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Stuff That Is Not Particularly Useful But Studied
and Researched to Death

Stuff That Is Very Useful but Ignored by the
Research Community
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Stuff That Is Not Particularly Useful But Studied
and Researched to Death

“this is called Physics”

Stuff That Is Very Useful but Ignored by the
Research Community

“this is called Engineering”
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“this is a lie”
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Flow Through Orifices

Turbulent Flow - “inertial effects”

Flow Through Porous Media

Laminar Flow - “viscosity effects”
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Flow Through Orifices

Turbulent Flow - “inertial effects”

Flow Through Porous Media

Laminar Flow - “viscosity effects”

“true but not useful”
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9) 2
Q0=A-C, ;(AP) Bernoulli
0=C, B(AP) Darcy
u
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1
2

Q=A-C, %(AP) Bernoulli
Q= CKﬁ(AP) Darcy

0 = A-C(AP)?

O = C(AP)



O=A- CD[%(AP)F Bernoulli

0 =Cy ﬁ(AP) Darcy

0 = A-C(AP):

O = C(AP)

O = A-C( AP)" Kronval “an engineer”



Figure 2.5
Modes of Air Flow

Air Flow Rate
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Material (L/s)
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Across The Material (Pa)
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Leakage

Flow
Q
A
Q = f (Dp) » k (Dp)°
Q = air flow, volume/unit of time
Dp = pressure difference
k = coefficient
b = exponentin approximate _ _
leakage function it 220 P03
Pressure Difference i

(Ap)

Figure 2.6
Characteristic Curve of Leakage Flow as a Function of Pressure Difference
(from Nylund, 1980)
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Leakage
Flow

Q = f (Dp) » k (Dp)°

Q = air flow, volume/unit of time
Dp = pressure difference
k = coefficient

b = exponentin approximate
leakage function

1>p3>0.5

Y

Pressure Difference
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Figure 2.6
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Building Science
Joseph Lstiburek — Airflow 15



Leakage
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Figure 2.7
Two Dimensional Multi-Cell Analogue
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Figure 2.8
Three Dimensional Multi-Cell
Analogue
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Figure 2.9
Two Dimensional Multi-Layer Multi-Cell Analogue
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Possitle ar flows around
sill of a wood-framed house
modeded 88 a resistance network

AP,

1. Air permeating the wood-panel cladding

2. Ax flow between floor slab and panel

3. Ax flow between floor slab and wind protection
4. Ar permeating the cauliung

5. Ax flow between wind peotection and sil

6. Ak fiow bewteen Insulation material and sill

7. Ax flow between inner lining and sill
8. Ax flow between inner lining and floor stab
9. A flow between fllet and inner linng
10, Air flow between fillet and floor slab
Figure 2.10
Resistance Network

(roen Kronwvall, 19800
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Three Dimensional Multi-Layer — L}
Multi-Cell Analogue —




Figure 2,12
Three Dimensional Multi-Layer
Multi-Cell Non-Contiguous

Analogue
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31
Exterior Air Pressure Field
{from Hutcheon & Handegord, 1983)

32
Exterior Air Pressure Field
Extending Below Grade

Distribution of pressures ( + ) and
suctons ( - ) on a house with a
low-sioped roof with wind
perpendicular to eave




Pressure coefficients on walls and roof of rectangular
buildings without parapets.
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Figure 3.3
Interior Air Pressure Field
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<+— Gypsum board

Brick veneer ——»

Interior spaces are at a
@ positive pressure relative
to the exterior

Air space ———— -

o
NN N N

Air is drawn through the
furring space behind the
gypsum board (furring

o strips are not continuous)

Rigid insulation

ﬁﬁ—

Concrete
masonry wall 5

NN N

\— Cavity spaces within the
demising wall are at a
negative pressure relative

O to the exterior and relative

to the interior occupied space

Metal studs are perforated
permitting air to be drawn
@ through the wall cavities

Figure 3.4 0
Interstitial Air Pressure Field

o
NN N
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Air Conveyance Systom Air Prossure Field

