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Agenda

Understanding pressures

Intro to Zone Pressure Diagnostics

Why aligning boundaries is important
When to take direct zone measurements
When to use advanced ZPD

How to take the best measurements
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Intro

How many use Blower Doors regularly
Jsing Infrared with Blower Door
Doing Blower Door guided air sealing
Zonal Pressures

« Taking measurements

« Using measurements to guide your work
Pressure Pan Testing
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Intro

»  What are you testing?
 Attics, Garages, Crawlspace, Wall / Floor
Cavities...

»  How are you testing?
 Direct Pressure
 Charts
e (Calculators
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Understanding Stack Affect

1 atmosphere = 101,000 Pascals
Or about 3 Pascals per foot of elevation
Cold air is denser than warm air

Mrosphers, _ _ _ o e e e e D kPa
Mount Eve
C b S T S PP 31 kPa_
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STACK EFFECT At Top and Bottom:

Stack Pressure (Pa) = Stack Pressure =
H = distance from NPP (ft) '_
A T = inside/outside temp. diff. = 2.7ra
) : + Pressure .
— Neutral Pressure Plane |,
20 F . 0F -
: — Pressure
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At Top:

STACK EFFECT '0_06173‘1,3 x50 ¥
— . a

Stack Pressure (Pa) = At Bottom:

(0.0067 xH x AT
.0067x 13x50F
H = distance from NPP (ft) _ * o
AT = inside/outside temp. diff. = 4.4Pa
— N H=
— + Pressure . 3 ft.
__. i T\Ieutral Pressure Plane |«—
20 F ‘ 70F )
> — Pressure :
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STACK EFFECT At Top and Bottom:

Stack Pressure (Pa) = Stack Pressure =
H = distance from NPP (ft) ._
A T = inside/outside temp. diff. = 18Pa
+ Pressure
Neutral Pressure Plane

20F
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Pascal’'s Principle

»  When flow is added or removed from a single
zone building, the pressure in the building
changes by exactly the same amount
everywhere.
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Baseline Pressures
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-50 Pa Induced Pressure




Understanding Pressures
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DG-700 Pressure & Flow Gauge
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Pressure diagnostics -
Important to measure baseline pressures
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Wind Effect
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Figure 20 Flow lines around a simple building shape
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CMHC Research - Canadian Building Digests
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Stack Effect + Wind Effect = Baseline

Put outside reference tube on leeward

side of the house

Use time averaging

On windy days use software
Important to baseline:

» Blower door test
« Zonal pressure numbers
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/ZPD Basics

What do we need to know:

Where is the air barrier (Pressure
Boulndary) SO we can determine where to air
sea

Do the Pressure Boundary and insulation
(Thermal Boundary) line up

Are zones with poor air quality, such as
garages or crawlspaces connected to the
indoors

Is warm moist air getting into cold attics
How much can | reduce my blower door
number by sealing the attic
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Intro to ZPD

FLUMEING
STACK VENT I

BATHROOM
FAN VENT 1 AECESSED
/  LIGHTS

RECESSED
LIGHTS

E== & CRAWL SPACE

18 58 B [ T B R

~~=_>Air leaking into the house

®
2> Air leaking out of the house | I E ‘
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Pressure / Thermal Boundary

»  Visible signs of boundary issues
« Ice dams
« Uneven snow melt
» Attic moisture issues
»  |R with Blower door
 Attic temperature
»  Two options when aligning boundaries
« Seal attic bypasses
« Add attic venting
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Adding Attic Venting

Goal is to keep attic temp and RH same as
outside

lce dam prevention can be different from
energy saving goal

Intake = exhaust

Soffit vents + bypasses = roof vents

No soffit vents = warm attic in winter

Gable vents can be effective for a low attic
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Adding Attic Venting

« Adding venting alone:
« Will make direct ZPD numbers look better
« Increases CFM50

« Gan increase attic condensation and frost

« ZPD can help you determine how much
effective attic venting you have
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Attic Venting
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Intro to ZPD

