Uncertainty = t* SE(Y__)
where t =test statistic, taken from a standard statistical table of values of t asa
function of both n, the number of data points, and the confidence
interval, which is here taken to be 95 percent. For this work, with n
ranging from 63 to 138, t is equal to 2.00 or 1.98;
Y,.. =predicted value of either design or seasonal energy consumption; and
SE(Y,..) =standarderrorof Y ..

Y,.. and SE(Y ..) come from the following:

Ynew = a'+ b * Xnew

where a =intercept value from the linear regression of energy consumption
versus indoor-outdoor temperature difference;

b =slope value from the linear regression of energy consumption versus

indoor-outdoor temperature difference; and

2w =design or seasonal indoor-outdoor temperature difference.

And:

SE(Y,) = S*(1+1n+X,_,-X%)°/SS, )"’

where S =((SS,,- b*SS,))/ (n-2)"%

X, =mean of x-values (indoor-outdoor temperature differences);
SS,, =X(X - X,,)’ ; sum of the squares around the mean of the x-values;
X; =individual values of x (indoor-outdoor temperature difference) for each
data point;
SS,, =Z(y;- Vi)’ 3 sum of the squares around the mean of the y-values;

Ve =mmean of y-values;
y; =individual values of y (energy consumption) for each data point; and

SS

xy

(X - Xy,)” ; sum of the cross product around the means of the x- and y-

values.




As with distribution efficiency, each predicted uncertainty t * SE(Y . )isinunitsof Y ..
The following is used to obtain the percent uncertainty:

Percent Uncertainty = 100 * t * SE(Y ..)/ Y peu

Following the estimation of percent uncertainties in design or seasonal energy consumption
for two different duct configurations, the uncertainty in the percentage difference between
the two (the quotient of the two) is calculated according to the following:

LetDY ., and DY ., be the percent uncertainties in Y., (design or seasonal energy
consumption for duct configuration #1) and Y ,,, (design or seasonal energy consumption
for duct configuration #2), respectively, and let Qequal Y ., / Y ..., and DQ be the percent
uncertainty in Q to the same level of confidence. Then:

m = (]:)Yuewl2 + ])Ynewzz)o'5

B4
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Appendix C
Data and Miscellaneous Methods
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TEST PROTOCOL FOR DUCT LEAKAGE TEST COMPARISONS X codhel”

HOUSE. Dytause. - e Cicde RL DATEl[? /??/_1;; ) Shronke

I bud’ (,ov\(\ U(‘c&-\ on - ‘Sea\e,a, ',LJN‘V\SU\ Q‘e&/

This form is intended to facilitate a field comparison of four tests for duct leakage: fan
pressurization (two-sided duct blaster test with barrier); blocked-return house pressure
test; blocked-supply house pressure test; and hybrid (a single duct blaster test of the

. whole duct combined with the open-register portion of the house pressure test).

Preliminaries

1. All doors, windows, and other openings between conditioned space and
undconditioned or outside spaces should he closed. Vents to attics and crawlspaces
containing ducts should be open. Apy'basement that contains ducts and is considered
unconditioned should have at least one door o
duration of the test. Open internal doors Qv

2. Install pressure taps in supply plenum, supply trunk, return plenum, midpoint of -

return duct, and two additional points in the return duct, one upstream and one
downstream of the midpoint. Run plastic tubes such that these taps can be connected
to a digital manometer with its reference pressure within the conditioned space.

0 ting P in Duct
3. Tum on ﬁe furnace fan and measure the following pressures w/r/t House.

Location ~ | Supply | Supply " |Retun | Return Return | Return
Plenum |Trunk {Pt.1  |MndpePi4Pe 3 | Plenum

Presssure (Pa) | +Z3 | +\Tljp 1.3 -2-3 [-4.3|-7-9

T

we V' (S

4. Turn the furnace fan off. Set up the blower door and note whether pressurizing or

_depressurizing. Make sure the fan throat pressure is measured w/t/t inside if

depressurizing and outside if pressurizing. Use 4-wall manifolding. .

#indow open to the outside for the

Pobomated s %'ﬁomb' feg iwcs:CFmso 25,1675 (=44 5n=0.610

5. Blower door test of envelope in duct test configuration. Registei:s unsealed.
Register Target House | Actual House [Ring | Throat AP | CFM
Status Pressure Pressure
Open 25Pa
Open 40 - 50 Pa

C-2




i ¢
’ T conf |
, ;J Pressure Pan on Supply Registers, with Blower Door at 25 Pa |
g Register 1 2 3 4 5 6 7 8 9
J Pan AP (Pa) | |, |
| AL R R A o o N
. Register 10 11 12 13 14 15 16 17 18
~ J _ Pan AP (Pa)
ﬂ 6. Seal all the registers. Do blower door test on envelope in duct test configuration with
registers sealed. _
- I : Register Target House | Actual House |Ring | Throat AP | CFM
: Status Pressure Pressure
B‘F-J? ' Sealed 25 Pa
Sealed 40 - 50 Pa
1 e Wt B et s
) Hybrid Test C=43> T Ns 0.6 -
,’FJ 7. Attach duct blaster to the point in the duct system with the best air pathway to both

supply and return (typically this will be the fan access port in the furnace). Pressurize
house to 25 Pa at same time use duct blaster to bring average of supply and return duct

, J ressures to zero w/r/t house.

