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Presentation Outline

* Background definitions

* Airflow physics fundamentals

* Predicting airflow resistance

* Predicting driving air pressures
* Conclusions
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Rainscreen Definition (RAINA)

“An assembly applied to an exterior wall which consists
of, at minimum

. an outer layer, Outer layer
(cladding)

. an inner layer, and Cavity
. Inner layer

o a cavity between them (support)

sufficient for the passive removal of liquid water and
water vapor”
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Structure / Backup wall
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Rainscreen Definition (RAINA)

“An assembly applied to an exterior wall which consists
of, at minimum

. an outer layer, N

g Ventilation!
. an innerW
. a[cavity]betw n them

sufficient for the pasSive removal of liquid water and

[water vapor”}
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Core Requirements

Practical Conceptual Rainscreen

~ + Cladding = outer layer

* Air & Water control = inner layer Vent—~"

¢ Gap = cavity

e Often we add insulation (ci)

* Air Barrier & Water Resistive
Barrier is a code / practical
requirement

an

Drainage and
Ventilation Gap

Air&Water Control

Insulation

Base Flashing \
Drain & Vent .

Opening I

Structure / Backup wall
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Two Ventilated System Types

Type 1: vents top and bottom

L

Vent Openings

Drainage Plane

| (bprtibr]al)

(WRB)

Ventilation &

Drainage space

Flashing\
Vent & Drain =

Openings
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Structural Support / Backup

Type 2: distributed vents

Vent Openings

Drainage Plane
(WRB)

Ventilation &
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Drainage space

Flashing

Vent & Drain
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Structural Support / Backup
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What / Why Ventilation Drying

Defined: “intentional airflow between exterior and
cavity”
e]1. Important for some systems that

o retain drain water, and/or
o have claddings that absorb water

o). Bypasses cladding vapor resistance
eLow permeance metal, HPL, even fiber cement




Air Flow Physics
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Ventilation System Decomposition

D
* A=>B and C = D are vents c
* B => Cisthe cavity
* Flow is constant along the path
* Hence find pressure loss for each of the
three steps at a given flow 5
A.
AP
APtotal = APVent, entry + APcaVity+ APVent, exit | |
N >




Flow through Slots / Vents

* Pressure drop varies with dynamic pressure (v?)

AP,..=C-%-p-v? (velocity = flow / area)
* Coefficients from testing / SMACNA / ASHRAE

@A DUCT DESIGN TABLES AND CHARTS
3

Table 14-10 LOSS COEFFICIENTS, ELBOWS (Cont.)
Use the velocity pressure (V) of the upstream section. Fitting loss (TP) = C x V,

D. Elbow, Rectangular, Mitered (15)

Coefficiomt C (See Note 2—Page 14.19)
H/W

025 | 05 075 | 10| 15 | 20| 30| a0 | s0 | 60 | 80
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20 008 (008 | 0.08 [007 | 007 | 0.07 | 0.06

30 0.18 | 017 | 017 | 036 | 015 | 015 | 0.13
45 038 (037 | 036 | 034 | 033 | 0.31 0.28

4 60 060 (059 | D57 055 | 052 | 049 | 046 | 043 | 041 | 039
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\‘\d a0~ 1.3 13 | 1.2 7 1.2 1.1 1.1 098 | 092 | 0.89 | 0.85
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Experiments (Pinon et al 2004)
I T T - - -

Vent size Cavity Depth Inlet Outlet Inlet+Outlet
27¢ 19 (3/4”) 2.13 2.01 4.14
9.5 x 57 19 2.25 2.02 4.27
_ (3/8 x 2-1/4) 50 (2”) 2.19 1.38 3.57
_ 100 (4”) 2.29 1.19 3.48
_ 10 19 1.81 1.93 3.74
_ (3/8”) 50 2.24 1.71 3.95
_ 19 19 1.84 3.02 4.86
_ (3/4”) 50 1.67 2.06 3.73
_ 100 2.21 2.61 4.82

Source: ASHRAE RP1091 RDOH



AP, +=C: % p V2

vent

e Most vents have a C of around 2.0. ..