Zone Pressures

Relative Size of Leaks

Zone-House | Zone-Out Zone-House | Zone-Out
12 38 2 1
25 25 1 1
37 13 L2 1
41 9 1/3 1
45 5 La 1
438 2 1/8 1
49 1 1/13 1

Sources: Michael Blasnik and Jim Fitzgerald
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Intro to ZPD

Attic Zonal Reading of 25pa

Means hole between Attic and House is
Same size as Hole Between Attic and Outdoors




Intro to ZPD

Attic Zonal Reading of 48pa

Means hole between Attic and House is
1/8th size of Hole Between Attic and
Outdoors




Intro to ZPD

Attic Reading of Attic Reading of
25 Pa

48pa




Direct ZPD Measurements

»  Measure pressure change caused by
blower door

»  Examples:
 Joist cavities in 1 V2 story house
 Kitchen soffit
 Attached porch roof
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Direct ZPD Measurements

»  Misuses of Direct ZPD Measurements
« Assume that a high house to attic
number means air sealing is done
» Set a house to attic target of 45 Pa or
higher
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Direct ZPD Measurement Objectives

» |s azone more connected to inside or
outside

»  Does Pressure Boundary and Thermal
Boundary line up

STEC

The Energy Conservator




Direct ZPD Measurements

One-and-a-Half
Story Cape Cod

Heated first and second floar
rooms over a heated basement

Note key air
sealing junctures

¥] Air Sealed
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Direct ZPD Measurements

Zone Connections (Manometer Outdoors)

A

Porch WRT
Outdoors = -20 Pa

Porch roof cavity is open
to exterior wall cavities

+ The goal is for the zone WRT
outdoors to be close to 0 pascals




Direct ZPD Measurements

Enclosed Porch Strategies

[EC
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Direct ZPD Measurements

Enclosed Porch Strategies

[EC

neryy Conservatory




ZPD Objectives

Advanced ZPD Measurement

»  Determine leakage from building to outside

»  Help access IAQ issues, such as CO from
attached garage and bad air from crawl
spaces

»  Determine effectiveness of air sealing, pre
and post

»  Makes air sealing targets possible
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What is Advanced ZPD

Using software or charts to calculate cfm
leakage between the house and a zone

Requires adding a hole or opening a door
house to zone or zone to outside

The expected value must be greater than
the cost of performing the test.
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Interconnected Zones
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Calculating the Results

»  /ZPD Trainer with Cox / Olson charts

»  TEGCTITE and ZPD calculation utility
software

» RED ZPD Calc Tool

RESIDENTIAL ENERGY DYNAMICS
MM OVA

TIVE SOFTWARE SOLUTIONS The Energy Conservator




ZPD Trainer Demo
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Fil=  Help

Refresh | .

attic wrt outside

! 80 h%tch opening

-5.0
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[~ Open Door ¥ Cruize 50 I e -l Restore
¥ depressurize Original Dofaulte
Kl [ []
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TECTITE to Gather the Data

Date of Test: 5/8/2017 Test File: 5-8-17 after hatch Date of Test: 5/8/2017 Test File: Untitied

Zonal Pressures (Pa)