~ Target | Actual |Avg. of Supply, |Return |Supply |D/B [D/B |CFM
fl House House | Return Plenums |Plenum | Plenum | Ring | Fan
‘ Press. Press. | w/t/t House AP
] 25Pa. | 32 |0? © 1 =1 (#1510 |3l 599
_ 40-50Pa .| 45 |02 O -3 (+15 | 0 |54 | 767
i e
' G\J&w‘c\
]
C3
I



d Versi

8 Install barrier between supply and return duct systems.

conf|

9. Unseal return register and attach duct blaster. Check supply/return barrier. Unseal
one supply register. J#pressurize house with blower door and at the same time use duct

return duct Ikt to zero w/r/t house.

blaster to brin:
Target Actual | ReturnR-2 | Return D/B D/B Fan | CFM
House House |<wisipeinT | Plenum Ring - [ AP
Press. Press. w/t/tHouse | w/t/t/House
25 Pa 15 {07 O |misowng yA Y | 239
40-50 SNl S S In G

I

10. Move duct blaster to fan access port at furnace or to a large supply register. Leave -

the return register unsealed. Seal any unsealed supply-register. Pressurize house with
blower door and at the same time bring supplyhto zero w/r/t house. Measure

supply pressure at 2 registers with low pressure pan readings in part 5.

Target | Actual M Supply [Supply |Retum |Ring |D/B |CFM .
House | House Register | Register | Plenum Fan

Press. |Press. |wi/tHse |# 4. |# w/r/tHse AP

25Pa | 25 |02me | G0 |misowg |meomg | Z | 9¢ |15 2.
40-50 2 S0 B S|In G L
Fic Hom /

11. Unseal supply registers, reseal return register. Turn on furnace fan and duct blaster,
Adjust duct blaster until supply plenum pressure is the same as reading in part 3. All
readings w/r/t House ~Take 2 points if possible, one slightly above target, one slightly

below.
Target Actual Supply Plenum AP Return [Ring (D/B | CFM
Supply (Take 5 readings) Plenum Fan
Plenum AP Avg. | AP | AP ,
2%.5 2%.5 -1,0 | | |3L0| 745
NS 7 (9
/
C4

TTTTY »




House-Attic AP :
2 |FANOFF M V7| L6 | LY | 2.0 | agsb
House-Attic AP \ 5 1.0 |7 | /q ’,Lr %f
T3= FANON l,s. '/c '/7 ‘y? ’,s Avg:' *
House-Attic AP ’,5 ”s- ’,(" | ”(p 117 I,L,O BR'
4. Rctur_n-House AP e “f P2-7.5|m3.4,7 |t pm g 19
} 5 |pr P sl 443 52 ZU 3 |9 st 27 |36 6722 . SIBRZ
essure Pan A l ‘f g ) N
6 |EAN OFF 1€ {( 1% / ié 1 | 1.6 |avg  [pe=
House-Attic AP L | /,‘(a [ 1.6 |7 ,’3/ |, ‘7, 1€
R | 7FAN ON-RETN
E | BLOCKED
T |Return-House AP |'% Y S|P gl | Py, | 9
IB\I | 8House-Attic AP 24 |24 15 | 24 4 |Avg ul
L 25 |25 | %284 14 | 24 |2 z{
C : .=
K | SPressure PanAP |l gy |® |q,§ I S|l |4zt ’:M:,b\“‘\ $77% 2C
S | 10FAN ON-SUPP
U |BLOCKED: - [=
|P | Retum-HouseAP _[7%
g 11House-Attic AP .o , 0
K |12PressurePan &P | )74 |2 4z (2 43 (#]07 ’%\\’:”‘“‘3 * 4T 4L
. FAN OFF ,as— ”g‘ ’i(ﬂ 'lb/. : -.l’g A.Vg:
House-Attic AP {77 /.5 ,,g /.5 }‘_(p lpb"’
_____I|CPM@ Pa : —d
C-5



HOUSE PRESSURE TEST-RETURN BLOCKED VS. SUPPLY BLOCKED

House-Attic AP

House-Attic AP

-*| Return-House AP

Pressure Pan AP

FAN OFF
House-Attic AP

7 FANON-RETN |

C-6

R
E |BLOCKED
T | Return-House AP
;’ | sHouse-Atic AP | = .y
L -4
C
K |SPressurePan AP |3 L{;
s 1cr>3=oAN ONsupP | ... L
U |BLOCKED = -
P |ReumHouseap |  [n-1Y [R7.3|R-4.5 | 1z |
e :
g 11House-AtticAP | 1,0 (0,9 | 0.9 0.9 | 0. [4e 1 .
L M= 10 [z 7.0 6.7 [0 4 |
x| 12Pressure Pan AP |9 (157 [2 g% |29 1% 9, |® Yz |* FO ) ﬁJ
i B
113 | FAN OFF 2.0 .| |% . | T-) Avg:'f "
House-Attic AP 2.0 I/? 1.7 [.6G [,§ lo% _| ‘ (I
Blower Door CFM%=£&==_'==—_———-—=@ ;




