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The Ohio State University’s “Solar House I”







(a triple-wide built over
a ... crawlspace)

—
to learn from the experts at ~ Fraun hﬁfilF:




The crawlspace “floor” is a 20 mil Tex-Trude Xtreme Vapor
Barrier/Retarder on top of packed stone. For accurate
humidity modeling, we needed better ground temperature.




Need to simulate large volumes

“Multi-Physics” leads to highly variable boundary conditions

« Unknown soil types

e Variable soil moisture

e Ground water

* Freezing

e Ground cover, including snow

Standards eliminate the need for large-scale simulations
e Inaccuracies
e Inability to answer detailed design questions
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match really well,
especially near surface.

The disturbed soil may
still be “initializing.”




But the near-surface indoor correlations are very good,
and the influence of indoor temperature Is evident.




The effects of heat
capacity on time-shifting
are better for the inside.

Trends for heat flux are
generally very good, despite
strong external influences on
measurements.
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Lower depth at wall
showing Issues In
the winter




Snow will influence short wave absorption. Freezing
IS a phase change (latent heat) process and will
drastically change surrounding temperatures




10% of the annual heat loss in a 1970s home to
about 30-50% of the annual heat loss in 1990 code-
compliant homes.

What would the percent heat loss be in a current
“standard-build” home?

Ground-coupled heat loss is especially important in
buildings with high ratios of ground-coupled floor
area to volume.

The “GBA Effect :” Discussion of a 16” under-slab
Insulation requirement




Compare methods
 Dynamic Simulations
« 3-D
 Estimated BCs

e Static Calculations
e PHPP/ISO 13370
o Simplified approaches

e Local climates

Make Recommendations
* Design
* |nsulation Schemes
» R-Values

e Return on Investment

Winter

3-D Results for heating dominated climate




5 methods: .

e WU
e WU
e WU
e EN

e Sim

® 3-D elements
® Plus B
® passive House Verification (PHPP)
SO 13370

— Dynamic Methods

nlifled (Los Alamos) Slab Transmission Heat Loss

6 locations: Minneapolis (7), Chicago (5), Seattle
(4C), San Francisco (3C), Phoenix (2), and New

Orleans

(2A)

2 Insulation thicknesses: 3" (R20) and 6” (R40)
under slab and slab edge




* Relatively Small: 9m x 12 m
R-60 Ceiling, R-36 Walls
U=0.16 triple pane windows
0.53 window shading factor
Constant loads: 2.8 occupants

e 0.41 constant ventilation

« Wet Silty Clay soil for all locations

e 8" of gravel and then 4” or 8” of under-slab xps insulation

WUFI® 3-D elements:
e Simulated area 10 m beyond slab, 15 m deep, 2 year init
Perimeter insulation
User defined solar gains on inner surface
No hygro- or radiation-effects for the slab
“Exchange with 3-D elements” for heating period




WUFI ® Plus:
e Transmission heat losses only (no radiative)
No perimeter insulation
2 year Initialization
Artificial, location-dependent sine cure for temperature of
ground-slab interface and no storage
Heat losses from slab-bottom heat flux summed over

heating period

WUFI ® Passive:
e Does not meet PHIUS+ Criteria in all climates
e Follows PHPP ground coupling heat loss (heating period

only)
» Used this heating period for all WUFI simulations




EN ISO 13370 (2007):
e« Summed over heating period
 Includes perimeter insulation
« Differences with PHPP

Simple Slab Heat Loss (Los Almos, 1984).
 Based on perimeter (P) and perimeter insulation (R)

» Used heating degree days (HDD) and heating degree hours
(HDH)
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Simple heat loss with HDD and HDR are the same and
under-predict slab heat loss in heating climates

Choices made in the ISO 13370 calculations gave results
that are very similar to dynamic WUFI simulations

For Chicago, a slab with 4” of XPS has about 45% of total
heat loss

For heating period, insulation thickness for New Orleans
does not show any difference in heat loss

Heat loss in Phoenix is surprisingly high and is reduced by
about 50% by 8” insulation
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The slab heat loss in Seattle is just as high as in Chicago

Going from 4” to 8” can reduces heat loss; the reduction is
climate dependent

The benefits of going from WUFI Plus (dynamic) and WUFI
Passive (static) are essentially the same.

WUFI 3D gives the highest heat losses In all cases




There Is relatively little overhead in implementing WUFI 3D
elements

== The biggest challenge is the soil types and properties

WUFI 3D elements can add much of the necessary physics

=) Temperature distributions
==) Different zones
=) Model edge insulation

==) Storage
=== Climate specific and dynamic




Might have started with too much insulation. Go back to less.

Region dependent soll types
Add a solil layer component in WUFI Plus

Adding Horizontal
Insulation and
eliminating interior
under-slab
Insulation