Zonal Pressures (Pa}
50 a5
g _—
& =
40 5 3 !I -y
o
e =
0 = 20 e
» i o o *
20 = 15 - P
R 10 =
10 =
P 5
= ~ n _— w— 8 —u—8 o
-5
045 ] o 0 0 o 50 o
Building Pressure (Pa) 10 o 0 20 30 40 0
Building Pressure (Pa)
Building Zone to +-
to Zone Dutside Zone +- Building Zone to +-
Zone @50Pa @50Pa Pressure Pressure Pressure to Zone OQutside Zone +H-
Mame Reference (Pa) (Pa) (Pa) Ratio Ratio Zone @50Pa @50Pa Pressure Pressure Pressure
Name Reference iPa) (Pa) iPa) Ratio Ratio
attic-P3 out 4752 248 0.47 0.050 0.008
attic-P4 in 4740 260 0.51 0.052 o.010 attic-P3 out 14.20 35.80 1.78 0716 0.036
attic-P4 in 13.26 36.74 200 0735 0.040
Nominal
Building attic-P3 attic-P4 Nominal
Pressure Pressure Pressure Building attic-P3 attic-P4
(Pa) (Pa) (Paj Pressure Pressure Pressure
(Pa} {Pa) {Pa}
0.1 0 o
49.90 290 46.85 0.04 539 6.74
45.26 2.38 4275 48.92 32.08 16.38
41.20 237 3880 42.90 28.33 14.06
4.4 1.48 3288 39.15 26.22 12.56
30.00 172 2833 36.37 23.96 11.98
24.87 1.25 23.56 29.99 20.01 9.61
2026 0.9 18.26 2568 17.23 8.15
16.85 22 1429 20.72 14.16 6.40
R 012 -0.06 14.83 958 479
127 118 007
Zone Data Report Page 2 of 2 Zone Data Report Page 2 of 2
Date of Test: 5/8/2017 Test File: 5-8-17 after hatch Date of Test: 5/8/2017 Test File: Untitled
ZPD Input Table ZPD Input Table
Building Basdline Standard Deviation: 0.12 Pa Building Baseline Standand Deviation: 0.18 Pa
Zone Zone to Outside Zone Zone to Outside >
Hame Pressure @50 Pa Name Pressure @50 Pa
243 -35.80
260 -36.74
Blower Door Flow: 1218 CFM Blower Door Flow: 3748 CFM

Largest Ring Used: Ring A Largest Ring Used: Open




28l e Pressures wrt outside (Pa)
Baseline BDon Change _’?J
House |0 _50 -50
affic |-2_? 9.2 -65

BD Flow (CFM) |1?26 Ring !A -]

1D: 26th street.

Openingfromlattic :]tc:-’house :Hhatch jl?DE Sq. In. _’?J

Baseline BDon  Change
House [-2.4 -52.3 -49.9

attic |-2 2 298 -37.6

BD Flow (CFM) ]3950 Ring !Qpen vl

< Previous | *‘?'Z:ije_\fi"?ﬂﬁ‘-l All Pressures wrt Outside Next >
Test ID: 26th strest Zone Tested = attic
| il
* Zone Shifted by -31.2 Pa, From -6.5to -37.7

Leakage Range

ZPDCU =

. house to aftic 99 141
without TECTITE leakage (sq.in)

attic to outside 387 438
1043 CFMS50 leakage (sq. In.)

leakage through 874 1212

+/- 169

< Previous

zohe (CFMS0)
* Adjusted to a house pressure of 50 . Next>




. 7PD Step 3 - Test Readings - No Openings

ERsti T idhotes Pressures wrt outside (Pa)
Baseline BDon Change
House |(;; |~5E} -50
attic: [ |}2.5 2.5

BD Flow (CFM) |1218 Ring IA 'I

TestID: 5-8-17 hatws

Openingfromlaﬂic jtoihouse Llihatch :I|650 Sq. In. LI

Baseline BDon  Change
House [0 50 -50
aftic |g- |-35.8 -35.8

Plll'lg |Qpen vl

_ Next>

BD Flow (CFM) |3743

All Pressures wit Outside

<Previous |

S SFID BT Rt

Tl e
S e

Zone Tested = aftic

* Zone Shifted by -33.3 Pa, From -2.5t0 -35.8

/PDCU

with TECTITE

Leakage Range
min max
house to attic 39 79
leakage (sq. in.)
attic to outside 374 427
leakage (sq. in.)
leakage through 365 721

zone (CFMES0)