HOUSE PRESSURE TEST--RETURN BLOCKED VS. SUPPLY BLOCKED

C-7

FAN ON 1.% |
House-Attic AP
‘ ‘ /5- l /(o ‘ /q ,
2 FAN OFF \ /’5 | ;7 ] /7 l ’5- ] /7 AVg:
House-Attic AP % V& | & 7 V.G | . | U’}
3 |FANON b b | WS 1Ls | 6 |
House-Attic AP .6 1,2 olq 0/7 1.0 ,,53
4 .| Return-House AP | & -3 |27 [y, 3[mm plm 7 @\?%l
S |PressurePan AP 139 |2j¢,5 (815 |#p0 .8 |51Y5 |25 sz%
6 | FaNOFF L7 1121 e e [as 319.3
House-Attic AP 2.0 | R R A I. 6 [,7 O \q
R | 7FAN ON-RETN '
E | BLOCKED
T | Return-House AP | ™% n-3g (P29
‘B“ SHouse-Attic AP | 2.2 | 2.2| 7.7 P
é VA Y 1.3 7.5 Z'qL ’I’%
K [ SPressure Pan AP i'l 4z “[g,z i S e :(c]
S | 10FAN ON-SUPP I . )
BLOCKED o =T | .. | — 4
g Rewm-FHouse AP | ™% n-)3 (2 (R Y ¢ e 7,7
b [ itHoussavicar T, [ 08 ] 1.0 | 1,0 | 0.3 |Ae 4|
c - Togloes| o] oeq | 67077
m#
x| 12Pressure Pan AP | ¢ |}Y ’2{1/4 B K0 ¥ G1 | 8837 ’sgg'g /-9
; —
13 | FAN OFF L Ls e L L )7 A"g’u 7
House-AtncP lf(p ’,C |, b ’,L [,é, \o |
CFM @ Pa ]



TEST PROTOCOL FOR DUCT LEAKAGE TEST COMPARISONS .

HOUSE éymc'usg ¥ Geke RL pate | //6/?9 BY P SHuI\L
Duck Conbquodnon & - <opply benkoge added

This form is intended to facilitate a field comparison of four tests for duct leakage: fan
pressurization (two-sided duct blaster test with barrier); blocked-return house pressure
test; blocked-supply house pressure test; and hybrid (a single duct blaster test of the
. whole duct combined with the open-register portion of the house pressure test).

1. All doors, windows, and other openings between conditioned space and
undconditioned or outside spaces should be closed. Vents to attics and crawlspaces
containing ducts should be open. Any hafemen
unconditioned should have at least ong door or »
duration of the test. Open internal doors: of—

2. Install pressure taps in supply plenum, supply trunk, return plenum, midpoint of
return duct, and two additional points in the return duct, one upstream and one
downstream of the midpoint. Run plastic tubes such that these taps can be connected
-to a digital manometer with its reference pressure within the conditioned space.

Operating P 0 D

3. Turn on the furnace fan and measure the following pressures w/r/t House.

that contains ducts and is considered
indow open to the outside for the

Location Supply ét;ﬁ)ly " | Return Return Return | Return
' Plenum |Trunk [Pt-]l. Mrdp't‘HZJ Pt.3 Plenum
Presssure (Pa) H%,\?, 4"9,7 ol Pr 2 'Z,:S 4.3 [ -6.7)¢

l x} ,\p..ii:bl"'

Blower Door Envelope Leakage

4. Turn the furnace fan off. Set up the blower door and note whether pressurizing or
depressurizing. Make sure the fan throat pressure is measured w/t't inside if
depressurizing and outside if pressurizing. Use 4-wall manifolding. . _
. Bl(é’etom thsa’ Gives © @705)] 25 306l 3 C-UT T N= G.0S

. Blow:

door test of envelope in duct test configuration. Registers unsealed.

Register Target House | Actual House |Ring |Throat AP [ CFM
Status Pressure Pressure
Open 25Pa
Open 40- 50 Pa
C-8




Pressure Pan on Supply Registers, with Blower Door at 25 Pa

Register 1 [ 2 [ 3 |4 |5 |6 |7 | 8 |9
PanAP (Pa) (2.2(3.1|2.%(3.3|Z27| 4.3 1.3 ).9 (1.7
Register 10 |11 |12 |18 |14 [15 |16 |17 |18
Pan AP (Pa) - ~

6. Seal all the registers. Do blower door test on env
sowve- 05 wn&t[\l

elo

e in duct test configuration with

rohion L. 2

registers sealed.
Register Target House Actual House Ring | Throat AP | CFM
Status Pressure Pressure '
Sealed 25 Pa | 1
| Sealed 40-50 Pa 50(%YY) 492>
" Hybrid Test )

7. Attach duct blaster to the point in the duct system with the best air pathway to both
supply and return (typically this will be the fan access port in the furnace). Pressurize
house to 25 Pa at same time use duct blaster to bring average of supply and return duct

pressures to zero w/r/t house.
Target Actual | Avg. of Supply, |Retum” |Supply (D/B |D/B | CFM
House House | Return Plenums | Plenum | Plenum | Ring | Fan
Press. Press. | w/r/t House AP
235Pa. | |- (02 O 1= 14+ |0 |30 | 572
40-50Pa .| 2L --{0?2 O 4.5 (#7250 |77 | Y0
T

&u& Dlosker morel oo feed fo

' v Q'mﬁe/

of 2.0 hovse il
C-9

- - S —
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8 Install barrier between supply and return duct systems.

conf Z-

9. Unseal return register and attach duct blaster. Check supply/return barrier. Unseal
one supply register. ,yepressurize house with blower door and at the same time use duct

blaster to bring return duct ;eiimai. to zero w/r/t house.
Target Actual | Return Return D/B D/B Fan | CFM
House House |Jwiadpwt®T | Plenum Ring - [ AP
Press. Press. w/t/tHouse | w/t/t/House
25 Pa 175 |o? 239
40-50 0?