(from Saues & Howell, 1990)

figure 3.5




Supply air into occupied
zone returns to AHU by

Air handling unit extracts air from dropped
ceiling, conditions it and injects it into the

passing through deliberately| occupied zones via supply ductwork

porous dropped ceiling or

through return grilles
installed in dropped

B Dropped ceiling
depressurized by
air handling units

coning | extracting air from
dropped ceiling
Air handlmg ir handling {

O [s e O,
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Brick veneer

Building paper

Air barrier system not present
to prevent air from being extracted
from roof assembly

Interior gypsum
should extend to
underside of
roof deck and

be sealed

Exterior sheathing

Metal stud wall

Cavity insulation

T Corrugated metal
= roof deck
'/ £ Membrane roof
/ Rigid insulation
i e ————
/' NV AL N N ) LN T DN B
/
7 >
|
/ I Return plenum operates l
= A ] under negative pressure relative @ \
o to occupied space and exterior
£ X Suspended ceiling
~
Z > Top chord bearing roof truss
.
L7 | i
<«— Interior sum
7 7 ayp
T
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Brick veneer

Top chord bearing truss

Building paper
Ny Ny N=Y NB7 Y & & Ny

Interior gypsum >
should extend to .
underside of floor ,
deck and be sealed

]

Return plenum operates
@ under negative pressure relative @
to occupied space and exterior
Exterior sheathing
Metal stud wall \
Suspended ceiling

Cavity insulation Interior gypsum
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and is sealed
sheathing
Cavity insutation
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Air barrier system present
to prevent air from being extracted
— from roof assembly -

.
Corrugated metal
roof deck —
Brick veneer
Membrane roof
5 / Rigid insulation
| _>§ ______________ T —
Building paper il LN I\ LN SN N N
- = \
Interior gypsum Sealant
should exte?d to v L @ " @ @
| :
:Jongedrz&e aond it — Baftel “compartmentalkzes” dropped
be sealed ? ceiling return plenum preventing
- dropped ceiling pressure fiekd from
= 1 extending o exterior wall
) j’ i/////—fr’
Exterior sheathing LB =
7= @® @ @
Metal stud wall A | Grille at perimeter "bleeds”
¥i j interior pressure field to roof
Cavity insulation Vi > assembly
VA, Interior gypsum

Figure 6.1
Compartmentalizing Dropped Ceiling
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Corridor outsice
Rooftop air supply Rooltop
exhaust fan L ‘5 exhaust fan
——

Bathroom «jgef™] [ Bathsoom

exhaust exhaust

/

& L
= =
g :
& g
g -

Bathroom =i -
exhaust
Figure 3.8

Hotel HVAC System

i Hotel Room/
+ Air exhausted from bathrooms Bath Sulte Corridor
via central rooftop exhaust fans ks
+ Air supplied from cormdors . ¢3¢

via undercut doors
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<+——— [nterior gypsum board
Brick veneer I o ; —~ :
p Metal studs are perforated

permitting air to be drawn
! through wall cavity

Air space O -

ﬂo

)

Building paper

e e —
Gypsum sheathing -

o \ Interconnected hollow wall
cavity constructed from metal
studs with punched openings

—— = acting as an air duct

@)

Fiberglass cavity
insulation

O ' Interior spaces are at a positive

pressure relative to the exterior
A =
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/— Supply air opening

———— I e e e s e e ag

Hancler bl
n

/
S S S

2 aaa 22, 1
Gypsum board Return grille —/ Return grille

closure filter

Supply “sleeve”
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Adjacent Hotel Room

(1) —

P ®
Exkeil;im = Partition wall (demising wall)v @ e —
: \Dropped
S Fan-coil ,ceiling |
4—1-_ o CD {return
-;; I.,:. . phml .
| o o [ET
- Hotel Room \\ :
\
Sz ]
= Bathroom
S

() —

Interior
Corridor
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+ Room is 0t pOSive A pressuno relathve 20 maonon-dmon air fom coendor and Sr suppiod 10
room fom fan-coll unit pulling air fom excencr shrough the demising wall

+ Fan-cod unt depressurizes droppod coling assembly due 50 resum plonem design

+ Derising wall cavty pulod NEgatvg due 10 COnNDESon 1 deoppod colling ronsen plenum

