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DaylifAgenda:

N REVIEWNE OIEWEK
@UIZ
EnEnay.
VWRaLISHIZ
VWhHENE JOES il COMENTIonZ

SUlfiace’ & aliftansperediieaiioss
R & Ulvalues

IRSUIateN cCoMpParsens

BUIlding envelope definition
Costing ACH (preview)

Altic & Cliawl space Venting




HomeworkiAnswersH

WATERYASEUEENEEHOIIEEIEE SPIEICE?

20" % 50F = 600r/s@

=SEHeW 2Ry galiens e demestic e Waler?
15 gallensix 12imoenths = 180 gal/\/r

=W niany BIliUN e Space ieat?

700 gal’—180 gall =520 gal > 139,000 U/gal
=72,260,000B U/ (Euel ofif the truck)

=\What s Heme Heaung lndex ratng 2
7.2,280,000/600/7500r= 16 BilU/saf/IHDID




Day Il Quizit

pleit 15 2l BEE 7

jalstaninemie

jaIsia @uad!

sRHeW alie Deqeebays determineds?

s\What s electrical haseload?
" HeWS haseloadrdetermimned?




ANSWErs
A Britisn Therr rll Umr(” J)is

required to raise 1 b of water !

A Therm = 100,000 Bl1Us

A Quad = a quadrillion BTUs — 10 BTUs to the 15t
power — 10 with 15 zeros beside it —

10,000,000,000,000,000 BTUs !

Degree Days are determined by ch](lJﬂJ the rJJJrJ &
low reading for the day, dJ\/l(lJrg that nurmber by two
and Sllb"FTEIC"[]'rJg the result frorm 65°

J(rl] Qrbe]grltl
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loday’s terms: !

AR IREUSIon =

22 Infiltrauen: =

8, Bxiiltration' =

5 \WWind=-Washing =

= 5o we alll speak the same lansuage.




Quick Review:

= pltiprlger of BFUs inleit el geltiniel eif 2ig)y
MalEaiFaseIIS G EIEaASESI PER E o EMPEraiteE
change.

e specific heat of water Isiene. Tihat s, ene Biru will
iaise one v efiwater ene degree F unless e water
EXPENENCES  a phase change. The nen-phase change
ielationship Is called Sensible Heat. (It makes sense.)

= ameunt o heat ansehead or released
Py a phiase change. (At first glance, it deesnit make sense)
Eer Water, the latent heat of holling 1S 970 BiiUs/ik: 1.e. 970

BilfUs must be added tora peund of Water 1o tum| It to
steam.

ol freeze water, 144 BiiUs/lio must be removed . I.e. Tihe
latent heat of fusion| (fancy, term fier freezing) water Is; 144
BTiUs/Ib.




WHY DO'WEICARE?

" @LVieusiyAROVONEIIDS areralserIcd WHER
Wealer BECOMES) Steam), the same 9y 0rBililts
WillNl9erreleased When the Steami CONEENSES

PECK I WalelR = e prnciple erined sieam
neat!

= Refgeraton & air conditioning = really/just
aeIREr ierm! of reflgeration — Use the same
principle. The meditm Is a manuiactured
efiigerant insteaad el water.




What is Energy?
YWhat controls it?

- A measurable quantity of:
= Heat — Molecular movement
= Work — Expended energy with a result
= Light
+ Laws of Thermodynamics:
1. Energy is neither created nor destroyed.
2. Energy always* goes from high to low.

*TAlSent an eutside Influence expending| ether eneray.




ENERGY

Lots of terms.....

-+ Potential energy
= Stored energy — gasoline

-+ Kinetic energy

= Moving or transitional energy — an object
moving at 60 MPH - a fire

- Temperature
= Measure of heat present

1 Heat
= Molecular movement




where does ourEnerqgy
come fromy

Vierertnan: S 9Y6r 01 OLir ERENGY COMES
fiemitihe sun!

What about

wind?

Even coal &
oil come
from
dinosaurs
that ate what

the sun grew!




How does energy moyvey?

= Energy. ieaches us firon the suni by,
pure radiatien.

5 Onee s here, other mechanisms get
IRVvelved.
Conduction
ConVvection
(& more) Radiation




RADIATION

Radiation does not need physical contact or a medium!

A stove b illustrate all « is radiati
stove burner can ilustrate a Heat 1s radlatmg

._three heat transfer mechanisms! !
from this

burner, warming

any object in 1t’s

vicinity: that’s

Or absorbs

Everything radiatestheat all the time!




EvVernyinng Radiates &/ ox
ADSOrDS Jufg \/

gliftne timer

Jstually; vethrat ence!



CONDUGITION

Conduction requires physical contact - touching

The pans are in

contact with the
burners. Heat 1s
transferred from
the burners to
the bottom of

the pans by:




CONVEGIHION

Convection i1s heat movement in a fluid.

Heat conducted to the
bottom of the pan
warms the water. The

Convection reguires water temperature will
a medlum _ stabilize at 212° F — the
boiling point of water —
because of convection
of heat in the water.
Heat moving in a fluid
(air, oil, or water) 1s:

Convection




Usually more than
one mechanism is
in play

All three are
happening here!

The brackets supporting the burner are being
heated by conduction, in turn heatino the
metal stovetop.

Heat is warming the air
above the coil. The
warmed air 1s rising &
heating the room air by
Convection.

Heat 1s also Radiating
from the burner, heating
objects above the stove.

Some of the heat
reaching the ceiling by
either mechanism will
be absorbed & radiated
back while some —
depending on how shiny
the ceiling is - will be
reflected.




That’s how it moves.
Why does it move?

= SImply;, nature Is 1nfa constant struggle: e
egualize evenyiing,
= Sclentists explamiitwith = Ifhe Seconad
[Law: e lTermedynamics:
IHIGIGEES 16! oW
\Wet gees e dry
IHot goes to cold




Don’t forget air movement which
carries heat with it as it goes.

S Ce IMECAANISIIS 1ROV C Al
\W/inle

* Micchanical (fans)

-
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s Buoyancy: (Watiml alt: £Sino) :.i:."
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12
i
i
| 1

- o




he*Pracucalty 2ot

IHeansice 2 ulidingWaris tiENSIdErsUiFaCESHaY
CoOnVEction & radiation.