A_Save. S CONJ\“\?UQ*\UY\ A<

10. Move duct blaster to fan access port at furnace or to a large supply register. Leave - -
the return register unsealed. Seal any unsealed supply register. Pressurize house with
blower door and at the same time bring supply-glgmmse-to zero w/t/t house. Measure

supply pressure at 2 registers with low pressure pan readings in part 5.

Target | Actual |Supply |Supply |[Supply |Return |Ring |D/B |CFM .
House [ House |Plenum [ Register | Register | Plenum Fan "
Press. |Press. |wi/tHse |# -k # w/r/tHse AP

25Pa %‘\' oy 0,0 |missing [mwoing | 105 |40Z
40-50 |24 1no |

T

54 a5 Afsp even FReGoh press PR W past S 1 7ZRC
M\\ hcﬂ\no:T& ()O\n%’ NQO\&F\)& \gg"stf v

11. Unseal supply registers, reseal return register. Turn on furnace fan and duct blaster.

Adjust duct blaster until supply plenum pressure is the same as reading in part 3. All

readings w/r/t House. Take 2 poin

adche d

S if possible, one s].xgjt\fly above target one slightly
\Q. 'S \hS

below. p\uwm Nery uns
Target Actual Supp]y P-lenkaP Return | Ring D/B CFM
Supply - (Take 5 readings) Plenum | Fan
WLJMAP Avg. | AP -’| AP
9 9,194,690 8.9 9.0 9.0 0.0 | 0 |43 |6¥Y
/) 0799 170t 1.7 .04 6,0 1 0 [5Y | A7

e veq- gves .

C-10
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HOUSE PRESSURE TEST-RETURN BLOCKED VS. SUPPLY BLOCKED

FAN ON
House-Attic AP

FAN OFF

-*| Return-House AP

Pressure Pan AP

FAN OFF

| House-Attic AP

12Pressure Pan AP
OFF

Return-House AP

11House-AuicAP | -, '0,‘7

Return-House AP
[ 8House-Attic AP f
0.5 | 04 | 0.5 ] 0.5 0,5’505\
SPressurePandP [ 37 (2q & |8 q, b
10FAN.ON-SUPP |
BLOCKED

-0,%

C-11

-4 .
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" HOUSE PRESSURE TEST~RETURN BLOCKED VS. SUPPLY BLOCKED

FAN ON
House-Attic AP

FAN OFF
House-Attic AP
*13 FAN ON
House-Attic AP
4 .°[ Return-House AP A
5 Pressure Pan AP |31 57 |52 ((
6 | FANOFF - 0,940

) House-Attic AP 0.5 0,7
e ——
7 FAN ON-RETN i'
BLOCKED
Return-House AP | *® ,
8House-Attic AP 0, b

9Pressure Pan AP
10FANON-SUPP ... .

BLOCKED . =
Retum-House AP | ™% pr-| 4

11House-Attic AP | —(3 7 { ~0 P

| R “04—7 '01%
| 12Pressure Pan AP i“{i{ 220 i

13 | FAN OFF G.Y

Q
:Iousc-Atnc AP B 0. L[ G- "f
I 14 | Blower Door CFM

—————

AOrwmRdcun|ROCDZ Mo

C-12 o]




HOUSE PRESSURE TEST-RETURN BLOCKED VS. SUPPLY BLOCKED

I {EANON O

House-Attic AP

%ﬁj
2 | EAN OFF 4
L‘

LVNT

C-13

House-Attic AP
4 .'| Return-House AP | ™8
S | Pressure _P_an AP ([*132),7
6 | FAN OFF 0.3 ,
House-Attic AP 0, “l 0.
R | 7FAN ON-RETN
E | BLOCKED
T | Retumn-House AP | *% M3 [ 22X St yz | # Pk gt 7
g SHouse-AticAP | 0 7] 0.4, | 0., | 0, | 0.7 |aw® 5
¢ 0G0k [0k | ok oL [04 kg
K |Pressweranar |4272[2q 4 [29.Y (%27 |5 [#i2.4 ';:‘?7
S | 10FAN ON-SUPP |- o .
U | BLOCKED - —1 .
p |RewmHouear |™  [n-lZ|g7 (-4 |» 2.7
P o Arric AP | |
B 11House- Atn?.AP -0 q 0% |-0.% i-0.¥ |-0.9 -A‘.vg.[ap i
c T od ] —09[ 208 [—ud |70 )3
|X | 12PressurePan AP |51 &FF |2 34 7% .5 1% 20 |%306,7|% Z%"i 3lf
13 | FAN OFF 0. ‘{ 03 | o | 04 |'0fF szqo -
House-Attic AP ,L‘ 0. g‘ 0. 0.3 O(
-- cM@ | |m ]



TEST PROTOCOL FOR DUCT LEAKAGE TEST COMPARISONS

HOUSEé/mmSe, [ZB’Grcfe@,i pate_4/ie/91 BY/) g/r./nL
“Doct COr\GJahmﬁor\ - retura ledda uﬁe_ oadded

This form is intended to facilitate a field comparison of four tests for duct leakage: fan
pressurization (two-sided duct blaster test with barrier); blocked-return house pressure
test; blocked-supply house pressure test; and hybrid (a single duct blaster test of the

, whole duct combined with the open-register portion of the house pressure test).

