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v Recently developed

v Solves 2D and 3D time dependent HAM transport equations.

v Benchmarked against existing hygIRC-2D and experiments

¥ Unlike other hygrothermal models, hygIRC-C has the following
new features:

» CFD capability to model drainage cavities, airspaces, cracks,
efc... as well as aerodynamics on buildings

» Heat transfer by radiation through airspace enclosures of
building envelope

» Runoff due to wind driven rain on facades
» Model Phase Change Materials (PCMs)
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~ hygIRC-C MoG&l ey _
Examples of Numerical Simulations Conducted Using 2D and 3D hygIRC-C: hygIRC-C Model om)
1. hygIRC-C vs hygiRC

2. Wetting and Drying of Cladding Systems

3. Moisture Assessment of Cladding Systems

4, Drying of Ventiiatad Wall Cavities » A new module for predicting the risk for mould growth will be
5. Evaluating Wall Energy Rating (WER) implemented in hygIRC-C.

6. Thermal Performance of Skylight Devices (ASHRAE -RP1415) » hygIRC-C will be used to predict the performance of the whole
7. Foundation Wall Systems with Fured-Alrspace Assembly building.

8. Insulated Co g Foam (ICF) Wall systems
9. Wall Systems with Reflactive insulations

10, Performance of Roofing Systems

11. Aerodynamics on Buildings

12. Thermal Performance of EIFS Wells with Drainage Cavities

13, Hygrothermal Performance of Samples Used in Curen! Mould Experiments

14. Phase Change Materials (PCMs) s @ HDCinnce 2014 @ 111 Cadermce 114
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Modes of heat transfer in the
foil bounded to EPS insulation
and furved - airspace assembly:
> Conduction,

-» Convection, and

-> Radiation

i conv
radiation
conduction

Low Emissivity Foil
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Vertical Arspace

H =17, 88 172", T,y = 22°C,
1

Foli emissivity can increase due to
dust accumulation and/or water
vapour condensation

Foli faced insulations are
considered as iow vapour
permeance products
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o To minimize the risk of condensation and moisture accumulation in the
building envelope, the NBCC, sec 9.25 addresses the properties and
positions of insulation materials serving as vapour barrier and having
water vapour permeance (WVP) lower than 80 ng/(Pa.s.m?)

o Thermal Insufation industries submitted CCR-802 to revisit the current
requirements in sec 9.25 and include other thermal insulations with
different WVP and R-values

o The CCR-802 project started In January 2014 and the new

requirements will bg included in the 2015 NBCC .me-mzou

o CCR-802 project (Clients: 4 industries + Canadian Building
Code Centre)

o Project Title: Properties and Position of Materials in the
Building Envelope for Housing and Small Buildings

For more information:

ftp://s00275.cisti.nrc. in - -
11/Separate_Files/11.07.2.f%20L ow%20Permeance%20Mate
rials.pdf
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OBJECTIVES

Q Benchmark hygIRC-C model

O Conduct parametric study in order to develop
practical correlations for determining the effective
R-values of enclosed airspaces with different:

> Dimensions (aspect ratios),

» Average temperatures,

» Temperature differentials,

» Direction of heat transfer, and
» Wide Range of emissivity

0O Test R-value correlations
@ r e 14
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Predicted R-Value (m?K/W)

Wall Cavity was filled by:
»Glass Fibre
»>Open cell SPF
»Closed cell SPF (partially)
14

Comparison of predicted R-values with the
measurements at AP = 0 Pa for 2x6 Walls (with
’and without penetrations)

Ty
Uncertainties of the "[B'/-
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Glass Fibre

'i Glass Fibre {138 mm thick)

{138 mm think}
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~ Within 1.2%

Surface-to-Surface R-Value {t* hr *F/BTU)

i

Measured

24.08
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: All dimensions are in mm — i =
Wall with no Furring (c) Wall with Vertical
(Reference) Furring Furring

Investigated the effect of the furring
orientation on the thermal performance

Used hygIRC-C model to

predict the thermal
performance of wall
systems with different
types of reflective
insulations and account for
the effect of infiltration and
fitration under difierent

EPS(76.2 mm)
with Foll with
low Emissivi
(0.06) facing the
Furred-alr space

‘Wood furring
193 64 mm
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Test Method: ASTM
(a) Foil emissivity = 0.2

1 Test Conducted at NRC
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(2) Temperature (T) contours: Tu,, = 26.76°C, Ty, = 21.22°C
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(b) Foil emissivity = 0.9
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EPS(12°212°x17)
AlrCaviy (87 x8°x1%) | g ] s

EPS{12°x12°x 17}

»v
X u

Gravity

Model was used to investigate the effect of:
» Inclination angle
» Direction of heat flow (upward and
downward)
> T,yg & AT across the specimen

EPs{12°x12°x1")

Alr Caviy (67X 8°% 1°) | gy I s

EPS(127x12°x 1%}
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(n) Heated from feft, 8 =9 07, V T(nsax) = 35.4 movs, IV 4 (mas) = 354

;\“‘“ Gravity

Foil Emissivity = 0.05
Ty=351°C & T, =12,7°C

= 16.7 mm/s, W (max) = -20.4 mavs
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Effect of height of vertical cavity on its R-value

D AL L0 L 0 00 . 0 LS L

4 40 mm thick [Varticat Cavity with different haights and 40 mm thick 1=
42 1Caso W 4 Tppp, 2-178°C and AT = 11.4°C | T

®  ASHRAE Handbook (2008 .
R-vaiie ks Independent on the height

———— H =98 Inch f
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simulation models (Energy+, Esp-r, DOE)

Handbook of Fundamentals
https:/sites.
-page)

» R-value correlations can be implemented in energy

* Proposed to ASHRAE TC4.4 be included in the ASHRAE

/ashraetc44/home/han
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Companson between the correlation Companson between the correlation
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O hygIRC-C model was benchmarked against experimental data
obtained using ASTM C-1363 and ASTM C-518
O Using ASTM C-518 as is resulted in underestimating the R-
value of reflective insulations
Q Conducted parametric study in order to develop practical
correlations for determining the effective R-values of enclosed
airspaces with different:
> Dimensions (aspect ratios),
> Average temperatures,
> Temperature differentials,
» Direction of heat transfer, and
» Wide Range of emissivity

O R-values obtained using the correlations are in good agreement
with that predicted using hygIRC-C model
QO R-value correlations are ready to be implemented in energy
simulations models (Energy+, Esp-r, DOE)
40
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