* Adjusted to a house pressure of 50

Next>




=20 Web Based Software

RESIDENTIAL ENERGY DYynAMICS 7
INMNOVATIVE SOFTWARE SOLUTIONS | Reset || print | ﬁ‘

'FlECI Zone Pressure Diagnostics

Zone tested |attic

Blower door test type | Depressurization ¥

Use Advanced Inputs

Initial Zone Configuration

: Pressures [Pa] | BD off ~ BDon AP
I I T T y
|House wrt outdoor | |0 -50 -50
F - - e -p .
House wrt zone ¥ 2.7 -46.2 -43.5

Blower door flow adjusted to 50 Pa [[CFM ¥ |] [1726

Zone leakage ratio (zone-to-house : zone-to-outdoor) =1 : 3.4

Modified Zone Configuration
Hole/door located between zone and |House v
Type of modification  Add a hole or open a door ¥

| Pressures [Pa] | BDoff | BDon | ap

2.

IHouse wrt outdoorl 4 -52.3 “—49.9

House wrt zone ¥ | 2.2 .-14.6 “712.4

Blower door flow adjusted to 50 Pa [[CFM v |] (3950

Results for Initial Zone Configuration

Leakage @ 50Pa [ Leakage area
: : E
| [cFm ~|] | [inz +[1
T T
£NE;10, 1100 = 540 120 + 58 laso
1000 CFM50 |
Zone-to- [ I

3900 = 660 420 =77 19%

460 outdoor N
+/ Hualiay 1000 = 460 la4% | I E <
zone | | )

Percent of whole-house leakage passing through the zone = 61%
Version 2016-07-06_01:30 @© 2016 Residential Energy Dynamics, LLC y The Energy Conservatory
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Cox and Olson Charts

Start Press Ending Pressure After Making Hole to from House to Zone «E‘
T E
HIZ 44 42 40 38 36 34 32 N0 i 28 26 24 2 H 16 14 12 10 i 8 6 4 2 0 g
Z0|6 & 10,12 14 16 18 20,2 2 2 2 34 36 38 40,42 M 46 48 50| S Bofure il
50 | 0 oo e[ eno] von] eoo] oo von] eoeT wsn] von] oue [ 00 00 | woo | oo ] ooo T oon] von] soo ] soo] 0ae] 10%
49 1 035 | ozs | nas ] eze | ezo ] oss [ oar §oeas | eas | eaa ] etz ot | oan | e | oan §ooao | eos [ oo ] ons ] one [ 15% CEMS50
45 2 o5 | osa] oas| eze] a5 ] esz] ezey var] eas] ezz] ez 018 | o [ oar | oar g oss [os [ aas | oas ] oaa | Z0%
47 3 2 I I D ) R ) I ozi | ozs | oza] easg ooz ] ez ] ez ] e are | 25% 1726
46 4 125 | oo | s ] ess ] oso] asa] oas] sas| oaz] ezs 03z | vz | oz ] eas ] oze] eav | oz sas| oza] =28%
45 5 e I ) I T I I oan | oz | ezt ] eas Doss] ez ost [ ean] ozs HIZ
44 6 176 | 1ze | e | oo ] wsal ans | nee ] osz] ose o | oas | oz ] eat Doza] wze| nze] oas] 034
43 7 | 176 | ar ] e | ez §oose ] aer | eza] wss o5s | osz | aso ] o ooas | aas] ez ] ean] aze | 44 |
42 8 | zzs | 176 | taa | vzspoves | ose | osr [ use osa | oso | o5t ] wsay osz] oas ] war] eas| oaa
4 9 1 zeo | 476 | ar g ter | ae | e | ese 0.7z | wse | o5 | esr g ose] ess| esz] es1] s
40 10 1 zao | zas | a7e | 149 | 1z | 14 | w05 asz | orr | vz ]| ess ] vss| ez | ese| ose | 054
39 11 1 zas |zl aze | s ] s ] v g2 | wes | as | ozl oz ] oee] nes] osz] oso After Hole
38 12 1 iz | zsal zor] v | s s 10z | o | v | wsal oso ] ars ] ezz] ess ] oss
7 13 : ooy zas | zoa] e | ass 15 | 107 | nse | st osr | wsz] ore] s ] ens CFM50
36 14 | sazg zas| zzs | zoz] m 3 RN T TR T T I | 1950 |
35 15 1 | zed] eeof zas ] zoo a2 | aze | 121 ] 1z g o5 | oosa | esz) ese] osa
34 16 1 | axms| zzz] eno | zee 153 | taa | 13z | vz | s | e | ver | ese | 0s
33 17 1 I zos | zaa ] et 176 | asa | nas | aza ] aes | e [ ouno | rea ] ess HIZ
32 18 I I P AT ps | ze | aso foan Uz [ar [ aae | oz ] e
31 19 | I ddz | 349 N I R A T | 12 |
I 1 4
30 20 1 1 s | dos 1 zaz | aas | ez | ame g et | raa | za | 1z 12z
9 21 1 1 455 1 zrz | zze | ez | rse g are | ez | a0 | 1a1 ] 1
23 22 1 1 sia | ads ]| sez ] sos | mes| zzal an ] s ] rre | ez ] 1s | 1ae
27 23 |Attic Example (House in Winter Mode) 2o | age | zas | zoe [ ase ] 2o Danaf vsn ] aze | nez | 152 ANSWER
26 24 |Attic Access Closed with Hose Running to Blower Door Lt Do | zoa | sze ] zer | amal cze] con] a0 | 176 | 164
25 25 [Measure House CFM 50 (example: 2400 CFM50) 1575 | asz] sra] sae | zsny zas] zes| zee| 1es ] 1re CFM50 Diff
24 26 |Measure House to Attic Pressure (Verify with Attic to Outside) [ e | a5 | azs | 7 | susy avs ] zas | zes | zod| 1o
23 B f| emmiple: 30 A Hosse oA luc) 1 009 | dgs | anz ] zadp son | ees| ede| o 2oz 2224
;12 ;g Make Opening From House to Attic : 743 | 564 | as5 | zaz : 33z | 2oz | 2oz | 2| 243 o
(enough for at least & PA Change) cox] 521 ] asel sen] s ] eae] 252 2as Multiplier
20 30 |Measure House CFM 50 (example: 3000 CFM50) 1 795 | ez | s Dane | zsa] zaz] 2o 254 | 0.45 |
19 31 |Measure House to Attic Pressure (Verify with Attic to Outside) i o | sesy ase] zor] sz soa] ana =
18 32 |lexample: 20PA House to Attic) 1 s | ety sz | azs | zee] ssz] asr
17 33 1 751 | 5sn | ase | 15| ez zzz Maximum
16 34 1 so8 | 67a| sas| aer] zes| zs Reduction
15 35 795 | eza] saa ] aza] zez
14 36 [Take 2nd Blower Door Reading (3000) - First Blower Reading (2400) = 600 gda | T4z | 59| ase] azeo 1009
13 37 [Look in Row with 36 HZ and move over to Column with 20 H/Z to Find Multiplier =1.56 239 | 653 | 54z | des
112 ig [Lake BODX1 46 - 936 - : =t el Square In
10 0 (This is Maximum CFM50 REDUCTION AVAILABLE by sealing all holes to Atfic) -
9 41 |To Determine Uncertainty Range mulfiply Answer by percentage in Uncertainty Table 327 e ol
8 42 [To Determine Approximate Hole Size Divide Answer by 10 (936 / 10= 94 sq in} oz 3z
T 43 | o7 | ext expanent = 0.55
& 44 11.54 May 16, 2006

Anthony Cox and Collin Olzon, 2006, following Michael Blasnik

1009 CFM50
=/- 152

Low
Range

High
Hange

10.00%

908

11110

15.00%

gof

1160

20.00%

807

12110

2.00%

faf

1261

=STEC

The Energy Conservatory




Regions 8 and 10 Conference | Fargo :-

Questions?

Thank you
Paul Morin

pmorin@energyconservatory.com
612-254-2162
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