B
t !‘1;‘.;‘_-_‘! d i l."-l-.
H

Preliminaries

1. All doors, windows, and other openings between conditioned .space and
undconditioned or outside spaces should be closed. Vents to attics and crawlspaces

containing ducts should be open. Any baserfiert that contains ducts and is considered
unconditioned should have at least one g

duration of the.test. Open internal doors. O¥Z.

2. Install pressure taps in supply plenum, supply trunk, return plenum, midpoint of
return duct, and two additional points in the return duct, one upstream and one
downstream of the midpoint. Run plastic tubes such that these taps can be connected
to a digital manometer with its reference pressure within the conditioned space.

ati u i ucts

3. Turn on t.he furnace fan and measure the following pressures w/r/t House.

Location . | Supply Supply Return Return .A Return | Return
Plenum .|Trunk |Pt 1. irdpr P14 Pt. 3 Plenum

Presssure (Pa) /q, 5} /I:';Z-: Z ""@;9 "‘/,i_: -'éf, 3 —7,{

(] (] €

4. Turn the furnace fan off. Set up the blower door and note whether pressurizing or
depressurizing. Make sure the fan throat pressure is measured w/t/t inside if
depressunzmg and outside if pressurizing. Use 4-wall mamfoldmg

wesr CFmS0=7969 & C=61 5= 0,65

5. Blowﬁer door test of envelope in duct test conﬁguratmn Registers unsealed.

indow open to the outside for the

Register Target House [ Actual House |Ring | Throat AP | CFM
Status Pressure Pressure
Open 25 Pa
Open 40 - 50 Pa
C-14



Pressure Pan on Supply Registers, with Blower Door at 25 Pa

Cond 2

Register 1 2 3 4 5 6 7 8 9
PanAP(Pa) | 5,2Z| §.7| 4 | 5. |27 |56l | $2]|4.5
Register 10 11 12 13 14 15 16 17 18
Pan AP (Pa)

6. Seal all the registers. Do blower door test on envelope in duct test configuration with

registers sealed.

~

Register Target House | Actual House | Ring | Throat AP | CFM
Status Pressure Pressure
Sealed 25 Pa
Sealed 40-50 Pa |
l! brid Ie ¢ L L'FOH’\‘}— {'@é’ 7‘\’35, CFM SD' 4,034‘ )C: L{QLI )h:QI(’L‘

7. Attach duct blaster to the point in the duct system with the best air pathway to both
supply and return (typically this will be the fan access port in the furnace). Pressurize
house to 25 Pa at same time use duct blaster to bring average of supply and return duct

ressures to zero w/r/t house.

Target Actual | Avg. of Supply, |Return | Supply |D/B |D/B | CFM
House House | Return Plenums | Plenum | Plenum | Ring | Fan
Press. Press. | w/t/t House AP
25Pa. |79 |02 O |-z [+2-] 0 | 90 | 990
40-50 Pa , 0?
(lu 5 h‘\"k’r &y \’?/6&, k
C-15
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8 Install barrier between supply and return duct systems.

Cﬁmﬂ 3

9. Unseal return register and attach duct blaster. Check supply/return barrier. Unseal
one supply register. J#pressurize house with blower door and at the same time use duct

blaster to brin:

return duct JuicERam. to zero w/I/t house.

Target Actual | etuem R-2| Retum D/B D/B Fan | CFM
House House |vwigpeit | Plenum Ring - [AP
Press. Press. w/r/tHouse | w/t/t/House )
25 Pa < oo | 03 | 0 |33 |3
40-50 I3 o2 O -6 O S | ==t

‘ 774

10. Move duct blaster to fan access port at furnace or to a large supply register. Leave -
the return register unsealed. Seal any unsealed supply register. Pressurize house with
blower door and at the same time bring supply=pisseseto zero w/v't house. Measure

supply pressure at 2 registers with low pressure pan readings in part 5.

Target | Actual | Supply |Supply |Supply |Retun |Ring |D/B |CEM .
House | House | Plenum | Register | Register | Plenum Fan L |
Press. |Press. |w/i/tHse |# 3 #_ 7 | wi/tHse AP 5-
25Pa |20 |02 O |~ | -1.5|-6 |l |99 [2¢9]0
4050 | 29 |02 Q | -7 |-2.5 | -1 U g [y |15 |
% g oy | R ‘;ufﬁi.'
Fan Flow] 19 0 | -9 [~z | -63 [ 1T | %0 |3Y4]-0.3 ) ]
79 o 2.3 | -2 | -3 T 1144 JNiJ o | .
11. Unseal supply registers, reseal return register. Turn on furnace fan and duct blaster. S
Adjust duct blaster until supply plenum pressure is the same as reading in part 3. All ] ]
readings w/r/t House. Take 2 points if pogsible, one slightly aboye target, one slightly a
below. pleny Uhs le/hou(’cLe,d. f’ﬂl'\ ,‘I
Target 7~ | | Actual Supply Plestain AP Return |Ring |D/B | CEM 3
Supply (Take 5 readings) Plenum | Fan .
Plerruf AP Avg. |AP AP ]
2.7 |nonzngwa 05 [je.9] -oM | I [3L5 750 .
149 62149 K3 151 ]is2] -1 | 0 |7 |3%0 ]
\inene - qnes 789 @\ T -
C-16 [
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N Cong >
.HOUSE PRESSURE TEST--RETURN BLOCKED VS. SUPPLY BLOCKED
sk €730 ‘

FAN ON
House-Attic AP

FAN OFF
House-Attic AP

FAN ON :
’ House-Attic AP 0.7 0.5 0.7 0.¢ 0.7 0 :‘7‘7’ AR
: 4 reg. n-0,9|2-47|s-1.9 |¢ 9h
5 '
6

-*| Return-House AP

Pressure Pan AP (137 4{s2 /0,1 (2 9.7 |%413.3
FAN OFF 6.9 | 6.9 | 0.9 | 0.9

House-Attic AP

- IR [7FAN ON-RETN

X |E |BLOCKED

) T | Return-House AP

- | T e ———rt

.‘ j’ i g 8House-Attic AP | | |
. é i /o.s’

|

j K | SPressure Pan AP -7
e S | I0FANON-suPP |.._ .. . o .
o P |Retun-HouseAP |™8  [p-(.7] Pz",(" B33 M 2.
ﬁl g 11House-AtticAP | -0.2 | -0,] | -0.1 ~-0.3 | -0.,7 |AvE
i t| ~ [-oz[-oz]l-0oz[-0z]-0z M |5
B x| 12PressurePandP {157 |2 7 (B, U™ |¥* 1y [0S 3T
i = .
¥ 13 | FANOFF_ o4 | O | oM | 04 | 6.9 VA %l
. HowseAwic A [ =T 09 | 0,5 | od | 05 097

: 14 IBlower Door CFM Pa

Co vw?\t}b <;l 750

: ’\p um"loﬂ
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' HOUSE PRESSURE TEST-RETURN BLOCKED VS. SUPPLY BLOCKED . 1 =

| A\ig:

I |FANON 0.l | o0 04 | 0,1 0.
House-Attic AP .
o1 | oot o |61 ] 0!
2 | FAN OFF oM | OM | 0.3 | 0.3 0.3 |Ayg
House:Aic AP 75737170 3 0.3 | 0.3 | 0,3 | 03¢
3 [FANON O 0 0 0 0-1 [Avg
House-Attic AP o-1 0.2 Ta.z [o,l 0 (),07 BRI
4 | Return-Housc AP [®-  |p~03 |2 Z [e3-4.7 | A Qg_
5 | Pressure PanAP |t 3Z 2 /0.4 84,5 (4 [3.2|5 [S |6/0.5 § 115 |
6 | FAN OFF 0.6 |05 |06 | 0.6 | 0.5 [ag [BR>
House-Attic AP 0G| 0.0 0.7 0(;, 0,9 0.5 | 12

7 FAN ON-RETN

IR :
{E | BLOCKED |
| T | Return-House AP I
IN | : | |
B " 8House-Attic AP 0.0 .: Il IS .. !

| L 0.7 -
., 4l , [
C i |

| K | 9Pressure Pan AP '137,5 200 (895 |15 %/0,3 1135 )

's |10rAN ON-sUPP |. _ L ]

I U | BLOCKED S o ' 1.  la !

{p |Rewm-HouseAP |7 p-0.9 |28 '3 5 | ¥ [
F 11House-Attic AP 'Ol(ﬂ "OI(I - 0(5 - 0/6 'O, c Avg.. i
B ~r0 (JL' ii 3"’ o

1L —0.C | <07 ] -0 [-07 -0 [~0-YT] =]
C ======r-——-—==ﬁ=g .

K | }2Pressure Pan AP | ¢! §‘{ 279 |87¢ |4 25 (}5- ® Z7,§3,7 rI
13 | FAN OFF o.z] 0z ]|oz |0 A J6.1 |aw 2, H
House-AticA® o T 0.7 | 0.1 | 0.1 | 0. |0 2 i
Blower Door CFM @ Pa _ g )
(oreflebe 10540 ]

o

R
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House-Attic AP

‘| Return-House AP

Pressure Pan AP

FAN OFF

| House-Attic AP

7 FAN ON-RETN
BLOCKED

8House-Attic AP

9Pressure Pan AP

Return-House AP

BLOCKED -

11House-Attic AP

1 12Pressure Pan AP
FAN OFF

Blower Door

House-Attic AP

10FANON-SUPP | _ .

Retum-House AP _ | ™%
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TEST PROTOCOL FOR DUCT LEAKAGE TEST COMPARISONS

HOUSE, Syracuse =28 Cicce Ry DATE Z/z/?? By Pk
o Doudk Cowp oradion L - ubt PRT ge gealed

This form is intended to facilitate a ﬁe.ld comparison of four'tests for uct leakage: fan
pressurization (two-sided duct blaster test with barrier); blocked-return house pressure

test; blocked-supply house pressure test; and hybrid (a single duct blaster test of the

. whole duct combined with the open-register portion of the house pressure test).

Preliminaries

1. All doors, windows, and other openings between conditioned space and

undconditioned or outside spaces should be closed. Vents to attics and crawlspaces
containing ducts should be open. Any/basempnt that contains ducts and is considered
unconditioned should have at least oge dogr or window open to the outside for the
duration of the test. Open internal doors. - G ¥

2. Install pressure taps in supply plenum, supply trunk, return plenum, midpoint of
return duct, and two additional points in the return duct, one upstream and one
downstream of the midpoint. Run plastic tubes such that these taps can be connected
to a digital manometer with its reference pressure within the conditioned space. ’

Operating Pressures in Ducts

3. Turn on the furnace fan and measure the following pressures w/r/t House.
Location Supply | Supply |Réturn Return Return | Return
Plenum |Trunk [Pt 1 MidpePP4 Pt. 3 | Plenum

Presssure (Pa) | 29,% | [%,0 | 0.9 | -1-6 | -3.9 | =45
Blower Door Envelope Leakage | |

4. Turn the furnace fan off. Set up the blower door and note whether pressurizing or
depressurizing. Make sure the fan throat pressure is measured w/r/t inside if
depressurizing and outside if pressurizing. Use 4-wall manifolding.

é-— oind }I—: wes Camso= (,901 5 (‘, 6692 n=0.60

5. Blower door test of enveloLm uct test conﬁgurauon RJlsters unseaed

Register Target House | Actual House |Ring | Throat AP | CFM
Status Pressure Pressure
Open 25 Pa
Open 40- 50 Pa
C-20




Pressure Pan on Supply Registers, with Blower Door at 25 Pa

cont 1

Register 1 3 4 5 6 7 8 9
PanAP®Pa) | [77| LY | 1Y | L] |29 |11 ]].9]|2.1 ]I
Register 10 |11 |12 [13 |14 |15 |16 |17 |18
Pan AP (Pa)

6. Seal all the registers. Do blower door test on envelope in duct test configuration with

registers sealed.

Register Target House | Actual House | Ring | Throat AP | CFM
Status’ Pressure Pressure
Sealed 25 Pa
. .| Sealed - 40-50Pa
': | ~pof es s = (a .
Hubrid Test ﬁ(, porn +€Sa' ?; ers'o é 3L7 C %‘{ He 0 &

7. Attach duct blaster to the point in the duct system with the best air pathway to both
supply and return (typically this will be the fan access port in the furnace). Pressurize
house to 25 Pa at same time use duct blaster to bring average of supply and return duct

ressures to zero w/r/t house.

Target Actual | Avg. of Supply, |Return |Supply |D/B |D/B | CFM
House House | Retum Plenums |Plenum | Plenum | Ring | Fan
Press. Press. | w/t/t House AP .
235Pa. |1+9,5 |02 0. 1-6G [ +% | 0 |%0 |934
40-50 Pa , 0? _

dock Nasher mas Loel Yo

e
5
ﬁj' q/ F& 62 (0\(1 Y4
C-21
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an Pressurization Test, Standard Version

8 Install barrier between supply and return duct systems.

9. Unseal return register and attach duct blaster. Check supply/return barrier. Unseal
one supply register. )B‘epressurize house with blower door and at the same time use duct
blaster to bring return duct JyiziEmimi. to zero w/r/t house.

Target Actual | Returnf 7 Return D/B | D/BFan | CFM
House House 3 Plenum Ring AP

Press. Press. w/r/tHouse | w/r/t/House

25 Pa i lo2 O ] 0 43 %Y
40-50 157 |02 O 1.l 10 [63% | %29

10. Move duct blaster to fan access port at furnace or to a large supply register. Leave
the return register unsealed. Seal any unsealed supp_ly:r'égister. Pressurize housé with
blower door and at the same time bring supply-giassse-to zero w/r/t house. Measure
supply pressure at 2 registers with low pressure pan readings in part 5.

Target | Actual | Supply |[Supply |Supply [Retum |Ring |D/B |CFM 4
House |House |Plenum | Register | Register | Plenum Fan
Press. |Press. |w//tHse |# # 2 w/r/tHse AP S-l
25Pa |29 (02 0 | 05 | 0% | -u | Z I |73 |0.5
40-50 | 37 |02 O 0,7 0,9 | -1¢ ] |z |20% [-1
-] _ -~ Sopflewm
FanFlow| 23 | ¢ 0.2 | 0-3 | =9 z /0% | 159 © |
(3¢ ) 0o 2. | /.S | -2¢ | 7z |zlo {222 10,5
11. Unseal supply registers, reseal return register. Turn on furnace fan and duct blaster. .
Adjust duct blaster until supply plenum pressure is the same as reading in part 3. All |
readings w/r/t House. Take 2 points if possible, one slightly above target, one slightly
below. ]
Target Actual Supply Plenum AP Return |[Ring (D/B | CFM \‘
Supply'ff;mL (Take 5 readings) Plenum Fan
AP Avg. |AP AP
18,0 |14.014)14,213714.6 [14.)| =05 | | |27 | 6H
16472063 173171 |16 &|-0,% | | | 320 | 70T
linear req- gives 771 Fm @130
C-22
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, "/ HOUSE PRESSURE TEST-RETURN BLOCKED VS. SUPPLY BLOCKED (ontY

X (L [eaNON 0.9 (a6 1 L1 ] 1, 9 [a

\‘ i House-Attic AP Y104 |1 -[ < 06] Vg
.z .z | 0.7

04 |01 |05 |avg
7 f House-Attic AP 0.9 1 0.5 |04
| FAN ON Vo.s VG4 Pod (4.5 | 0.6 |avg

House-Attic AP [~/ " o4 0.7 0%

I(l" |- ¢ .
| 4 | Return-House AP | ~¢ N - 2L VRN I I Sy

Pressure Pan

7 FAN ON-RETN
BLOCKED - -F
Return-House AP

8House-Attic AP | .(
/.G
9Pressure Pan AP (! 3¢

10FAN ON-SUPP
BLOCKED -
Retumn-House AP _ | ™&

11House-Attic AP

RArWROCU | ROoCwZAmm |

 12Pressure Pan AP

FAN OFF
House-Attic AP

—
W

14 | Blower Door
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"7 HOUSE PRESSURE TEST-RETURN BLOCKED VS, SUPPLY BLOCKED (onf Y

1 |FANON 04
House-Attic AP -

2 | FANOFF 0.2 0.3
House-Attic AP 0.4

3 |FANON
House-Attic AP

7 FAN ON-RETN
BLOCKED -

R.

T |Return-House AP " ['% -
‘B\T $House-Atic AP | |.(
L /-7
C ?====_J

K | SPressure Pan AP

10FANON-SUPP | _
BLOCKED '

_12Pressure Pan AP

FAN OFF
House-Attic AP
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HOUSE PRESSURE TEST-RETURN BLOCKED VS. SUPPLY BLOCKED Conf ¢

FAN OFF

House-Attic AP

1 (FANON 07| 6. 3104 | 04 |ave

House-Attic AP 0L 103 10 1 1 |
017 //0 [/L If"f , ’L

2 | FAN OFF 0,2 | O 0 o |-02|Ay
House-AtticAP  |_ I 0 0.3 | 0.9

3 |FANON 0.210.1 | 0 0 0.1 |avg
HOUSC'AttIC AP 0 0 , ’ d" 0,} OI,L .

4 .| Return-House AP | ™& p—|. [p2-) & e e dls plm_{, 77

N ‘/

S | Pressure Pan AP |3l s2 If'{ BILS (w22 |57, [*2 EAS
FAN OFF 010 o lo.z |03 |aw 1€

| Howse-Awic P 17T 516,23 | 1,2 [1.0 20
R | 7FANON-RETN
JE - | BLOCKED .. - - oo

T | Return-House AP | ™% g 54

N . =

p |SHowseawicAP [ |.( |70

L I /7 l Ig-

C

K |9PressurePan 4P %3¢, |2 |9

S | 10FAN ON-SUPP ]

U | BLOCKED '

P |Retum-House AP _|™%

P .

B llHouse-AtniAP ¢ A

L | QQ‘

C !
12Pressure Pan AP | *! /()3

=[x
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TEST PROTOCOL FOR DUCT LEAKAGE TEST COMPARISONS

HOUSE Sytaws€ -128 Ciede KL pate 7/2/ 99 BY r SITQnL

T Dud Gonkn it uraren S - \'e}urr\ f\four ge tg,%\r\%c\uaém msuuecl,

This form is intended to facilitdte a field comparison o e: fan
pressurization (two-sided duct blaster test with barrier); blocked-return house pressure
test; blocked-supply house pressure test; and hybrid (a single duct blaster test of the
. whole duct combined with the open-register portion of the house pressure test).

Preliminaries

1. All doors, windows, and other openings between conditioned space and

undconditioned or outside spaces should be closed. Vents to attics and crawlspaces -
containing ducts should be open. Any base that contains ducts and is considered

unconditioned should have at least one door. gr window open to the outside for the

duration of the test. Open internal doors. O

2. Install pressure taps in supply plenum, supply trunk, return plenum, midpoint of
return duct, and two additional points in the return duct, one upstream and one -
downstream of the midpoint. Run plastic tubes such that these taps can be connected
to a digital manometer with its reference pressure within the conditioned space.

Ope;ating Pressures in Ducts

3. Turn on the furnace fan and measure the following pressures w/r/t House.

Location Supply | Sﬁpply Return Return Return | Return
Plenum |Trunk [Pt 1 Mirdpre P14 Pt 3 Plenum
Presssure (Pa) | 24.2 | (7- U -1.7 |-1 :_3 —¢ - ’L‘

\

Blower Door Envelope Leakage

4. Turn the furnace fan off. Set up the blower door and note whether pressurizing or
depressurizing. Make sure the fan throat pressure is measured w/r/t inside if
depressurizing and outside if pressurizing. Use 4-wall manifolding.

s -poin tes gres” CAMSD = [,103 C- 5290 043

5. Blower door test of envelope in'duct test conﬁguratlon Regmters unsea?led

Register Target House | Actual House | