/m’K




U value calculation

FEA

-

L 156.50 190.00
&
@ = -10.922 W/m
P
o - Usb 10922 - ) 439.0.190
U AT 20.000 296 W/n'K)
= = = . m-
s b, 0.157
31/10/2017

\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ Gilllllliiili-e\U-Value\01 Jamb vent.flx

flixo frame 8.0.921.1

0L'6L
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Material Thermal Conductivity Diagram

Material MW/(mK)] e
M Aluminium (Si Alloys) 160.000 0.300
B Aluminium (Si Alloys) 160.000 0.900
M Ajluminium alloy 160.000 0.300
B Aluminium alloy 160.000 0.900
M eppoMm (ethylene propylene diene monomer) 0.250 0.300
| Y (ethylene propylene diene monomer) 0.250 0.900
0 Mineral wool 0.035 0.900
= pvcu (polyvinylchloride), rigid 0.170 0.900
I pvC-U (polyvinylchloride), rigid 0.170 0.300
B polyamid (nylon) 0.250 0.300
B polyamid (nylon) 0250 0.900
Slightly ventilated air cavity **
Undefined Material 0.010 0.900
Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop
2 o 2
Boundary Condition q[W/m ] 6[ C] R[(m-K)/wW] ¢
B Epsilon 0.3 0.300
M Epsilon 0.9 0.900
|| Exterior, zero 0.000 0.040
[ | Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
[ | Symmetry/Model section 0.000
31/10/2017

\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ Gisigsfimmmere\U-Value\01 Jamb vent.flx

flixo frame 8.0.921.1



FEA

" 3

Thermal Gradient Diagram

 20.0 °C
- 12.0°C
- 0.0°C

31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\gijgigsfigmare\U-Value\01 Jamb vent.flx

flixo frame 8.0.921.1



Heat Flux Diagram

31/10/2017

\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ Ciiiijiilie \U-Value\01 Jamb vent.flx

flixo frame 8.0.921.1

FEA




Frame bar U value analysis.

Mullion detail vent / fixed glass

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 3.616 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

16.860 W/m
U value of composite Uy, =Qtot / (Ao X DT)
Ui = 1686 / 0.5375 x

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0439 x 019 x
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q= 1 x 019 x
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 16.86 - 1.6682
Equivalent Frame U Value (Ug) = Qf / AfDT

U= 113918 / 01575 x

20

20

20

3.8

20

Visual external width of frame (A) = 0.158 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 0.44 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

Ug=

0.190 m

1.00 W/m*K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

1.56837 W/m’K

1.6682 W

11.3918 W

3.616444 W/m’K

3.616 W/m’K




79.70

U value calculation

190.00

FEA

157.50 190.00

, B U = 1.000 W/(m"-K)
U=0.439 W/(m -K) @ =-16.860 W/m
@
o - Ub U b 16860 1 439.0.190 - 1.000-0.190
AT 20.000

- = 3.62 W/(m K)

TJAB

31/10/2017

b 0.158

f

\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ gl e¢\U-Value\02 mullion vent.flx

flixo frame 8.0.921.1
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Material Thermal Conductivity Diagram

Material AW/ (m-K)] e

M Aluminium (Si Alloys) 160.000 0.300

B Aluminium (Si Alloys) 160.000 0.900

B Aluminium alloy 160.000 0.900

B Buyl 0.240

M eppoMm (ethylene propylene diene monomer) 0.250 0.300

| Y (ethylene propylene diene monomer) 0.250 0.900

I Edelstahl 17.000
Gasfilling(1) 0.020

0 Mineral wool 0.035 0.900

[ | Polyamid (nylon) 0.250 0.900
Polycarbonat 0.240

B polysulfid 0.400 0.900
Silicagel 0.130
Slightly ventilated air cavity **

M Sodalime glass 1.000 0.900
Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

2 o 2

Boundary Condition q[W/m ] 6[ C] R[(m-K)/wW] ¢

I Epsilon 0.3 0.300

B Epsilon 0.9 0.900

|| Exterior, zero 0.000 0.040

[ | Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200

[ | Symmetry/Model section 0.000

31/10/2017

\\FEA-DESKTOP-1\Users\Jack\Documents\ working docs\llllll§flire\U-Value\02 mullion vent.flx

flixo frame 8.0.921.1
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-

Thermal Gradient Diagram

e 20.0 °C
12.0°C

0.0°C

31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ Cgiggiisie \ U-Value\ 02 mullion vent.flx

flixo frame 8.0.921.1
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Heat Flux Diagram

31/10/2017

\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ Gimsigafismm-e\U-Value\02 mullion vent.flx
flixo frame 8.0.921.1




Frame bar U value analysis.

Jamb detail fixed glass

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 4.206 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

9.268 W/m
U value of composite Uy, =Qtot / (A X DT)
U = 9.268 / 0255 x

Heat Transfer through glazed element Q,= U, x A, x DT

Q= 1 x 0.19 x
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 0 x 0 x
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 9.268 - 3.8
Equivalent Frame U Value (U = Qf / AfDT

U= 5468 / 0.065 x

20

20

20

20

U

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 1.00 W/m’K Glass (Ug")=

Temperature difference DT = 20 K

m

W/m*K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

1.81725 W/m’K

ow

5.468 W

4206154 W/m’K

4.206 W/m’K
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U value calculation

L 65.00 L 190.00
@ = -9.268 W/m
@
- Ub 9268 1 000-0.190
AT 20.000 2
U = = = 421 W/(mK)
gl b 0.065

31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ Gigigsfimmmmre\U-Value\ 03 Jamb glass.flx

flixo pro 8.0.922.1

08'0€
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Material Thermal Conductivity Diagram

Material AMW/(m-K)] e

M Aluminium (Si Alloys) 160.000 0.300

B Aluminium (Si Alloys) 160.000 0.900

B Aluminium alloy 160.000 0.900

M suyl 0.240

M croMm (ethylene propylene diene monomer) 0.250 0.900
Edelstahl 17.000
Gasfilling(8) 0.020
Mineral wool 0.035 0.900

M pvcu (polyvinylchloride), rigid 0.170 0.900

[ | Polyamid (nylon) 0.250 0.900
Polycarbonat 0.240

| Polysulfid 0.400 0.900
Silicagel 0.130

B sodalime glass 1.000 0.900
Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

2 o 2

Boundary Condition q[W/m] [ C] R[(m-K)/W] €

I Epsilon 0.3 0.300

B Epsilon 0.9 0.900

- Exterior, zero 0.000 0.040

- Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200

[ | Symmetry/Model section 0.000

31/10/2017

\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ (MlllllllJiill-c\ U-Value\03 Jamb glass.flx

flixo pro 8.0.922.1
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Thermal Gradient Diagram

31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\ working docs\ (illllll-e\U-Value\03 Jamb glass.flx

flixo pro 8.0.922.1
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Heat Flux Diagram

i
M
I

31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\Cjysigsfismme \U-Value\03 Jamb glass.flx

flixo pro 8.0.922.1



Frame bar U value analysis.

Jamb detail panel PA2

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 4.334 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

9.958 W/m
U value of composite Uy, =Qtot / (A X DT)
Uy = 9.958 / 0.255 x

Heat Transfer through glazed element Q,= U, x A, x DT

Q= 1138 x 019 x
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q= 0 x 0 x
Heat Transfer through frame Q¢= Qy; - Q,.Qy

Q= 9.958 - 4.3244
Equivalent Frame U Value (Ug) = Qf / AfDT

U= 56336 / 0.065 x

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')= m
U value of glazing (U,) used in FEA = 1.14 W/m’K Glass (Ug")= W/m’K
Temperature difference DT = 20 K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

20 = 195255 W/m’K
20 = 43244 W
20 = ow
0 = 56336W

20 = 4333538 W/m’K

Uy

= 4334 W/mK
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-

U value calculation

65.00 190.00

U= 1.138 W/(m"-K)

® = -9.958 W/m

9958 1.138-0.190
AT £ 23.000 ' '

U = = = 333W/(m K
" b 0.065 /(mK)

31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ Ci il \ U-Value\ 04 Jamb PA2.flIx

flixo pro 8.0.922.1

08'0€
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Material Thermal Conductivity Diagram

Material MW/(meK)] e
M Aluminium (Si Alloys) 160.000 0.300
B Aluminium (Si Alloys) 160.000 0.900
B Aluminium alloy 160.000 0.900
| Y (ethylene propylene diene monomer) 0.250 0.900
¥ Mineral wool 0.035 0.900
M pvcu (polyvinylchloride), rigid 0.170 0.900
[ | Polyamid (nylon) 0.250 0.900
Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop
2 o 2
Boundary Condition q[W/m ] 6[ C] R[(m-K)/wW] ¢
B Epsilon 0.3 0.300
M Epsilon 0.9 0.900
|| Exterior, zero 0.000 0.040
|| Interior, normal, 23 deg 23.000 0.130
| Symmetry/Model section 0.000
31/10/2017

\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\/jiiiiiiiire\U-Value\04 Jamb PA2.flx

flixo pro 8.0.922.1
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Thermal Gradient Diagram

31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ (sl e\ U-Value\04 Jamb PA2 flx

flixo pro 8.0.922.1
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Heat Flux Diagram
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31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\ Giiiiiiie\U-Value\ 04 Jamb PA2.flx

flixo pro 8.0.922.1



Frame bar U value analysis.

Mullion PA2 adj glass

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 4.217 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

13.607 W/m
U value of composite Uy, =Qtot / (Ao X DT)
Ui = 13.607 / 0445 x

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 1138 x 019 x
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q= 1 x 019 x
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 13.607 - 4.3244
Equivalent Frame U Value (Ug) = Qf / AfDT

U= 54826 / 0.065 x

20

20

20

38

20

Visual external width of frame (A) = 0.065 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 1.14 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

Ug=

0.190 m

1.00 W/m*K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

1.52888 W/m’K

4.3244 W

5.4826 W

4217385 W/m’K

4.217 W/m’K




FEA

U value calculation

190.00 65.00 190.00

U = 1.000 W/(m"-K)

,30.80

2
U=1.138 W/(m -K) A
’ & =-13.607 W/m
@
13.607

o UabaUgb, L 1.000-0.190 - 1.138-0.190

A 20.000 :
Upw = = = 422 W/(m K)
A b 0.065
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FEA

Material Thermal Conductivity Diagram

Y
Material AMW/(m-K)] e
M Aluminium (Si Alloys) 160.000 0.300
B Aluminium (Si Alloys) 160.000 0.900
[ | Aluminium alloy 160.000 0.900
M suyl 0.240
M croMm (ethylene propylene diene monomer) 0.250 0.900
I Edelstahl 17.000
Gasfilling(2) 0.020
Mineral wool 0.035 0.900
B Polyamid (nylon) 0.250 0.900
Polycarbonat 0.240
B polysulfid 0.400 0.900
Silicagel 0.130
B sodalime glass 1.000 0.900
Unventilated air cavity **
**ENISO 10077-2:2017, 6.4.3 /anisotrop
2 o 2
Boundary Condition q[W/m] [ C] R[(m-K)/W] €
I Epsilon 0.3 0.300
B Epsilon 0.9 0.900
- Exterior, zero 0.000 0.040
- Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
[ | Symmetry/Model section 0.000
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FEA

" 3

Thermal Gradient Diagram

 20.0 °C
- 12.0°C
- 0.0°C

31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\me\U-Value\OS Mullion glass adj PA2.flx

flixo pro 8.0.922.1



FEA

Heat Flux Diagram
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Frame bar U value analysis.

