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How to Control Heat Flow?
Modes of heat
transfer:
—Radiation aas
—Convection g% g
—Conductio
] ,_.-""_'"
=
Builing Scance 108 e et ‘“ -I 2

D )
; Heat flow ->

February 9, 2012

Conduction

= Heat Flow by direct contact
« Vibrating molecules
* Most important for solids
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Thermal Performance

« Thermal Conductivity: material
— Symbol is “K" or "A”
+ Thermal Conductance : layer
— C =k  thickness
+ Resistance “R-value”; layer
— R = thickness / conductivity
* R, k, C assume “effective” conductivity
— includes other modes
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Convection

+ Heat Flow by bulk movement of molecules
+ Most important for liquids and gases
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= Critical for surface heat transfer (e.g convectors, “radiant
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Radiation

« Heat flow by electromagnetic waves

Heat radiates from alf materials, e.g. campfire

» Passes through gases and vacuum (NOT Solid)
* Varies as T"4

Radiation

Important for surfaces, air spaces, voids
- e.g. Thermos bottle

« Key for low-e Windows

Foil faced insulation, radiant barriers only
work when facing an air space

Radiation within pores important for high
void insulation (e.g., glass batt)

« Emissivity is the measure
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Material testing
- ASTM C518
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FIG. 3 Apparatus with Two Heat Flux Transducers and One
Specimen
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What Impacts R-value of

materials
* Density
» Material
» Temperature (FTC rule)
* Airflow

» Gas fill for some foams

Insulation Material Types: Radiation vs Conduction

‘ I \EFiS 2 samples
. e "\\
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Fiberglass Batt

Thermal Conductity (Wim - K]

Measured Rvalue / Inch
. o™

I I ' Over 1/3 of heat flow IN a batt is radiation

~
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ImEEI 1‘ Mean Test Temperature (F)
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Temperature

R13 FG Batt: 3.5" thick
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Polystyrene Types, Density

150
. STANDARD SPECIFICATIONS (ASTM C 578-95)
= FOR PREFORMED, CELLULAR POLYSTYRENE THERMAL INSULATION
. < PROPERTY UNITS ASTM TEST VALUE
140 Type Classification Type X1 el Typevill__| Type 1l Tpeix
Density Minireen Tein (b /13 (/M3 G303, (000121 10900151 | LIS( 3502 L1800
13.5 Density Range 0.70-0.89 0.50-1.14 1.15-1.34 135179 1.80.2.20
v (12-14) (517 (18:21) (22.28) (20-32)
2 Resistance rn R. for 17 thickness
g 130 (R-valuc)* C177,C518 3.45(0.61) |420(0.74) |4.40(0.77) |4.60(0.81) |4.80(0.84)
@ 25Deg F (-3.50C) 330(0.58) |4.00(0.70) |4.20(0.74) |4.40(0.77) |4.60(0.81)
o > 40 Deg F (4.40C) 310(0.55) |3.60(0.63) |380(0.67) |4.00(0.70) |4.20(0.74)
P 128 . zéol)& Fr(ﬁ;mm()) 250(0.51) |325(0.57) |3.45(0.61) |3.65(0.64) |3385(0.69)
i 4 .
5 Compressive Resistance ‘man psi (kPa) DI621,-LCI6S |50(35) 10.0(69) 13.0(90) 15.0(104) | 25.0(173)
8120 at Yic o 10%
= = . C:mﬂam hin pai (kPa) 203 100(0) 125001731 | 300(08) | 400276 | S00(345)
5 R—\:alue e D L »e W Vs Permebity s gl o so@sn  |so@sn  [3s@on  [3s@on |20ms)
110 20% over typical temperature o ) ks s, | PO
range g
A Water Absorption
10.5 (by total immersion) % by vol max. o n 40 10 10 20
Dimensional Stability
100 (change in dimensions) max. % 2126 20 20 20 20 0
2 A% 2 B o A Oxygen Index TN vol. % Dases 240 240 240 240 240
0 0 40 €0 80 100 120 * “R" means resistance to beat flow. The higher the R-value, the greater the insulating power.
Mean Test Temperature (F)
e * Vaccum panels: Depends on vacuum
T - .
5oy R —R20-30/inch
= @™ -
g o — VacuPor
2 .-
8 iy (Porextherm) /
|
s
Z HFC-245fa- liquidigas
T on . sk » Nanogel/aerogel
§ = = =c.Pentane-liquid . PR T A —— /
S o | —R12-20/inch —
z = =HCFC-141b-liquid
E o : ; ‘ : , : . — AspenAerogel —
0 1 20 3 4 S 6 70 80 9 «
e
Mean Temperature ( °F)

Some polyiso is not so great at low temperatures!
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Foam filled stud space

What affects R-value of walls?

* In order of potential performance
impact
1. air leakage
2. thermal bridging
3. temperature
4. convection loops

Air Sealing
Walls

Most air leakage at
°rim joist
windows
*penetrations
*bath rooms

12-02-09 22
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Doubie top plate

Taped and painted '/;"
2:4“ o‘;zxq stud gypeum wall board as
wal 167 0c. Interior finish

& mi polyethylene vapar

Fiverglass
Insulation at rim
Jolst

barrier between studs
and gypeum wall board

Fiberglass or calulose
msulation in stud space

0S8 exterior sheathing

Builing BR3

AMERCh

Research Toward Zero Energy Homes

Plan View @ rim joist/ floor

R

L

WY

Plan View @ wall

Bullding TS i
Amsmd;'ZJ
U.S. Department of Energy

Toward Zero Energy Home:
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Experimental Verification

» C518 tested each material used in wall
sample at temperature being tested

* Therm predicts better than 5% of
measured overall True R-value

+ Will be testing more high-R walls in the
future

Fibrous cavity
insulation

Vapor control as
needed

Insulation at rim
joist

Lapped to provide drainage
plane continuity; taped
for air barrier continuity

2x6 stud wall @ 24" o.c.