Fgaedn

Pressure Fleld Due to Central Exhaust

Plan View

* Loakage of conyal exdiust et pulls o out of Servic) shal doprossurizing shaft and
derising wals
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PTHP ocatet mwwriey @ 0 (=) (=) 9
il of each sute SEPYNG - o
20 Us when £ 8 Opeiatng
™ o
¢ = =
b ) -~ - (’"_\,
" Comce Motel Room
Sresuse  Bes Dat> Se Nah Guste
mmm:unug
PTHP'S 00 i) appeasmate - =
207 Suty Cyce andl ar ¢ (=) (=) P
aunsted Dy torSruousy ./ ./
cperatng root %O
anaus! e
™ e
T © S
Non sse Reguaraton Mestng Room
RO CONLOne sopa sy
Fgue 55
HVAC System for Hotel
= 25 Us is exdracied from ¢ach suito
« 15 sutes per fioor plus 100 L's extracted from each cormdor
= 475 Us extracted per ficor

« 2850 Us extracted from 6 floors with sufles

+ Each suite’s PTHP supples 30 Us when it is operating. One addtonal PTHP serves each comidor
supplying 100 L's of cutsice ax. A total of 550 U's & supplied per floor when all the PTHP's on a
ficor are operating

* However, the typical duty cycle of 8 PTHP is appeodmateldy 20%, Le. 80% of the units are off at
any one time

* When 3 suse PTHP's and the comidor PTHP are oparating only 160 Ls suppled to a floor. f 475
U's is extracted per floor. a deficit of 285 L/s exists par floor or 1,710 Lis for all the suite floors
combined.
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Figure 3.23
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R0t W00 outsoe ar fre
conddaratyg units ol
2.000 Us of sl Semgaratre
A M appraneately 500 R H

o
s Spol i oy +
+
v -+ +
+
' @ +
F
v & +
+
¥ +
+
- +
+ ’ i
Nos sute Reged aton Meetrg Room
£o0r CONBLONed parately

Figure 5.7
New Air Pressure Relationships
» Hotel sute floors supphed with 4,200 L/s of preconditioned air

* Hotel sutte floors are exhausted to a fotal of 2,850 Us
« Surplus of 1350 L/s pressurizes sufle floors
« Stairwel hald open with magnetic latches
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Stpewell door Sipewedl S0
M roof Open at roof open

\
J
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/.-
\
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Butter Fiooe '\+| @

Test Floor \+\'

E 3
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&

Stavwol door Starwell dooe
at base open o1 Dase opon

b

Figure 5.6
Air Leakage Test Zones
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Smchn Pressurzation System -

Outyce ar 0 (6000 L
o 12,000 chrmy)

o/

Smok Exracion System -
smcike ot (6000 Ly
o 12,000 cin)

— -!-/ "i"
1 '{Eff Fre toor = -)
* @ “+
* P “+)
» @ ®
Non st Regstas0n Mioetny Raom
100! CONBUOTGS MOV Iy

Fgure 5.9
Smoke Extraction System

= If hotel is pressurized 25 Pa and smoke floorMoors are depressunzed 25 Pa, net mnimum smoke

control pressure difference s greater than the design specified 25 Pa

» Approximately 1,000 Us per floor is required to pressurized each floor 25 Pa relative to the
extarior or approximately 6,000 Lis to pressurize the 6 hotel floors with suites when the roof fop

exhaust systems are not operating
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Figure 3.12 ';"'-_‘-_"I"l""-"-;l
Ductwork and Air Handlers i I }
in Basements | & |
» No air pressure differences result in S } Air G } e
a house with an air handler and | i {H ,
ductwork located in a basement ; ; I }
if there are no leaks in the supply - - . © L M T
ducts, the return ducts or the air
ED £

handler and if the amount of air
delivered to each room equals the
amount removed
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Figure 3.13

Ductwork and Air Handlers

in Vented Attics

» No air pressure differences result
in a house with an air handler and
ductwork located in a vented attic
if there are no leaks in the supply
ducts, the return ducts or the air
handler and if the amount of air
delivered to each room equals
the amount removed

Air handling unit

e e 2 N
I 1 I
I |'| 1
T s Y
I I I
! | :
1 . T
I I I
I I I
T 2 Y
Voo o e ot o oie o afe?

,—-—-—ﬁ\
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Figure 3.15
Leaky Ductwork and Air Handlers
in Vented Attics
» Supply ductwork and air handler
leakage is typically 20% or more
of the flow through the system

Leaky air handling unit
and supply ducts

Air handling
unit
£ T 1 &

| Ifl l
Supply Return Supply

© @ @ @

Depressurized conditioned space
inducing infiltration

~dh

TI—
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Duct Leakage Should Be Less Than 5% of Rated Flow As
Tested By Pressurization To 25 Pascals
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Air handling
unit

I
PN

Supply Return Supply

Note: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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Figure 3.16

Leaky Supply Ductwork in

Vented Crawl Space

» Air pressurization pattern with
mechanical system ducts in the
crawl space

N
Vv
N :
LN
1V

Depressurized
conditioned space

© 6 ©

'\'," ——

_ | Air |
handling
Supply unit%- Supply
Return

Leaky supply , T
ducts

T L _1T =

/ @ L] L] @ L] L] L] @

Crawl space > 1! ¢ = &

Lo
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Pressurized

Leaky return

ducts il @ bedrooms @

Supply Return Supply

$ N

%
Tight supply Nl
ducts
(el
Air | |9

Figure 3.14 :
g @ handllr1? s @

Leaky Ductwork and Air Handlers Depressurized  |“"'6
in Basements basement
 Air pressurization patterns in a N I._lI F

house with leaky ductwork in
the basement
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Figure 3.18

Insufficient Return Air Paths

» Pressurization of bedrooms often occurs if
insufficient return pathways are provided;

undercutting bedroom doors is usually Air handiing
insufficient; transfer grilles, jump ducts or o —
fully ducted returns may be necessary to i 1T l
prevent pressurization of bedrooms Supply Retum Supply
« Master bedroom suites are often the most @ @ ©) @ @
pressurized as they typically receive the
most Squly air Bedroom Hall Bedroom
* When bedrooms pressurized, common
areas depressurize; this can have serious ————"‘r_l-' J_;\
consequences when fireplaces are located

in common areas and subsequently
backdraft
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| __— Girille located high in
wall on bedroom side
to avoid blockage by
furniture

Cavity is sealed tight,
drywall glued to studs and
plates on both sides

//—\; Grille located low in
wall on hallway side
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10-inch dia.
flex duct (typ.)

Sealant

Ceiling—" f

grille

‘ \— Ceiling

grille

Wall cavity
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Rooftop exhaust depressurizes
dropped ceiling and classrooms

Y-

e e e com e e’ cmme  cmme  cmmn e  — o— ———o— o—— a— ay

Classrooms are at a negative
@ pressure relative to the @
crawl space
and the exterior

| J

| ' I

Figure 5.1 —} Vented crawl space is at the same pressure {—
i . . as the exterior and at a positive pressure

Problem Pressure Relationship — ‘ relative to the classrooms ‘

* The classrooms in this school

operate at a negative pressure T T T T T 1

with respect to the crawl space

}
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Figure 5.2

Moisture Movement

« This wall section illustrates moisture
movement from the crawl space into
the wall cavities and dropped ceiling

©

nmmml
cailing due 10 negative
peessure from rool 1op
exhaust and AHU's
within dropped ceding
(see atso Figure 3.21)




«————— Plaster

M Wood furring strips
. create air space

i

Figure 5.3

Ground Cover Installation

= This wall section illustrates proper installation
of the polyethylene ground cover
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Figure 5.4

New Air Pressure Relationship Vents ars
Clo

Rooftop exhaust

Classrooms are at a positive

pressure relative to the crawl

space even with the
roof top exhaust operating

« Closing the crawl space ventsand ~ _ =22 I )

using an exhaust fan in the crawl
space depressurizes the crawl space
relative to the classrooms

Continuous ground cover
reduces evaporation

==

Exhaust fan creates
negative pressure in the
crawl space refative
1o the classrooms
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Figure 5.10
HVAC System as Designed
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Figure 5.1

Unintended Pressurization of Interstitial Cavity
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Figure 5.12

Modified Pressure Relationship
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P, = outside air pressure

P, = inside air pressure

P. = cavity air pressure

A; = leakage area across exterior
of wall assembly Po

A, = leakage area across interior APg = Pg- P <
of wall assembly

Figure 4.5

Measurement of Series Differential Pressure
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0 =C,AAP," = C,A,AP’

CEAE _ Apln
C,A, AP/
A, (AR
A AP,
1
(A AP
A, AP,

from Hutcheon & Handegord, 1983
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Figure 4.3

Multi-Channel Pressure Measurements

« Six channel micromanometer connected to laptop computer used to map pressure in the hotel
room described in Figure 3.6

+ All pressures measured relative to exterior air pressure

+ Pressure response determined by opening and closing doors, cycling fan-coil, rooftop exhaust
and corridor make-up air systems




= Leakage area betwoen ambient and extenor wall covity

* Leakage aroa between axdevior wall Carety and demsing (pantion) wal cavity
* Leakage 8 batesen exieron will Carvly and holed toom

= Leakage area betwoen exderion wall Carvily and damsing (pantion) wal cinty
= Loakage aroa Detwosn Semeing (Danton) wal cavity and hotel room

= Leahnge area betwosn demisng (Danion) wall cavity and hotel room

- mmmmmpumumm

= Leakage area between hotel room and conndor demising wall cavity
- mmmmmumumm

PR PARIIRP

R, = Laakago 3r0n betwen comdor demining wall Cirely and coeridor
Vi * Pressue in exterior wall

V, = Pressue in hotel room

V. = Pressure in comdor

V., = Pressure in demising (parition) wal cavity

Vo, * Pressure in demsing (portion) wak cavity

Viey ™ Pressure i comdor demising wall Gavity

Fagre 325
Eloctrical Analogue of Hotel Room




2 B
< (=]
£| Room B 18
=
Exterior
2
e s
H Room A 12
2
Corridor
2
2 5
H Room C 12
ZM
Figure 4.6

Series of Rooms Connected
to Corridor
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AE P AACOI’
)
[
APg, <o AP,
Smmmm— A AC

ACor

AI=AAB+AAC+A

Figure 4.7

Initial Pressure
Measurements

» Door to corridor in Room A closed

» Doors to corridor for Rooms B and
C are open

* Windows in all rooms closed
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e A
FO AB—I

Ak AACor

Pc
APg, < o :I SAP,
_AAC

A]=AAB+AAC+A

ACor

Figure 4.8

Subsequent Pressure

Measurements

* An opening of known size, A, is added to
A: (i.e. window in Room A is opened)
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Po . P
el
Pc Ancor
]
]
Po
Figure 4.9

Determining Leakage Area A,
* Windows in Rooms B and C are
opened

* Windows in Room A are closed

r

+ Doors to corridor for all rooms are
initially closed; door in Room A
subsequently opened
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Tracer Gas Data (HVAC System on intermittently)

50

45 N

40 —e— Basement
;335— —m— First floor
£ 30 NW
2’25 NE
& 2V —x*—SW
% 15 —e—SE

10

5 =

AN

12:00 12:58 13:46 14:34 15:22 16:10 16:58 17:46 18:34 19:22
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Standard Contam96 Analytical Model (HVAC System on)

50

45
Sgg —e— Basement
< —— First floor
£ 30 NW
g’25 NE
= 20
2 16 —e—SE

5

12:00 12:50 13:40 14:30 15:20 16:10 17:00 17:50 18:40 19:30
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» Tracer gas test of a production Building America house in
Sacramento

« 2-story, 4 bedrooms, ~2500 square feet

« Ventilation systems tested: supply and exhaust ventilation, with
and without mixing via central air handler
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Floor Plan - 2 Story House

BREAKFAST BEDROOM |©M.BATH | M.BEDROOM
FAMLY
© T KiTcHeN | ) = [
2 — — BA, :
' W.C.
ORRNG | seoroom | [| A4
1 !
, LAUNDRY
LIVING OPEN TO BELOW
BA ENTRY GARAGE
BEDROOM
Poncu‘ l SR [
1ST FLOOR ZND FLOOR




Zones - 2 Story House

KITCHEN @

@ Tracer Gas Sample Points
A fxhaoust Fans

Tracer gas decay tests—establish uniform concentration of tracer
gas and then activate ventilation system to remove it

Reciprocal age-of-air can be calculated from decay curves (if
weather conditions are sufficiently constant)
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Example Results of Tracer Gas Testing

Laundry Exhaust, 100% of 62.2 Rate, Doors Closed, Transfer Grills Open, No Mixing

{1 T i lii iih it BF i trE A EEt drri i LIl
e BR1
60 + 303.,_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ° lemg ,,,,,,,,,,,,,,,,,
80 %", e Kitchen
[ 1o} o "o
of o Tog, e BR2
—~ o2, ° %,
® 504 i.”"..’ """""" @ BRZ
£ "8 S e,
£ “elo, "o, o o MBR
- [ ]
c 404 %o % . . %y
(@] e %0 .. ..
= 0,°% o %%
o e 0O .. ..
-— ° .’ PY )
® a9 o %8, % . O o
e % 3' % %,
o % "8, © o
O [ J .' ... LY
© *e. .'3 % ..’o
L o %o, glg %0, o %%,
) 20 '.!. "' ... .C.. """""""""
; |..'..' .... ....
Zone Measured Reciprocal o..'!.. ..n... ®oe,
Age of Air (1/hr) 'o..!gg”::“--n... oo
10 3 BR1 o18 | 7 el !!!u“';;”'-u..g..
Living 0.16 e8333g55cte
0 Kitchen 0.16 | | | | |
6:00 PM BR2 0.11 :00 AM 4:00 AM 6:00 AM 8:00 AM  10:00 AM
BR3 0.13
MBR 0.14
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Example Results of Tuned CONTAM Model

Laundry Exhaust, 100% of 62.2 Rate, Doors Closed, Transfer Grills Open, No Mixing

TO
—BR1 (simulated) e BR1 (measured)
"o — Living (simulated) ¢ Living (measured)
607 1 ”’.’ e  —Kitchen (simulated) Kitchen (measured)
S
: o —BR2 (simulated) e BR2 (measured)
.
~ 50 - wre N o, BR3 (simulated)-------- - BR3 (measured) - - - - --
™
% ——MBR (simulated) « MBR (measured)
E
= 40 N R N T e
R
g
I
e 30 " e T e
2. '
@]
®)
(o]
% 201 |
n . .
Reciprocal Age of Air (1/hr)
Zone
Measured Simulation
10 {----- BR1 0.18 0.19
Living 0.16 0.18
0 Kitchen 0.16 0.18
6:00 PM | BR2 0.11 0.11 2:00 AM 4:00 AM 6:00 AM 8:00AM  10:00 AM
BR3 0.13 0.13
MBR 0.14 0.13
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Bedroom 1 Pollutant

20
ol S e

e o e e

m)

3 14

Pollutant Concentration

11 2/20 4/11 5/31 7/20 9/8 10/28 12117

— BR3 —MBR — BR2 —Kitchen Living —BR1
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Kitchen Pollutant

Pollutant Concentration (ppm)
w

Al
0 4 | | | | | | |
1 2/20 411 5/31 7/20 9/8 10/28 12117
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9

~
L

o

o
L

I
L

w
L
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n 2/20 4111 5/31 7120 9/8 10/28 12117
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Master Bedroom Pollutant

Pollutant Concentration (ppm)
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Pollutant Concentration (ppm)
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n
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o

Pollutant Concentration (ppm)
>

Pollutant Concentration (ppm)

Bedroom 1 Pollutant

7 2/20 411 5/31 7120 9/8 10/28 1217

—BR3 —MBR —BR2 —Kitchen Living —BR1

Bedroom 2 Pollutant
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Bedroom 3 Pollutant
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71 2120 4 o131 7120 978 10728 12117

—BR3 —MBR — BR2 —Kitchen Living —BR1 ‘

171 2120 4 5731 7120 978 10728 12117
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Total Pollutant Concentration by Room

w
o
!

N
(@)
!

A
(&)

Pollutant Concentration (ppm)
N
o
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|
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Figure 5.13

0 Pascals
between attic
and exterior

Attic

50 Pascals
across exterior
wall

50 Pascals
across attic
ceiling

50 Pascals
across exterior
wall

!

Well-Defined Pressure Boundary
» Pressure boundary defines effective building envelope environmental separator

IJ_.I\
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Figure 5.14

25 Pascals

between attic

and exterior

Attic

Extremely porous
ceiling assembly

50 Pascals ¢« | |

across exterior
wall

\' 25 Pascals
across attic
ceiling

50 Pascals

wall

— A

Poorly-Defined Pressure Boundary
» Pressure boundary poorly defined — ineffective at ceiling

» Pressure boundary not continuous at ceiling

‘J_.I\

across exterior
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e~

50 Pascals
across exterior
wall
50 Pascals
across rim ¢ A7 N
closure &
0 Pascals between
— floor assembly & [
interior

Figure 5.15
Tight Rim Closure
» Floor assembly “inside” well-defined pressure boundary

» Pressure boundary continuous at rim closure
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Attic

50 Pascals
across exterior
wall
25 Pascals
across rim
closure (‘
25 Pascals between
P floor assembly & e
interior

Figure 5.16
Leaky Rim Closure
» Floor assembly “outside” pressure boundary

» Pressure boundary not continuous at rim closure
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Figure 5.17

Floor cavity

is effectively

outside of < ZAN =
the building K 7 N SN

P

N\

/

4

due to poor
rim clsoure

-—____.—-

Pressure Boundary at Interior Floor

» Pressure boundary not contiguous with building envelope thermal boundary
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Poor rim
closure

Poor rim
closure

Windward ) r’\-} Jram—Rg r-i\ ——_— r/\-b ey |_c@Ward

“Wind tunnel” effect through
S open webbed floor trusses as a
result of poor rim closure

Figure 5.18
Wind Tunnel Effect
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Figure 5.19

Supply Duct Leakage

 Leakage of supply ducts into floor
space pressurizes floor space leading
to exfiltration at rim closure

o~

Exfilration {-—@® [ 4

Air
handling
unit

| ®—> Exfiltration

Building Science

Joseph Lstiburek — Airflow

182



Infiltration —pe | __ © ____ _© © {5 Infiltration
T' T T i T N A T
Return Return
— @ e ——
| Air |
handling
unit| |
Figure 5.20
Return Duct Leakage i = db

» Leakage of return ducts into floor space
depressurizes floor space leading to
infiltration at rim closure

Building Science
Joseph Lstiburek — Airflow 183



Figure 5.21

Combined Floor Paths and Pressure Drivers

* Vertical and horizontal communicationol open webbed floor trusses through firaplace and utiity
chaseways

* Pressure drivers are wind, the stack effect and the operation of the HVAC system
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Exhaust vents (8 inch
Sameter overy 15 eet)

Melos m honzoctal biockng
(3 - 3 inch dameter holos per
block per stud bay)

Figure 1: Ventilation of Exterior Walls
« Outside air supplied into suppy manifold
+  Exhaust manifold vented through roof




Outside Outside
ar ar
opanng COEMNY
Existing extorcr wal

.-.gg.-

Figure 2: Plan View — Ventilation
«  OQutside air introduced into supply manifold at
bottom of walls through vents penetrating exterior

wall and stone
* Vents minimum 14 inches x 14 inches
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Now memtrars ool

s T layors /e Paulation
tabed Over exndng

Ennstrg ments e

:swn
4 Sealart 0N each
20! 10 DereTenat
- Wood 1 arme =antod

Figure 4: Exhaust Manifold
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o WioOd Srame maniold;
12 inches wide by
I 18 inches high

- 6 inch diameter hole in
each stud bay

Figure 3: Supply Manifold
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l»—‘ Second layer of 2-inch foil-
faced isocyanurate held in
place with cap screws:; all

: . seams and screw openings
mgszp"e‘fgtﬁ'::;e' taped with aluminum tape
DO e |nterior cladding

—— 1x4 borate-treated furring

Ilr screwed to studs
First layer of 2-inch foil-
faced isocyanurate held in

L 2 place with cap screws; all
One 4-inch diameter seams and screw openings
hole per stud bay taped with aluminum tape
Screened Sealant
vent hood

—— New concrete slab (w/c
ratio less than 0.45)
* | Epoxy coating on slab
I L 4
i v
i
&
anty ‘.ll'.'l'm l‘.L'l'.lnL‘Ll‘ll' L _WW membrane
AL | taped to st layer of
from wall at 5%
(6 in.per 10 ft.)
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Solid blocking
(no vent here)

/ .

1x4 borate-treated
furring screwed to bottom
chord of trusses

Second layer of 2-inch foil-
faced isocyanurate held in
place with cap screws; all
seams and screw openings
taped with aluminum tape

First layer of 2-inch foil-
faced isocyanurate held in
place with cap screws; all
seams and screw openings

I taped with aluminum tape

1x4 borate-treated furring
screwed to studs

Two 2-inch diameter —
holes per stud bay

=T

- Interior cladding
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