Jamb detail fixed panel PA1

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 3.189 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (Ap) = 0.19 m Glass (Ag')= m
U value of glazing (U,) used in FEA = 0.19 W/m’K Glass (Ug)= W/m’K
Temperature difference DT = 20 K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =
4.879 W/m

U value of composite Uy, =Qtot / (A X DT)
Uy= 4879 / 0255 x 20 = 0.95667 W/m'K

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0.193 x 019 x 20 = 0.7334 W
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 0 x 0 x 20 = ow
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Qs= 4879 - 0.7334 - 0 = 4.1456 W
Equivalent Frame U Value (U = Qf / AfDT

U= 41456 / 0065 x 20 = 3188923 W/m’K

U= 3.189 W/mK




T
m
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U value calculation

L 65.00 L 190.00
@ = -4.879 W/m
o - Usb 879 ) 193-0190
AT 20.000 .
U = = = 319 W/(m K)
n b 0.065
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Material Thermal Conductivity Diagram

Material AW/ (m-K)] e
M Aluminium (Si Alloys) 160.000 0.300
B Aluminium (Si Alloys) 160.000 0.900
B Aluminium alloy 160.000 0.900
M croM (ethylene propylene diene monomer) 0.250 0.900
8 Mineral wool 0.035 0.900
I pvC-U (polyvinylchloride), rigid 0.170 0.900
B polyamid (nylon) 0.250 0.900
Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop
2 o 2
Boundary Condition q[W/m ] 6[ C] R[(m-K)/wW] ¢
I Epsilon 0.3 0.300
B Epsilon 0.9 0.900
B Exterior, zero 0.000 0.040
| Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
[ | Symmetry/Model section 0.000
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Thermal Gradient Diagram
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Heat Flux Diagram
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Frame bar U value analysis.

Mullion detail fixed panel PA1

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 3.616 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 0.19 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

6.168 W/m
U value of composite Uy, =Qtot / (A X DT)
Ut = 6.168 / 0445 x 20 =

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0.193 x 0.19 x 20
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 0.193 «x 019 x 20 =
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 6.168 - 0.7334 - 0.7334

Equivalent Frame U Value (Ug) = Qf / AfDT

U= 47012 / 0.065 x 20 =

U=

0.190 m

0.19 W/m*K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

0.69303 W/m’K

0.7334 W

0.7334 W

4.7012 W

3.616308 W/m’K

3.616 W/m’K
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U value calculation

190.00 65.00 190.00

181.00

U=0.193 W/(m"-K)

U=0.193 W/(m"-K) A
' @ =-6.168 W/m
® Ub -U- 6.168
gl gl e e - 0.193:0.190 - 0.193:0.190
AT 20.000

2
U = = = 3.61W/(m K
. 0065 /(m"K)
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Material Thermal Conductivity Diagram

Material AW/ (m-K)] e
M Aluminium (Si Alloys) 160.000 0.300
B Aluminium (Si Alloys) 160.000 0.900
M Ajluminium alloy 160.000 0.300
B Aluminium alloy 160.000 0.900
M eppoMm (ethylene propylene diene monomer) 0.250 0.300
M croM (ethylene propylene diene monomer) 0.250 0.900
= Mineral wool 0.035 0.900
I8 Mineral wool 0.035 0.300
[ | Polyamid (nylon) 0.250 0.900

Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

2 o 2
Boundary Condition q[W/m | 6[ C] R[(m-K)/w] €
Epsilon 0.3 0.300
Epsilon 0.9 0.900
Exterior, zero 0.000 0.040
Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
Symmetry/Model section 0.000
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Thermal Gradient Diagram
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Heat Flux Diagram
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Frame bar U value analysis.