IHeat s transfered tareugh bullding sUiaces MeSty. 0y
conduction withr help frem convection & radiation.

On the cold side efi the assembly, heat leaves by
CORVECHION - MeVING allf Carfes It away, — anadl radiaton.

Anyithing physically teuching the bullding assemibly will
[emoyve heat by conduction.

Allr transported heat s lest When conditioned: air
leaves the bullding & IS rieplaced by eutside air.

IR reality, Reat meves; censtantiy by WhateVver
Mechanisn Is availakle: at any: given mement.




Quantitying heat transfter;

Where:
@= BillU/time pered
AL =CArea IRrSguare feet
A= Temperature: difference in -k
= fime
R = otal Resistance valte ofi assemisly,




Quantitying heat transfer;
o

\WhREre:

@= BillU/time pered
AL =CArea IRrSguare feet
A= Temperature: difference in -k
= fime
U = etalltransmissive valle efi assembly,




R Values & U Values

1 U = Heat transmittance
1 R = Resistance to heat transmittance
2 U=1/R & R=1/U

1 R values can be added

2 U values can not.




Formula (Surface heat transfer)

= Q= AxXAT = BTU
R 0l

@I =TAreansguarerieet tempraihifinE

ljetalfassembly Rivalue
Q= AX HDIDIX 24 1KS = B0

R HEeatnge season

=@ =AXxAT x U= BilU/Ar
=@ = A X HDDPX 24 s x U= BiiU/heat ssn




Surface Heat Transfer

SR IZ WellF="e WIRE WS = 96,50
Y ONETRSIde = S5 E euisice = 405 = Al

4 720/0) 5|P)B,
=R WallNRsy
SSEeWAmeny Sl

@'= (9650 X 40°

aton
Clpl%
=xAAn)/ Al =349 BNIU/AeUr

=S Hew many BliU per Reating Seasen?
@1= (96 sg* x 7200/ DD 225 [rS)/AdL =
15,508,072 BllUREr heatiing Season.




Quantifying Air Transported
Heat Loss

Q) = (A 3 A % t) /R (Look imiliare)

©) = Velltieeie e (AC/ED) e (D012 BANUAFP = B e AT

€)= Voleiecie e (AC/EN e (QIOLSABNT /67 = B e IEIDID) e 24 ki
WATETHE:

Voltme = cubicHcct ol contamed Mnthicicated S{pAcE:

INC/EL = e niticclber of e gee velliieeie oF 2l et ves ezidsl sl tie

010 SZ 15 Hele Speclile szl )i zite

NS thie temiperitiie differerice Detyyeert Lagidle < cuitsicle zie fon </ H:

IHIDID =S eAtTnEHDETHECHDANS

* The specific heat of air is the number of BTUs needed
to raise one cubic foot of air one degree Fahrenheit.




Quantifying Air Transported
Heat Loss

@ =\ (ACTH) % (0:0182 BiiW/fte, S E) AT

2R 20 SO SH(CENnaregab) = en sials
.25 ACH
7OFEIRside = SOFE euiside
7200 ' HIDID

IHeW many: BIIU/AR?

iHeW many: BiliUper heating SEasen?




Quantifying AT heat loss

@) = V(AR < (O.0k 2 BirUffiE 25) ¢ AT

1 205¢ S0 e = 20:210)0) et 0)|e feiet
25 ACH
O ENRSIder= SO E outsIde =405 EN AN

=W many Bill/RE

@ = 4,800 cux 1.25 ACHX (0:01:82 BT U/CU", “FE)iX
A0PE =2 368 Bl U/hour

= 7200 HiDb
= Hew many: BIUIper Reatine Seasen?

@ =4,800 cu” x 1.25 ACH X (0:01.82BHIU/iit=, )X
7200HDDx 244h1s = 185869, 760! BiliU/heat Season.




Controlling Surface Heat Loss

IRSUlaueR sieWsH et iansier(euIng SiepsiIt:)
NSOV (ESHIWEH?Z

hra
Al
[REf

ApPEdl Al POCKELS Sl conductive heat loss.
parfier insulaions redice: convecuyve heat loss.

ective insulaions reduce radiant neat loss.




How does insulation

WOork?

"NRNLS Simplestiomm; Instiauen iraps:tinyaail
PECKEISAAICIIIER 2t 2SI CONEUCHVE &
CORVECHIVE BIEeaks:

"0 2 peInt;, the smaller & moreiselated the ail
POCKELS ane;, the Peter thelnsulaien Welks.
(feamiVs: einers)

sLDiiferent instiatiens  operate differently, making
SEMe Beler suited than eiiers e a given
application.

see Krigger PP 290




Radiant Insulation

S RACIENAEiECHVENRSUIZHERNVGIKSHIVIEHECHRG
Heat hack e WhEere it Came iiem = Inie; O/Fouko]
euNdingslthas several diraWhaecks:

B requires anrailr Space e \Work — Retiing can
acttially touchIE:

e deptiy erftherairspace s Cliticali toer mUchH
O 0o litile rapidiy reduces the Rvalue.

[iSIEECVERESsS dirops: rapldiy WRen I gets
dusty.

=[S major attraction IS oW, CoSt, 0)F DAL ProdUCE &
installiatien;, altheugh correct installatieon s critical
10 1tS perfermance.




iInsulation characteristics
Yee Kelvoer ppZ92

EIRENGIaSS = R=SAINCH
SHEHRES (ECYCIEM RrodlCH DALIS & 19]GWiA
Ceng ke (Virgim)reiewn (Insuisaie liFe S
MiRnerRINEoI= RESES. 5/1NEH

Cellulose = R=8:-5.5/Inch

Poelyisecyanuiaie = Rigid heand; R=7/INcH
(Dew Chemical-Cellotex™)

Polyurethane = Spray. ieam, R=6-7/IRch

Polystyrene

EXpanded rngid beard, R=3-4/inch (Whlte: heaaiheard)
Extriided rgid beard, R-5/inch’ (Styrofeam ™)




Fiberglass vsyGellulose

IDEESH NG 2SEHINVALES ARSEHIS Walel
Can e densepackead Can e densepackead
@Ualiy conirelreasy @Uualiy contrel difiichit

Batt configuratien resists Eeese il aliowsiaczapiing io
SAUQ It IRrCaVILY, CaVity/ Shiape

Wonit seallieles/Cracks Seals eles/cracks

Allows Intermallioeping Prevents intermalloeping
Allews wWind-Washing Prevents wind=washing
Remains Where placead Pook Installation = setiling

See Krigger pp 290-291 for others




“R2value

S RAZIENSIEUnpErassIgnedreramaierizalie
guantiAis resistance e neat transies

e numkeris determmined by Glarded = o BoXx
esting ="Alhexinsideratemp contrelied vex:

hetesied maternaliis installed hetween a neat

solrce & a thermometer Inrthe Iner PeX.

e materalfsiiransmitiance —1ts - Us valtie =S
ieURG Y Measurnerhew Iengikiakes a knewn
guantiy el heat teregualize achiess the materal

Us converteditor kR
Py dividing| It IRter oNe:




Some typicaliRwvalues

- Fiberglass = 2.4 - 4.4 per inch = 3.5/inch

1 Cellulose = 3.0 - 3.6 per inch = 3/inch

1 Expanded polystyrene = 3.6/inch (beadboard)

1 Extruded polystyrene = 5/inch (Styrofoam™)

1 Polyisocyanurate board = 5.6 - 7.6 /inch
Glass = 1 per layer

Wood = 1 per inch
Concrete = 1 per 8 inches

See Krigger PP 103




Assembly Rivalue

BUlEIRGrERVEICPESIGERERIINACENSISHO]
2y ers eliimatienals; each GinWRIChEesIsiS
glereiitiilony

IRr2addiien; eachiayer=neuinphysical

conact Wit aneiieriayer=-sassamn aliilnm
WhICKHIalSe resists eat iew:

L — — L — — L— L

The pictured assembly has "2”drywall, 3'/2”
fiberglass, 27x4” framing, '2” plywood, building
wrap & clapboard siding. (see Krigger pp 67)

The assembly has a total theoretical R of = 14. In
reality 1t will test = 20% lower; = R-10 (K. pp 272)




A really nice short-cut !

[ wereisyislel o) lgelie tip) bie i yziliie gt zilenl s 2inky
mAtcHA A FEd S Are | IStCd AN ATIO TS e X5 e
Welsitess IS 9 OssilslEHoNd Catiiy tiic Componcats
[ any asscmblys look tiprant REtor caciy and
calculatc the total REVAIE: (Keicocr pp272-273)

[ reality, 1t 15 oenerally safe to) rate an un-
msulated walll assembly R=5, 2 ceiling with
o) attic oot RE1E &2 with' 2 oo, R=2.

A propetly msulatediwall ot ceiling,

assemiply will approximate the insulation R

L—L— L— L— L L— L— L— L

value minus 1056 (see Keigoer pp 274)




Whenisan Rnotan R ?

Both intrusion &z wind=washing sionificantly
lowet R value. Tihie more porous the imsulation
the mote the Riis reduced:

IExposed fibveralassimia well' vented attic will test
as muchias 5070 below: s 1alyel rating:




SHENE 2yEereINsSHiaeRNIcS I2RICNeENIIEICHK:

 AETERNTHE EIRSIFINCH! each stuccessive
INch er insulation nstalled saves = 72 o}
What IS saved! By the: previeus ineh.

=10 get acelrate savings predictions you
must determine: the Rivalue and calculaie
je |ess threugh the existing assembly and
den suktact that Valtie fiiemithe loss
drough the planned assemioly. Example:




20 A izl g L2t elpyzlll/gozifel/elzig gezifel Yzl
INemRaIFaSSEMBIVARNWAIUE=IRES
YOEENR SO E UL
IiRstall celitiose @ R-5.5/IRCH REUIHVEREZGA0
= Empiy/awallC6se x 40FE X Thar/si= 4, 260 Eiid/iar
1> cell = (9650 x 405 F % 1hr)/6.5 = 994 BiiU/h
savings =660 BIU/AR(everempiy wall)

2 cell =(96sar x 40FE X 1hr)/d0/='384 BilU/Al
savings = 20y BAU/MIE (everwalli& 1= cell)

3" cell = (96sg" X 40°F x 1hr)/13.5 = 285 BlU/n
savings =929 BlU/Ar (everwallié& 2= cell)

4= cell = (961 s x 40°E x 1. hn)/dy = 226 BIU/An
savings = SCIEIFU/hAE (ever walll& S cell)




How about an attic?

S0 A0 elujo)lehe (ezigp) sleler 200 S0)
Attic A= has R erglass
Atticr B has R=1.9Hilkberglass

IHeaset oy L@ 7OFE

- What s the annual heat load fior each attic?

. lifcellulese costs $0.75/sq It o) the first Ineh
& $0. 1010 each subsequent inchrand %2
fuiels $4.50/eal, What should the L& do?




# 1 (EASY!) Annual heat load:

“Aeliile = (000 e[ 200 S| PIPEZ 4 LTS =
110,566,000 BNI0/Ea

B ACE=H (600" Sg X 7200 H DD X2A11S /IR y==
65,098,624 BAiU/y/ear

How much money is that?

JARaitic =(110; 566,000 BIU/AH/A(1SC; 000 BU/gal s 7 0% el =
104" gallens/yirx $4.50/gal = $46i7.00/y/ear

“Baittic = (6,098,824 BT U/ (139,000BTU/gal % £70% efi) =
61 gallens/yr x $4.50/gal = $275.00/year

“Remember: A properyiinsulated walller ceningrassemialy will
apprexinmate: the msulatien R value minus 10%




#2.1 (Pretty easy!) Annual savings

ARG (s ESENUEINUSENRNS) = SA6r/eai (1IR=10)
‘R aiiie (geisa el Use ) ) = @275 yeer (F-17)

(A HBDDhrs)/R BiliU/yie galiyie Sy netsviyisincremenial sy

JAETT =600 7200 x 24)/13 = 7,975,385 = 801 = $360 = $107 $107
BRSO 72005% 24)/ 20/ ="5;1645000F =52 = 5234 $ 41 $ 41
JAEZE =600 7200 % 24)/16 = 6,460,000F = 65 = $293 $174 $ 67
B2 = (600 72000 24)/ 28 =450, 826) =45 = 5203 S 72 S il
JATESE =1(600 % 7200 x 24)/19 = 5,456,842 = 55, = $248 $219 $ 45
“BrESH =H(600x 7200 % 24)/26' = 3,961,692 = 401 = $180 $0 95 $ 28
A4 =600 7200 % 24)/[22 = 4,712,720 =47 = $212 $255 $ 36
B4 = (6000 72000 % 24)/29) = 3,515,172

Insulate attics to R-38 — R-40
SAYEOV = (600 % 7200 x 24)/37 = 2,802,162
B = (600X 7200 % 24)[28)1=12, 728,421




Zr2 PaybacKkeevalioptions

- Slmple payback (How leng| before | get my: money: back?)
Annuzlfsavings dividedN ey Cost:

S Nietme Savings (How much willll'save: before it Wears out?)
Eife’ expectancy imes annual Savings:

- LifecyCIe Costing (Wihat is my net lifetime saving?)
Lifetinme savings minus: cost.

= Savings tor Investment Ratio) (Good use ofimy money. 2)
Lifetimer savings divided by Cost.




#2.3 (NOT so easy!) Payback

A (l9BSENUEINUSENRIS) = SAGTIAER),
BallCl9ESENUEINISENRIS) =S5/ el

HA”+ 111

“B”+1

.
.
—
.
-

RELSVI/VI

$107
$ 41
$174
51 72
$219
$R05
$255

COESE - 600rsa|ii
@ S5 $450
@ 75 $450
@ .85 $510
@ .65 $510
@ .95 $570
(@ OS5 S570
@ 1.05 $630

PEN/IIACK
A2 V1S
10OFOENIS
2.98\/I'S
VEOENIS
2.601V1S
6. 00NIS
2. 47 YIS

Ietinersav.
$3,210
$1,230
$5,220
$2,160
$6,570
$2,650
$7,650

$10,230
$ 4,500

Iiercyclersay:
$2,760
$ 780
$5,046
$1,650
<116310)0)0)
52,280
$7,020




Uninsulated Geilling#

SN0 S0 X 7200 H DD 22Ha1S) /A RIS
105,660,000 B0/ 100,000 BliU/galr=
15037 gallons e $450/0all=1$2,666.

VWhHaL'S OUIFOPPeURIGARNGW:?

e ——————————— =




Alrtransported heat 1oss
(ConVvechVeeal iransiern)
e diversiare:

b Sliackieffect (Walim alising)
22 \WWinae

S, Viechanical (fiansi & punps)

e moest mistunderstoed and moest
lileguentiy/1gnered heat tiansier
MECHanISMIIReEaY/ S NOMES IS

dlif transpered nearless!




Ailrclransported Heat

NEchnicallys ReakmeVinepVithlRranyiuics=
INCIUEIRG aNf=s) CORYVECHGN:

BEcalSE Heal geesiie Celds, given eneuai
ume; alluids eventtialy stanilize at a tunifomm
[Emperalre egualito themass Wwelghied
aVerage iemperattie eiwhatevertnefiuiais
I cContach With:

Iiransiation: a fuidhwillfalserarfifem: ok release
Heat 1e; contaciting selids tuntil allfreach a
COMMEN temperattre.




That accounts for heat
movement in a fluidand to &
from the fluid to solids it
contacts:

Whatis it if the whole
mass of conditioned air
moves somewhere else?




Alrtransportediheatiioss: !

Fetistassume aVvoeltimereiheaiedral BECaAUSEeNiisS
HEaIEd; IFISHESS GENSE & tHErElore nore pueyant
anranfareunait; coRseqUERVITWARIS 1O ISE:

t"S alserai a nIgher pressure; Making IWant e neve
1012 IBWErr pressuerareas (tnpkweatier maps):

VWhereveritgees, itwillitake Whatever heait
conains: aleng e e rnde.:

Coeplerairwillfmeve: iR ie replace: it and iprum;, e
Heated By Whalever seurce heated thefinst batch
[epeating the cyclerunti equilivrum s reachead




ATHLE(continued)

N RrnereaiNver e eguilierumNSHpPeSSIkIE
PECAUSENIEANIS ConRsSianty velng added
SEMEWNEre (Y the st and sunpiracied
eisewnere (by radiantneat transiefiorempiy

Space)), keeping thewind constantly bl owWing:

S Eguilivrumis (nearly) poessikieinra dwelling,
HGWEVEL.

= AlWerhave to do s contreltalr mevement.




To control it we have
to understand it!

-




\What dtives ait movement 2
S Staclke Eftect

(the arrows indicate air movement)
b 44

e
.

= Warm air rising inside the

building pulls air in at the
bottom & drives it out the top.

Neutral pressure plane




What drives air movement ?
2 Wiand

(the arrows indicate air movement)

Wind blowing against the
building pushes air in the
windward side and sucks it
out the leeward side.

Neutral pressure plane




What drives air movement 2
3. Fans & pumps

(the arrows indicate air movement)
The heating system, clothes
drier, kitchen & bath vents,
etc. all pump air out of the
house. If enough exhaust

appliances are turned on, all

envelope holes will leak in.

There is no neutral
pressure plane!




What drives air movement ?
Duct leaks !

. The ducts on a warm air
/\n heating system add another

4

™ variable:

Returns are typically leaky:.

>
>
>
>
)

T

When so, the furnace can
suck pollutants from the
basement & deliver them

VYV YYVVYy

|

through the home.

Soil gas




f,”@ Whiat drives Al moyement 2

What happens when a
window 1s opened with the
furnace running? Air always
takes the path of least
resistance. If it’s easier for it

|

to go out the window than

get back to the furnace it goes
out the window.

Hé N

>
>
>
>
Y
>
>
>
>
>
>
>
>

Any air going out has to be

\

replaced by air that comes in.

—

Soil gas




So what really happens ?
Everything at once!

Stack effect, wind and fans all
pump air into & out of a
house. Some number of shell
holes will leak in, while some
number may continue to leak

out, depending on driving

force strengths.

Predicting air movement
under natural conditions is
virtually impossible !

Soil gas




OKG Sorweve gor arNeutral
PressurePiane;

What do we call the
building surface that
keeps the pressure in ?

The Pressure Boundary !




Sometimes you can see it!
Here, the poly 1s

the pressure
boundary.

In a real

building the

neutral pressure

plane 1s
determined by
all the “drivers”
operating at
once.




Visible or not, every building
has a pressure boundary
somewhere !

=t didn‘t, any conditienedrairinside
would simply:leave.
= /e have to:
Locate the houndany,
Evaltatet fer Integrity,
Decide IfIFs where we Want It &, 1 Ao,
Where It shoeuldi e & hew te put it there.

" REMEmBEer, SOmemes; there' s more than
ORE pressure houndan!

* More about that later !




Pressure Bboundary defined:

- The pressure boundary is the surface —
or surfaces — that contain pressure in a
building — just like air in a balloon.

1 Buildings may have layers of pressure
boundaries or contain several
Interrelated or totally unrelated
pressure boundaries, each affecting air
movement inside and into & out of the
building.







KeepimorElCat s

Heat moves by three basic methods:
Conduction Convection Radiation

| nsulation reduces conductive & convective
movement by trapping small pockets of air.
Reflective insulation slows radiation.




neeping neavinreqguires:

= Reducing conductve, convective & radiant
eat transtier

= Contreling airleakage

Al THE SAME SUREACE




Why at the same surface ?...

S eali eSS e PeieAlaI O oV E —"ESCape =13V anY
@HE Ol the thee mechanisms atvany: given time:
SIOPRING eREWItheUdealing Wit e eLErsis
poIntless: (Eerttinately; metieds thal Woerke Wit Gne
SUliiacelossimechanism ypically woerkawitiarails)

Dealing wWithrstiFace neat Iossiwitheui considerng ail
ransperied heatlessiisiieelish: Insuiatien dees NO
eguate teraiisealing ner can it perorm as designed
Witheut alr sealing. Beyeond that, it 1IsTABSOLUNELY
NECESSARY that insulation; & alf sealingl eccul at
e same: sulfiace and e n contact Wit each ether.




whyinjcontacty:

12> insulation Air—tight plaster cetling

No insulation

Porous block
By convection (stack - warm air rising), tﬂe Ceﬂing

tile & insulation, warming the area
between the ceilings to the same This Conﬁguration

temperature as the room below. slows heat transfer, but,

. iven enough time, the
The heat then radiates/conducts S &

through the un-insulated ceiling
to the attic.

same amount of heat is
lost as would be
without the insulation!




Let’s reverse the situation

19 insulation Broken/missing plaster ceiling

o I I I I " A tiaht dry

P P P q N wall ceiling

Room heat conducts/radiates through
the air tight ceiling, warming the space
between the ceilings to the same
temperature as the room below.
By convection (stack - warm air
rising), air above the drywall ceiling
freely moves through the broken
plaster & insulation, warming the
attic to the same temperature as the
area between the ceilings.




There are advantages to both!

EVerniminerelseeme e ualippviRters AnviliSusersiigiaiiy,
lessHiuelrasttiestifacerarearexposed iorcoldris theeaied

Voelume:'is smaller: _
In summer, if

exposed to the
sun, #2 will heat
less & cool
more quickly as
there will be
lower volume of
sun heated air
created & stored
In the attic.

Choose what’s best for the individual house!




What about moisture?

"/aperpariers (retarders)redticemorsune
difftision.

= Nothing completely: stops mojisture diffusion
...N0L eveni polyethylene sheeting!

(See Krigaer pp 275)
= Jhe gooed news:
990 0ff moisture: transport IS; by aif mevement!

[IFWer control allf meVvement, We: control
099 o the moeisture movement!




Why be concerned with
moisture ?

sNEXCESSIVENTeISlENISteRcaly ESHIECRINE
chieRcuiprmpErEmatteisundnghaulune:

=Sihe eld titismi=npuldings have e Breathe —
Came ron thermest preleed imeriea ou

ANCESsIors Useadito deal Wit excess moeisiure
— et pattralfcendiions diy the Bulldine eVver
e annual summerwinier Wet/dny/ cycle:

sCAcceptaklermethea With Cheap eneray.

= psulation — seme types more: than eihers —
INterderes with the nattral di/ingl cycle.




VERYAIMPORIANIN

Energy conservation
activities done without
consideration for

moisture management
will destroy buildings !




Annother very important
consideration!...

e merstureholndaR/ st hnei ey,
allgRPWithrthierneair s aliF oundaHes
PUMUSHalSere as) CloSe o thie Wealim
Sjdel el therassembly as; pessinle:

= dealliyarswillSee en the suiiace:

=TSt beleow! thiersuiface s apseluiely
MUSE be kept above the dew point
[emperature of any’ aif contaciing It




AN OIRE AHCS MO CHICT:

Coriclticilye eiezi piojtiniclziny

AT ANSPOrtcANEAE IDOUNA AT

&z Vlofstute Dound Aty

malke up:

THIE BULEIDING 5N VIEIEOPIE







i
i p i— ERE e Tems TN
| E - - — e v L L
|- . D W gL | M
| W




he blower door will:

B EIRd e pressie e une 2nA(er
PeURCANES):

2, Quantiy the tetal hoele anea.
5. Locate maividualrheles:

It 1s the auditer’s responsibility to
decide where the pressute
boundary: should be & how:te put
it there!




What size hole matters ?

ltiFrthre puild g eV erian/eul;
MInG:

» Mentvallyhnisthertpside dewn

pUIldiRe WithRwWater:

litirwoeuld leaks thie buiiding
enVvelope S fiaulty/!




here’s anotherprobiem: !

2ESemEmeEsWRaRWErtInkIS 2 eUREaR/;
acalyAIsi

=ihe classic examplensinsulanen:

=\Vitra iewW eEXCERpLonS; InSUlaton reduces
conduchve andiradiantheat transier eniy:

= Contirany tor pepular kelief Insulaten alene
dees;littie ter slew convective neat transfer.




Remember today’s termsy

AIRIREUSIoN =

' Infiltration = 48 Il l =

. EXfiltration’= ‘i“

4, Wind-washing = — D ——

What can we do about them?




A bunch of solutions!

Blow
' ellulose over

. Intrusmn

Plug ceiling holes

2. Infiltration

3, Bxiiltration

25 Wind-washing/

Install solid
blocks




1. lntrusion = over fibgrglass
/
Plug holes

2. Infiltration\=

3, Bxiiltration =

4 \Wind-Washing|=
el

Install solid blocks




It happensinwalls; too

Ve A OpCartopped Wl
(commonn i balloomn:
construction ot at the
patty wall 1n 2 split level),
cold attic afr will' dtop
dowil the center off the
wall cavity: to) the bottom!
& then rise up the sides
beimg watrmed as| it goes
back to) the attic,

Even i there 1s 2 header, ait:
will enter & exit through
any: ctacks of atound
pIpEs| & WILES.




It happensinwalls; too

>
b

ASHISCEoIASS At =
cven i taced —
OCS NOHATRE

(Cellulese blown ovet:
it 2l slowys ait:
MEVemenr
SemeEwWnAt DUt Aot
enough to mattes !




What’s the fix?

Rigidiblocking at
the top'!

The blocking should
be a hard material
— drywall, scrap
plywood; foam
board, etc. - cut to
fit & caulked in
place.

Fiberglass jammed in
the wall cavity and
sealed over with
two-part foam also
works well.




Then there’s Looping !
"\ A airalWaVSHISES & cold aralWwaysialls

nematierWhal size thercavityas:!

===

Alr Insi

dera wall cavity meves up the

eatedi side pickingl tprheart. It

then

dreps dewni the celd side,

depositing heat WhICHIIS 1R tlim

CONE

LUcted to the: exteror.

Nojish

[Re cavity, can e air-tight. Alr

dees net need 1o enter or leave!|t.




Looping minimized

e enRlys X ISHe packitihe
IStialieRIse it anfnmeVvement
ISTesticied. IS Is neanly
Impoessikie WitnMiikvenglass,
elauvely diffictlrwithrcelitiose
aid guite: easy Withr tWe-part ieam.




Gellings are nodifferent)!

IFthe attic; IS fioered oVver, ailf circulates Inside the

clesed cavity, canying heat frem; the: oetiem te the
leprwWhere It conaucts/radiates te the: atlic.

INICISAG, the heated air will rise eut or the: Insulatien &
INLe) the aitic WhEere It escapes througithe atlic
Venting.

Again, cellulese: slows, but deesn't step, the: air
mMoevement.




Bullding Envelope wWrap-up

(CONSIStS 0L

15 Heat barrier

2y WieIsStureroarrier
5, Vaper barkier

AT HRIEE VIUSAE BiE:

at the ' same plane
continueUs

durankle

accessihle & repairanie
doanie!




One last comment!

EVASWI eI/ StaCk/ et arVERrail;
MGVEMENRL; IS eV IIPESSIPIEO
ISplaler ene Calegen/fiem anoiiers:

SATRIREUSIon; Imilrauen, exiliauen; Wind-=
Washing andieeping alfge on

coRRUGUSIY = depending tpeRrtne cavily
CORgUANGNT & CONERLS, tIE Stienain of
the drvers and the size efithe heles —in
EVER/ CaVily/ el every/ bulding.

= RedlUcing the drvers IS Impractical.
= Yourtaskis e lecale & pluglthe neles!

e T e




Gosting Energy:rAir
ransported feat Loss:

0:0162 BiliUsirequired to raiserd clipIc oot of
alir - degree Eanrennelso::.

Q1= VX 0.0162 BITUXEATE = WhHENE

/' =velume o heated air
A= Difference in iemperature

Q= VX ACH % 0.0162 BIU X HIDIDrx: 24 [irs
Cu it/ FE
ACH = Air Change per Hour




So what does it cost?

RO = XAC X 0. 0162  BIIUXHIDIDIX 24 1S

= Cuiit, =

26 x40 ranch enrsiali=6r celing

0.5 ACH
7510)0) =|P)D,
Electine heat (S442 B/

ARnual cestiorheating esca
KWh?

)

RING alr @ $0. 15




GCalculations:

Q= ACTIH X 010162 BIIUHBIDIX245A1S
CUit/E

28I X A0 % 6 =18,960 CU" lIMES

0.5 ACH = A 480 CUr/ar times

0:0182B I U/cuf/CE =854 BIU/SE/RE — times

225 glo) s = 1956:96 BIU/SE/days times

7500 HDD = 14,677,200 BIU/NFdivided by,

(Electric heart) 3442 BIU/KWiar= 4304 KR/

(Annual cest) times $0.15 KWhi = $645/yi




Costing energy: 100 CFM fan
running 20 minutes per hour:

@I ="CENX (I minuie) x 0: 0162 BT U= BDID=2245931S
1ot CUNG/ =

100 CEN S 20 mimyms = 2 000@u/mr MEs

OL0AE8ZBU/CUl/SE = 36,40 BilU/SE/RE T IMES
(7S00 HDD! X 22F[eurs) = 6,552,000 BIlrU/\/r

USing| electrc heat:

6,552,000B T U/yr divided! by 344281 U/KWh =
1920Kk\Wh/yr times $0.15kWhi = $288% per: year

= Plus electricity for the fan (= $0.50 pet' month)




AtTicS & Crawispaces
ventiiation

=Ry airseal & Vent?

=\ RAES e PINSICS?
s\WRen derwe airseal? \Vent2
S OW2

= \\henre?




Improve 1AQ

sUncontrelied alfmeVvementinside a- puilaiing
MGVES GUONS & GIER COREMINARLS
tpreUgheUtRENUIEING:

"L S0l gaSSES; pallichlany Radon, Canioe
deadly:

"L PErseRs With Breating difficityg particuiarny,
astnmatics; ale eiteRrneganvely afiecied vy,
crawispace: generaied poliutants:




Buiding Durability

NGleouRd mpisture:cantmigiatestneugneil
tRerstrtcilre; causing meldranc e
iempie’ocalienRs:

N mprepery Ventedraitics can calse Ice
damming andiwalerrintrsien.

s Shinglerdegradationtis rarely antissue!




What's the physics?.

To evaluate airsealing & venting needs we
must understand the relationship each
has to what is occurring in the home.

Let’s think about it in terms of moisture.

Keep in mind that there are many
pollutants confined in the average home.
Most of them are air transported.
Understanding air transported moisture
will provide a key to understanding the
behavior and control of all of them.




Over the year, warm air rising is
by far the most influential of
the three drivers

AWV EmM the GeEean Ol e NillieR; tHEWIREBIGWS: Gy 115 Y010
e tmes wWhlle Ve therthiieercoldest months the AYrwWilliFee
PEWEEen 405="& 6O E 2477,

AOSEANF Creates = 1614 Pascall stack: pressure per ster/.
AIWE SteR/ eUSEe Wit a hasement caneasily creaie a 10

PAStack pressune onra celdiday:

Allfthe helesthelow! the neuiral pressure: plane will-leakam: All
tese abpyvewillieak ouis:

GIVen a randoem distrpution of the =200 1z el NoIes Inra
2000 CEMP envelope, (200/5 on)i40iin? will be in the ceiling.

In winter, from stack, a 20001 CEM2 house willlleak about 70
el al/minute threugh the: celling;




What does that cost per
year: (An interesting little exercise!)

I Eojfpplt]fer
@@=t/ OLOA 2B U/ H DD 24 7rs

O minute =45 200 t/hr
QU fichenaltheuse s, @) 7500 FH DD

Q=14 200/ A 0.0 8ZBIU/RE X 241rs X 7500H DD =
18,759,200 BiiU/healineg season

s How muchi#2 fuel s that?

At 100,000B T U/gal (accounts for seasenal IeSSES;, ete:)
we need 13,759, 200B1U/100,000BU/Gallon or 136

gal
= 138 gallons @ $2.40/gal = $331..20 per yeal




A closer look...

NDUHRGHEEANNEISEASENI CO) U aIA/
externerairisipuledinie e home threugdi
eWhelesranedieatiea:

sDASH WIS, IS Capaciiy/ te eld Wale)
IRCreases; i ases meistiresiem amy

RIGREr MEIStUre Content SeUrce: It CONaCLS:

VAR e same time; asirwamms and
BECOMES MEre hueyant, ItHSes Uprthireuagi
the bullding;

= Eventually it exits ieles at the top...




4 Waere it eeptiets sollel eolel Stiffsleas Slen) is
il Lpleleirsieler o)f iple o) eleielc

e ENTBISIUEICENEENSES GUL -
e OHINGHIOST G HIE dEeCK:
EVEenRtually; WiERFtHE atic Was;:
e iENesEmelis anad; asiiguidWaters .
- UAS BAcK deWRIIe thEe IVIRG Space: ..

o (WHErE It may/ e SEEN as a ool Ieaks:)

REMEMBErF that molsturers enly ene pelitiant
caieal oy moving air Wihle CONWonHt
CONCENSE: ORI e el deck & cause rot, 1xwill
PaSSs teuUgh the heme;, SICkeRing the
@CCUPANtS; 2SI goES:




(Attics & Crawlspaces)
venting) rarely’ Wworks!

"N DEESHit reduce short iermimelsiure buildup
Deesniextendishingleliie.
DEESHpPrevent meld grewii

May diy uilding CompeRents
Erem an annual perspecuve only,
Reguires excessive heat less o net dry

[DeRE Hght, can reduce Ice dams




Globally:
What 1o dOox=:-

(In order of importance)

"N Selate e atticHfirem e nealed space

NN pPoSsSsIkIE; CensIdera ok ool
KEEP moIstlre eui ol the clawispace

TmoIstlie gets Ini= get v out!

fIce dams Nappen; coel the atte.

fifaced wWithr Code eniorcement, document
e existing| Venting with ZPIDreeiore adaing

ventiation.




iIsolate the atiic

4 Ntpplees @ple.

Iselate the attic fior e,
e

theliving space!
Always!
Noermatier what!




Ridge ventairsource 2

. qrrh .

17?'x 4> matched board 1




Hot Roof

S REOISIMPIyAMEaRS e RSUaneRNS CIECHNAnR
contact Withr tnderside: ofi the reol deck. TThere Is ne
Venting.
Ifhe technigue Is usead when:

e reoi cavity/ Isiteo small te allew venting & sufficient

Insulation

fhe reoi design (I-e. Mansard, cathedral, cross perin post &
peam,, Intersecting dermers) doesn't allew adeguate venting.

Ifhe attic can noet e airsealed fromithe living space
GUess What? Dene rnght, It's code approveadl




Attic

Note heavy mold
& water

Attic “super”
connected to living &
very wet crawl space

below. No practical

! ey BEN | WS .
way to air seal. P | Soaked insulation

i _41




Attic - before &
after







Crawil'Space voisture

SN ENROI RGN ERREZ

Wet-dny cycle

When humidity 1s high;, moeisture enters!
" Glround cover?

Stanaing water?

" Guters & swales

As with any pollutant, preventing
entry is fiar preferable to removal

whichi is, in turn, far preferable to
dilution.




Condensation on a crawl

| |

wall:

4ih'

The solution?

Ground cover




(New construction)

he=perfect’ crawl

&
\G utters

Crawl included in envelope

|

Ground slope away from house

One piece 6 mil poly
extended over the
foundation




(Retrofit)

hesperrect” crawl

N
\G utters

Crawl included in envelope

N

Ground slope away from house

One piece 6 mil poly
sealed to underside of
floor decking

Poly on the ground with foam blown
up to the deck works extremely well.




The ultimate crawl retrofit |




~Very low ceiling crawl:
r’Bﬁfore & after




jce Dams

"N Cerd amsiypICal AU ECASE SO COVEL
Realthe 1op ol a ool meltsiheiore that near e
eves, he meltruns down the reol and
[elieezes in the snew remaining ever: the colder
eves; a layer at a time,, until a natural dam

puIlds up.

= Conventional wisdom: says i a reefi s
sufficiently: vented i willwarmmr & melt Uniiermiy,
preventingtherice buildup.

Rrtne real world; things have: a way. efi being|a
tilermoere complicatead!




Iit’s always ' snow meit
refreezing:

Iwo Questions:
\VAVAIS It mEInGZ
(@, WhyAs It Ret meltngruniicrniy2)
=\NVRVAISIE refifeezing 2 ©)

Refreezing is always caused

by the lower edge of the /
roof being cold.

The easy fix is a heat tape. /ﬂ

It's an energy hog!




Why is it
Melting? Solution?

— — _ R AISETAtliCTR
nSUficient atichnsuiatien . Airseal

Pporalfsealing

HEALSOUICE TN athic Duct out
Bath/kitChen vVent=dumje* Add Venting!
SURFNItING o0 fiyou cantt

Architecturallanemalies selve b, aheat
Interseciing dormers lape may e
Eraming| detalil e only way!

—

©




Lower/(shed) pltch

ur--no--ln“\‘

i: a". e . Fpa e
| Ra. L

3 _:'E._ : o

|

!!..1 ; I "H'.‘ T

Upper pitch underinsulated & undervented




A puzzler!

| unheated shed |




Why dorwe
insulate?

SaVe energy

REemoeve meisture
Plevent conaensation
Dy up mola

Rlievent rot

Extend shingleliie
Satisty code officers

Does it work?

NG

NG

NG

NG
Prehalnly
Usually:




Why do we vent
attics?

Does it work?

Remeyve moistlre Raely
Preveni condensation NG

EXtend shinglelie NG

SaVe energy. N[0}
Preveniice Dams SEMENMES
Saltisty/ Coee oIficers Usually,




Why do we vent
crawls?

Does it work?

REmeVve moisture Raely
PleVvenicondensalion NG

Dy up meld NG
2lEVent 1ot N[0}
SaVe energy. N[0}
Saltisty/ Coee oIficers Usually,




Why do we air
seal?

S SaVerenergy

Plevent condensaten
Dy up meld

RleVent ot
PrevVenice aams
Extend shingleliie
Saltishy/ code officers

Does it work?

YES
Yes
Yes
YES
YES
Prehally
IN/A




Always Remember...

N pstiaeRraRcaISe Al e Werdistnet
2CHVIUES:

=VitRr e W EXCEPHRS = 0aIMS, SEaled-in:
PlaCE ISEEYAnUaIeEaIUS & e dENSe-PaAcK
cellliose = InRsulanen deES ol create an

aliiseal:
sAIrsealingldees netisulae:

=CAlSealing WitheutiRsulaing IgReres
CORSEN/AlIeN GppeUnIN BIg time

= pasulating Witheut airsealing can cause
SErous prekiems! For instance...




NSO EAIRINETAN

APRCE = WIEERIC AT

AlRSEAEINGHNIFE=VWIIEISIN@IFAEEECININTE

VEIEOVIE@EATRIVIOVIEIDNINIGNNT EANNIE

BY STACK EEEECTH

hediveris the

AN (IIVIRGISPECE G GULEB0)S):

'S e same: e pag=the eles = Nasnt
Changeal elther.

Same holesywill
THE SANEAN®

e same: pressure: GVer tne
MeVe the same ameunt e air:

UNIF @E WARIV, MOISITAIR

WILCLE CONNNUE O ENTER TIHE AINNEC

ERON INEIE TV

NG SPACE IN'SPIIE OF IIHE

ADDED INSUILATION.




INSIUEATING Frl= AR WIEE EOW ST 5=
Al ChEN PERANURE BECAUSENMFERE S
FESS CONDPUEHIVENEIEAYFE@SSIEROGIVINESE
HOUSE TONVARINVIENE

ATTIC SUREACES — PARTICULARLY THE

UNBERSIDE @EFE ROOE DECK —WiHICH

WILEL

IENGIFHAVE BEEN COLEPDIENOUGEH IO

ALIEOVW CONBDENSATNONE SUPPOIRIN

VIOLD GROWINE PRIORITOINSUILATING

NOW WIEIE BECAUSE IIHEY HAVE BEEN

COOLER NGO BELOW N E DEVV POIINI




= CONVENTICINAESEECRRIE)N
SADIDINGHANRNECAASININISANN@IN =

WIEIESVI@SHF EIKELENYACAUSEEVIENHVIORIE
CONDPENSAINONHNAIHE AINIC BEECAUSE
IEEATRNEWILEIE NOV SUCK HARDER ON

HEHOUSE ] INCRIEASING IHIE

PRESSURE ONMHE EXISHING HOLES &

BRINGING EVENIVIORE VWARIVI; MOISIFAIR
UPTEROVI BELCOVV:

AIRSEAL THE ATC !
-




Samplie House #2

20550 ranchren il concreie hasement
AVErage: 2" Expoesedicencrele hasementwaill
7500 HDIDr=@pen; ruralfanesa

Garaee; Peller Washer & dierin hasement
8" Cellings - main oo & hasement

1000 gallons #2 iuel oll'="$450/gallon

3.9 Elberglassiwalls

6 Elberglass attic

Continuoeus rdge: & sofiitventing

DHEW By immersion: coll in boiler




Homework:
EorSamplc Elouser2%

Assumer7oswallFatear=tRE2NWind oWs) o d 0TS
Wihatis the home’s annual sutface heat lossiin Bz
Wihatisithe annual stuttface hcat loss cost?

What is the velume of heated space?

Main fleor? " = Basement 2
Assume 1T ACHL.

What 1s the annual'cost torheat the ait moving
through the house?

If"the house were aitsealed to .55 ACH what would
the annual savingsibez

Weds reading: Keiooer Chap 5, 6, 10