— Taped and painted */;"

gypsum wall board as
interior finish

—— Sheathing

Drainage plane and
exterior air barrier
membrane

1710 6" of insulating
sheathing; rockwool

1x3 furring strips

Lap siding (e.g. wood,
vinyl, fiber coment)
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Fibrous cavity
insulation

Insulation at rim
Joist

Lapped to provide drainage
plane continuity; taped
for air barrier continuity

% _~— Taped and painted *,"

_— 2x6 stud wall @ 24" o.c.

gypsum wall board as
interior finish

~—— Sheathing

Drainage plane and
exterior air barrier
membrane

1710 6 of insulating
rockwool sheathing

1x3 furring strips

Lap siding (e.g. wood,
vinyl, fiber cement)

Straube
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Whole Wall Rim Clear Wall
Case Description R-value Joist R-value  Top Plate

1bii 2x4, 16%0c, R13FG + OSB (25%ff) R13 100 98 10.1 98
b 2x4 AF, 24"oc, R13FG + 0S8 11 98 1s 98
1all  2x6, 16"oc, R19FG + OSB (25%ff) 137 123 141 125
6a SIPs(3.5"EPS) 141 123 145 1086
18 2x6 AF, 24'0c, R19FG + 0S8 R19 152 123 16.1 125

7a  ICF - 8" foam ICF (4" EPS) 16.4 164
8 2BAF,24"0c, 55 R2105pcfSPF, 088  R21 165 1341 172 166

7c  ICF - 14" coment woodfiber ICF with Rockwool 174 174
8 266 AF, 24%c, 2" SPF and 3.5" celluiose 17.5 132 184 177
Ba 2x6AF, 24" o.c, 5" 2 pcf R29 SPF, 0SB R29 191 136 203 195
2a 2B AF, 24°0c R19FG + 1" RE XPS 202 185 206 203

7o ICF - 15" foam ICF (5" EPS) 206 206
__ 3 2x8AF, 24"0c, 2x3 R19+RBFG 215 134 235 184
4 Double stud wall 9.5" R34 cellulose R35 301 144 s 288
12 2x8 AF, 24'0c, EIFS - 4" EPS 301 238 314 311
10 Double stud with 2° 2.0 pcf foam, 7.5" cell. 324 159 362 285
2b  2xB AF, 24°0c R19FG + 4° R20 XPS s 290 358 354
6b  SIPs (11.25"EPS) 36.2 14 416 282
5§ Truss wall 12° R43 celludose 365 188 405 M4
11 Offset frame wall with ext. spray foam 37 188 406 419

*AF - Aavanced Framing
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BuildingScience.com Internal Stack Effect & Insulation
Fuast-ano-Fi Hysrio WawL ConsTrucTion
° Search “High_R Wa”s” . GapS in batt insulation
on both sides .
“Wrinkles inevitabl Hot side
Building America Special rimes tevitable _~ Hotair = light
Research Project: High-R
Walls Case Study Analysis
Batt .
Research Report - 0903 Air gaps
Joba S and Jomtha Srcesl 1
Bulding TH C neavy ,
_— Amimd% Cold air = heavy Cold Side
i b A e o et e e e M’“‘L‘;‘M epartment of Ener . N
I ot Rt Bt B Homoos Common installation problem
ssee e tire-dimousional boat flow and the mlative risk of muistare demage. 7 4z
Internal Stack Effect Brown and Bomberg 1993

. i Cold or Hot Weather .

infsgsiignnb:fboth ’ * Defects in guarded hot box

sides

Hqt air r' ”"I Hot Side
« closed circuit = light

* energy cost Result: Air Flow

/|
« cold surfaces Cold air /]
= heavy
Cool Hot Cold Eide
Side Side FIGURE 3. Detsil of 6% wstallation defect
43 44
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Results

Glass Fiber and Rockwool

Table 3. Thermal resistance measured for frame walls insulated with three
different MFI products installed with three different levels of defects.

Product 1 Product 2 Product 3

Teos 0% 3% 6% 0% 3% 6% 0% 3% 6%

S$°C 3.15 3.08 287 329 3.22 3.0 295 280 253
-20°C 307 262 337 323 297 276 224
-35°C 3.38 296 235 343 312 2.75 3.14 268 200

45
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What affects R-value of walls?

1. air leakage
— +/-infinity, often 30%
2. thermal bridging
—5-30% reduction w/wood

3. Temperature

- 10% reduction at high, 10% boost at low
- Except some polysio

4. convection loops
—10-30% reduction if present

R-value

Choose materials, but
Design

Construction

Are the most critical

All insulation is good. More is better.
www.BuildingScience.com

Course Evaluations

In order to maintain high-quality learning experiences, please access
the evaluation for this course by logging into CES Discovery and
clicking on the Course Evaluation link on the left side of the page.
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