Transom detail fixed panel PA1 / vent

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 3.395 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

Visual external width of frame (Ag) = 0.158 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 0.19 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

13.097 W/m
U value of composite Uy, =Qtot / (A X DT)
Ut = 13.097 / 0.5375 x 20 =

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0.193 x 0.19 x 20
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 0439 x 019 x 20 =
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 13.097 - 0.7334 - 1.6682

Equivalent Frame U Value (U = Qf / AfDT

U= 106954 / 01575 x 20 =

U=

0.190 m

0.44 W/m’K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

1.21833 W/m’K

0.7334 W

1.6682 W

10.6954 W

3.395365 W/m’K

3.395 W/m’K
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Material Thermal Conductivity Diagram

Material AMW/(mK)] e
M Aluminium (Si Alloys) 160.000 0.300
B Aluminium (Si Alloys) 160.000 0.900
B Aluminium alloy 160.000 0.900
| Y (ethylene propylene diene monomer) 0.250 0.900
[ Mineral wool 0.035 0.900
M polyamid (nylon) 0.250 0.300
B Polyamid (nylon) 0.250 0.900
[ | Slightly ventilated air cavity **

Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

2 o 2
Boundary Condition q[W/m ] 6[ C] R[(m-K)/wW] ¢
Epsilon 0.3 0.300
Epsilon 0.9 0.900
Exterior, zero 0.000 0.040
Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
Symmetry/Model section 0.000
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Thermal Gradient Diagram

10 11 12 14 15 16
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FEA

Heat Flux Diagram
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Frame bar U value analysis.

Transom detail fixed panel PA1 / glass

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 5.019 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

11.058 W/m
U value of composite Uy, =Qtot / (A X DT)
U = 11.058 / 0445 x

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0.193 x 019 x
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 1 x 019 x
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 11.058 - 0.7334
Equivalent Frame U Value (U = Qf / AfDT

U= 65246 / 0.065 x

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 0.19 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

20 =

20

20 =

38

U=

0.190 m

1.00 W/m*K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

1.24247 W/m’K

0.7334 W

6.5246 W

5.018923 W/m’K

5.019 W/m’K




U value calculation L 181.00 L
o
U=0.193 W/(m"-K) 8
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o
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o
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©
2 ®
U=1.000 W/(m -K) ©

30.80

® o 11.058
U AT 2= 20,000
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Material Thermal Conductivity Diagram

Material AMW/(mK)] e
M Aluminium (Si Alloys) 160.000 0.300
B Aluminium (Si Alloys) 160.000 0.900
B Aluminium alloy 160.000 0.900
B Buyl 0.240
M croMm (ethylene propylene diene monomer) 0.250 0.900
I Edelstahl 17.000
I Gasfilling(1) 0.020
0 Mineral wool 0.035 0.900
B Polyamid (nylon) 0.250 0.900

Polycarbonat 0.240
B polysulfid 0.400 0.900

Silicagel 0.130
M sodalime glass 1.000 0.900

Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

2 o 2
Boundary Condition q[W/m ] 6[ C] R[(m-K)/wW] ¢
Epsilon 0.3 0.300
Epsilon 0.9 0.900
Exterior, zero 0.000 0.040
Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
Symmetry/Model section 0.000
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Thermal Gradient Diagram
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FEA

Heat Flux Diagram
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Frame bar U value analysis.

Transom detail vent / PA2

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 2.979 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

Visual external width of frame (Ag) = 0.158 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 0.44 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

15.378 W/m
U value of composite Uy, =Qtot / (A X DT)
U = 15.378 / 0.5375 x 20 =

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0.439 x 0.19 x 20
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 1138 x 019 x 20 =
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 15.378 - 1.6682 - 4.3244

Equivalent Frame U Value (Ug) = Qf / AfDT

U= 93854 / 01575 x 20 =

U=

0.190 m

114 W/m’K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

1.43051 W/m’K

1.6682 W

4.3244 W

9.3854 W

2979492 W/m’K

2.979 W/m’K
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U value calculation 79.70
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Material Thermal Conductivity Diagram

Material A[W/(m-K)]
Aluminium (Si Alloys) 160.000
Aluminium (Si Alloys) 160.000
Aluminium alloy 160.000
EPDM (ethylene propylene diene monomer) 0.250
Mineral wool 0.035
Polyamid (nylon) 0.250
Polyamid (nylon) 0.250

Slightly ventilated air cavity **
Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

Boundary Condition q[W/m7] ©['C] R[(m-K)/W]

Epsilon 0.3

Epsilon 0.9

Exterior, zero 0.000
Interior, frame, normal 20.000
Interior, frame, reduced 20.000
Symmetry/Model section 0.000
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Thermal Gradient Diagram

1 468 11 15

5915

e 20.0 °C
- 12.0°C
- 0.0°C

31/10/2017
\\FEA-DESKTOP-1\Users\Jack\Documents\_working docs\“re\U-Value\lO Transom vent.flx

flixo pro 8.0.922.1



FEA

Heat Flux Diagram
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Frame bar U value analysis.

Transom detail PA2/ PA1

U value calculation diagram
Material thermal conductivity diagram.
Temperature gradient diagram.

Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 3.981 W/m?K including the edge effects of
the glazed elements.

Equivalent Frame U Value Calculation

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (Ag) = 0.19 m Glass (Ag')= 0.190 m
U value of glazing (Uy) used in FEA = 1.14 W/m’K Glass (Ug")= 0.19 W/m’K
Temperature difference DT = 20 K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =
10.233 W/m

U value of composite Uy, =Qtot / (A X DT)

Ugy= 10233 / 0445 x 20 1.14978 W/m’K
Heat Transfer through glazed element Q,= U, x A, x DT
Q= 1138 x 019 x 20 = 43244 W

Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 0193 x 019 x 20 = 0.7334 W
Heat Transfer through frame Q¢= Qy, - Q. Qg

Q= 10233 - 43244 - 0.7334 = 5.1752 W
Equivalent Frame U Value (Ug) = Qf / AfDT

U= 51752 / 0.065 x 20 = 3980923 W/m’K

U= 3.981 W/m’K
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U value calculation 30.8(]t
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Material Thermal Conductivity Diagram

Material AW/ (m-K)]

Aluminium (Si Alloys)

Aluminium (Si Alloys)

Aluminium alloy

Aluminium alloy

EPDM (ethylene propylene diene monomer)
Mineral wool

Polyamid (nylon)

Unventilated air cavity **

**EN IS0 10077-2:2017, 6.4.3 /anisotrop

160.000
160.000
160.000
160.000
0.250
0.035
0.250

Boundary Condition q[W/m7] ©['C] R[(m-K)/W]

Epsilon 0.3

Epsilon 0.9

Exterior, zero 0.000
Interior, frame, normal 20.000
Interior, frame, reduced 20.000
Symmetry/Model section 0.000
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Thermal Gradient Diagram
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FEA

Heat Flux Diagram
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Frame bar U value analysis.

Transom detail glass/ PA1l

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 5.088 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 1.00 W/m’K Glass (Ug")=

Temperature difference DT = 20 K

11.148 W/m
U value of composite Uy, =Qtot / (A X DT)
Ugy= 11148 / 0445 x 20 =

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 1 x 019 x 20 =
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 0.193 «x 019 x 20 =
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 11.148 - 38 - 0.7334

Equivalent Frame U Value (Ug) = Qf / AfDT

U= 66146 / 0.065 x 20 =

U=

0.190 m

0.19 W/m*K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

1.25258 W/m’K

0.7334 W

6.6146 W

5.088154 W/m’K

5.088 W/m’K
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Material Thermal Conductivity Diagram

Material AMW/(mK)] e
M Aluminium (Si Alloys) 160.000 0.300
B Aluminium (Si Alloys) 160.000 0.900
M Ajluminium alloy 160.000 0.300
B Aluminium alloy 160.000 0.900
B suyl 0.240
| Y (ethylene propylene diene monomer) 0.250 0.900
I Edelstahl 17.000
[ Gasfilling(3) 0.020
0 Mineral wool 0.035 0.900
B Polyamid (nylon) 0.250 0.900

Polycarbonat 0.240
B polysulfid 0.400 0.900

Silicagel 0.130
B sodalime glass 1.000 0.900

Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

2 o 2
Boundary Condition q[W/m ] 6[ C] R[(m-K)/wW] ¢
Epsilon 0.3 0.300
Epsilon 0.9 0.900
Exterior, zero 0.000 0.040
Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
Symmetry/Model section 0.000
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Thermal Gradient Diagram

135710
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FEA

Heat Flux Diagram
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Frame bar U value analysis.

Jamb detail fixed glass spandrel GT3

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 4.322 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

6.603 W/m
U value of composite Uy, =Qtot / (A X DT)
Ut = 6.603 / 0255 x

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0259 x 019 x
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 0 x 0 x
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 6.603 - 0.9842
Equivalent Frame U Value (U = Qf / AfDT

U= 56188 / 0065 x

20

20

20

20

U

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 0.26 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

m

W/m*K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

1.29471 W/m’K

0.9842 W

ow

5.6188 W

4322154 W/m’K

4.322 W/m’K
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U value calculation

L 65.00 L 190.00
® = -6.602 W/m
6.602
AT U-b - 0.259-0.190
20.000 2
U = = = 432 W/(m K)
" b 0.065
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Material Thermal Conductivity Diagram

Material AMW/(mK)] e
M Aluminium (Si Alloys) 160.000 0.300
B Aluminium (Si Alloys) 160.000 0.900
B Aluminium alloy 160.000 0.900
B Buyl 0.240
M croMm (ethylene propylene diene monomer) 0.250 0.900
I Edelstahl 17.000
I Gasfilling(1) 0.020
0 Mineral wool 0.035 0.900
M pvcu (polyvinylchloride), rigid 0.170 0.900
B Polyamid (nylon) 0.250 0.900
Polycarbonat 0.240
B polysulfid 0.400 0.900
Silicagel 0.130
[ | Slightly ventilated air cavity **
M Sodalime glass 1.000 0.900

Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

2 o 2
Boundary Condition q[W/m ] 6[ C] R[(m-K)/wW] ¢
Epsilon 0.3 0.300
Epsilon 0.9 0.900
Exterior, zero 0.000 0.040
Interior, frame, normal 20.000 0.130
Interior, frame, reduced 20.000 0.200
Symmetry/Model section 0.000
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Thermal Gradient Diagram
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FEA

Heat Flux Diagram

LT
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Frame bar U value analysis.

Transom detail GT3 / PA1

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 5.029 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 0.26 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

8.255 W/m
U value of composite Uy, =Qtot / (A X DT)
Ugy= 8255 / 0445 x 20 =

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0.259 x 0.19 x 20
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 0.193 «x 019 x 20 =
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 8255 - 0.9842 - 0.7334

Equivalent Frame U Value (Ug) = Qf / AfDT
Us= 6.5374 / 0.065 x 20 =

U=

0.190 m

0.19 W/m*K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

0.92753 W/m’K

0.9842 W

0.7334 W

6.5374 W

5028769 W/m’K

5.029 W/m’K




FEA

U value calculation L 131.00 L U= 0.250 W/ (Mz_K)
/
—
O
o
=)
(=]
@ = -8.255 W/m
o
[3;]
=)
o
L
—
(L]
o
=)
o
-
7 181.00 7
@
8.255
—— -U-b -U_b . . i .
AT a0 Uyb, 20,000 0.193-0.190 - 0.259-0.190 2
U = = = 5.03 W/(m -K)
m b 0.065
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Material Thermal Conductivity Diagram

Material AW/ (m-K)]
M Aluminium (Si Alloys) 160.000
B Aluminium (Si Alloys) 160.000
B Aluminium alloy 160.000
B Buyl 0.240
M croMm (ethylene propylene diene monomer) 0.250
I Edelstanl 17.000
[ Gasfilling(2) 0.020
0 Mineral wool 0.035
| Polyamid (nylon) 0.250

Polycarbonat 0.240
B polysulfid 0.400

Silicagel 0.130
| Slightly ventilated air cavity **
B sodalime glass 1.000

Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

0.300
0.900
0.900

0.900

0.900

0.900

0.900

0.900

Boundary Condition q[W/m7] ©['C] R[(m-K)/W]

Epsilon 0.3

Epsilon 0.9

Exterior, zero 0.000
Interior, frame, normal 20.000
Interior, frame, reduced 20.000
Symmetry/Model section 0.000
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Thermal Gradient Diagram

1 12 13 14
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FEA

Heat Flux Diagram
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Frame bar U value analysis.

Transom detail PA1/ GT3

e U value calculation diagram
e Material thermal conductivity diagram.
e Temperature gradient diagram.

e Heat flux diagram.

Finite element analysis undertaken using FLIXO version 8 software.

Summary.

FEA

The analysis shows that the frame U value is 4.286 W/m?K including the edge effects of

the glazed elements.

Equivalent Frame U Value Calculation

Visual external width of frame (Ag) = 0.065 m
Visual external width of glazing (A,) = 0.19 m Glass (Ag')=
U value of glazing (U,) used in FEA = 0.19 W/m’K Glass (Ug)=

Temperature difference DT = 20 K

7.286 W/m
U value of composite Uy, =Qtot / (A X DT)
Ugy= 7286 / 0445 x 20 =

Heat Transfer through glazed element Q,= U, x A, x DT

Q.= 0.193 x 0.19 x 20
Heat Transfer through glazed element Qg' = Ug' x Ag' x DT

Q.= 0.258 x 019 x 20 =
Heat Transfer through frame Q¢= Q¢ - Q4. Qy

Q= 7.286 - 0.7334 - 0.9804

Equivalent Frame U Value (Ug) = Qf / AfDT

U= 55722 / 0.065 x 20 =

U=

0.190 m

0.26 W/m*K

Using Bisco 10.0 Finite Element Analysis heat transfer through composite section (frame + glazing) =

0.81865 W/m’K

0.7334 W

0.9804 W

5.5722 W

4286308 W/m’K

4.286 W/m’K
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U value calculation L 181.00 L
o
U=0.193 W/(m"-K) 8
8
@ = -1.286 W/m -
o
[3;]
=)
o
%o
©
®
o

7 131.00 7
@
Ub .U 7.286
ar - VaPaUnby Jo00g  0-258:0.190 - 0.193-0.190 z
u, = = = 429 W/(m K)
K b 0.065
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Material Thermal Conductivity Diagram

Material AW/ (m-K)]
M Aluminium (Si Alloys) 160.000
B Aluminium (Si Alloys) 160.000
B Aluminium alloy 160.000
B Buyl 0.240
M croMm (ethylene propylene diene monomer) 0.250
I Edelstanl 17.000
[ Gasfilling(2) 0.020
0 Mineral wool 0.035
| Polyamid (nylon) 0.250

Polycarbonat 0.240
B polysulfid 0.400

Silicagel 0.130
| Slightly ventilated air cavity **
B sodalime glass 1.000

Unventilated air cavity **
**EN IS0 10077-2:2017, 6.4.3 /anisotrop

0.300
0.900
0.900

0.900

0.900

0.900

0.900

0.900

Boundary Condition q[W/m7] ©['C] R[(m-K)/W]

Epsilon 0.3

Epsilon 0.9

Exterior, zero 0.000
Interior, frame, normal 20.000
Interior, frame, reduced 20.000
Symmetry/Model section 0.000
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Thermal Gradient Diagram

13 14 15
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FEA

Heat Flux Diagram
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