* But, a )2” diameter hole every 24” o.c. has an area
over 60 times less than a }4” slot

* For the same flow rate this is a difference in pressure loss of
over 3700!
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Recommended

e Relevant coefficients from research

AP,...=C-%-p-v> remember v changes with Flow and Area

Slot vents Orifice vents
d )
—> —>
S
Entrance: Exit: Rectangular Elbow: Rectangular: Circular:

C=05 C=088-_ = C=1.O-1.50‘L/Cy C=06-0.8




Flow Through Cavity

* Assume laminar flow (most common)
vh Qh

* AP

ity “4610y d2 4610 Y b d3
d is the cavity depth [m],

v is the cavity flow velocity [m/s]

h is the cavity height [m],

b is the cavity width [m],

v is a blockage factor, and

Q is the flow volume [m3/s]

* Therefore, for cavity double the flow, double the pressure drop

RDH



System Flow

* Analysis can now match applied pressure loss to air pressure
differences driving ventilation

i d
D, & !
S _
APyer=C - %2+ p - (QlAery)* ! | h = cavity height or
distance, vent-to-vent
AP Q- h =
cavity 4610 -y - b - dd AP h | d=depth of free air space
] s = vertical dimension of a
[ vent slot
AI:)vent= C-"%- P (Q/Avent)2 i __
A° ?

RDH



Air pressures driving
ventilation
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What drives ventilation flow

* Wind pressure variations

— Highly variable can be large, often small

* Thermal buoyancy

— Reliable, predictable, upward

* Moisture buoyancy

— Small, upward

RDH



Wind pressure variations

0=0° 0=15° 0 = 30° 0 = 45°

70 301 59
X 2 60
ls‘o \10 \
o' 0
20} }/
I\ |

Example pressure contours from
ASHRAE Handbook of Fundamentals

RDH

Highly dynamic
Direction up/down

Ventilation can be driven by
spatially variable pressures

Varies as fraction of
Yo p - v2
Perhaps a few % to 50%

Commonly a few Pa to short
bursts of 20-50 Pa




Wind Pressures Can Drive Ventilation
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Thermal buoyancy

* Predictable, well-studied, operates for hours
* Ranges from around 1 to as much 10 Pa for most systems

AP/2 Example: 2.4 m (8 ft) tall,
J < s 20C 68F in cavity
] ] " . @ 0C 32F outdoor air
j j Pout ~a Pressure difference is 2.1 Pa
' . ' </Pcav
To h Tc : :

5 AP =3465h (1/T_-1/T_ )

) e

AP/2
Solar Buoyancy: acts when solar heat
RDH

is available to evaporate water



Measured Thermal Buoyancy Flow

0.4

 Measured cavity air velocity

e Aclear 1-1/4” air space under low 0.3

wind speed conditions

0.2

0.1

Airspeed in ventilation space (m/s)

0

0 S 10 15 20 25

Temperature difference between outdoor and
Popp, W., Mayer, E., Kiinzel, H., "Untersuchungen Uber die Bellftung des airspace air (K)

Luftraumes hinter vorgesetzten Fassadenbekleidung aus kleinformatigen
Elementen", Fraunhofer Institut fir Bauphysik, Forschungsbericht B Ho

22/80, April, 1980. RJ .l



Temperature (C)

Field measurements (Finch et al)

60 600

50 Temperature - Ventilated Cavity .'.‘ o 500 3
— -& — Temperature - Exterior Air ™ /\ £ 2
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| Calculated Ventilation Rate (ACH)| - / . \ _S ©
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Finch, G., Straube, J. "Ventilated Wall Claddings: Review, Field
Performance, and Hygrothermal Modeling”. ASHRAE Thermal
Performance of the Exterior Envelopes of Whole Buildings X
International Conference, Clearwater Beach, FL December 2007.
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Ventilation airflows
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Calculated Air Flow Rates

10 +

—m—Wall #1
——Wall #2
—o—Wall #3
—»—Wall #4

Flow Rate (Ips/m width)

0.10 1.00

Pressure Difference (Pa)
Wall #1: 10 ft high, 2" deep air space, 1/2" diameter vent @24" o.c. top and bottom

Wall #2: 8ft high veneer, 1/2" deep air space, 3/8"x2.5" @ 24" o.c., top and bottom
Wall #3: 8ft high veneer, 2" deep air space, 3/8"x2.5" @ 24" o.c., top and bottom

Wall #4: 40 ft (5 storeys) high, 2" deep air space, full-width 1/2" slot top and bottom

0.1

10.00

Vast range of performance
between common systems

Well vented systems show 100x
more flow than poorly-vented

Vent area is the dominant
factor

Cavity depth is not a big factor

RDH



Measured Ventilation Rates

e Field measured with
tracer gas

e Slot vents, %" cavities

* |Intentional ventilation
results in around 1

Bassett, M.R. and McNeil, S., 2006. Measured
ventilation rates in water managed wall cavities. In
Research in Building Physics and Building
Engineering (pp. 403-410). CRC Press.

Calculated ventilation rates I/s.m

10.00

1.00

0.10

0.01

¢ Drained and ventilated walls 11, 12, 15 and 16
o Open rainscreen walls 1, 2 and 3

4 Open rainscreen walls 25 and 26

¢ Drainage plane wall 6

Vented t p d bott
ente op an ottom Y
AA& l<> 080%0

PP oo
(] <o

DDD

o b
g o™

Bottom vent only

”

3
’,&}O}A sNo intentional ventilation
‘ L J

o

<

0.01

0.10 1.00
Measured ventilation rates I/'s.m

10.00
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Ventilation to bypass Cladding

Volumetric Flowrate (cfm per ft’face area)

* Many modern panel
claddings are vapor
impermeable

— Steel, alu, HDL

* Ventilation allows
vapor to bypass
vapor resistant
cladding

* Very little ventilation
is required to do this

Equivalent Permeance (ng/s-mz-Pa)

175

17.5

0.0002 0.002 0.02 0.2
10000 7
1000
Tl‘ansitiona|//

100 7

_//.,\06

Diffusion Dominated // '/

Example Cladding
= 90mm Brick veneer

1.75

o©
o
Equivalent Permeance (US perms)

0.02

10 T O“\\(\"/ 12mm Wood
(\o“o = 12mm Painted wood
. Q 3
\\e“‘\\ Impermeable - Metal/Glass/Polymer
0.0001 0.001 0.01 0.1 1

Volumetric Flowrate (Ips per m’ face area)
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Building ventilated systems
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ilation Gaps

Vent
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Ventilation Gaps

* Holes in horizontal girts
are flow restrictions

=,

HORIZONTAL ORIENTED
GIRT ONLY

SYSTEM DEPTH: 0.75 INCHES
(FACE OF RIGID INSULATION TO FACE OF RAIL)

QUICK LINK: SECTION VIEW  PLAN VIEW
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Vent openings

Clear air spaces

Vent holes above
and below window

Vent holes at top
and bottom of wall

Small vents, but can be somewhat meaningful



Open Joints = Large Vent Openings

» Highly Ventilated! —

-

» Hardly worth calculating
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Ventilation Openings are Often Blocked

* |nvestigate specific systems, many have poor vents

This system closes joints

3 on the face ... 2 q_
and opens them top and B
—— : bottom 3
2 E— ©® © — 1
N (R 140 || 40| | ® |
N ERI==—_ | |
I e H 4 ‘
R | — ro-ooo-- 8 <0.8mm
| — ; | 4, Perforated Angle
| — © © How perforated?
R | | 25%? 50%
min. 120

RDH



Joints are not always vent openings

Large continuous
vent slot opening

4

- Pl |
Alternate Detail: /

no venting at all!

7 4
CHHS= i
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Joints are not always vent openings

-

5/8” X 1/8” .

i};w[![l}lllull} ,l]l'l”ll é‘ll‘ll’l]f“l]l‘llé\ .

2 “

Just two small weep (vent) holes
at each panel base.

RDH



Vent holes

* If used, usually biggest
resistance to air flow

* Vents control ventilation and
pressure equalization performance

" 22 :9";,“ 3
Weep Hole in Bottom of ACM Panel
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o METAL COMPOSITE PANEL WALL
SUBSTRATE
A/V BARRIER + WRB!!
INSULATION

GALVANIZED Z—-GIRT
METAL COMPOSITE PANEL

|~ ALUMINUM COMPOSITE MATERIAL
PANEL SYSTEM EXTRUSION
;PANEL BULB SEAL
|_—PANEL PERIMETER POP RIVET

PANEL WEEP ¥*g¢" HOLE

T4 | "2 PER PANEL @ % POINTS

v

Weeps, yes, but
also vents

JOINT VARIES
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Unvented Metal Cladding

Metal is a perfect vapor barrier
Often not intentional ventilated

During cold weather

— condensation occurs on back of cold
impermeable metal

— When warmed above freezing,
condensate runs down by drainage

— “weeps” out at bottom
Ventilation would be better, but...




Summary
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Some conclusions

We can calculate and roughly predict ventilation flow
Ventilation flow is resisted by both vents and gaps

Vents seems to be much more important and significant
Larger gaps are more important for Dimensional Tolerances

We don’t have very much detailed information about common

vents, drainage mats, etc.

RDH



Practical Implications

Not all systems need ventilation

... but it is almost always helpful for rainscreen walls

Required amount of ventilation for benefit varies

— Moisture sensitive claddings benefit the most

Both vent openings and gap must be considered

Many current systems have very small vent openings

RDH



Questions?
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Vented vs Ventilated

o
o
[ Vent V
Drainage and L

Ventilation Gap

Drainage Plane

Insulation

Opening

Base Flashing \
[Drain & Vent I

i':'—

Both have air gaps, both are drained

Structure / Backup wall

Drainage Gap

Drainage Plane

Insulation

Base Flashing

Drain & Vent
Opening

]>_

Structure / Backup wall
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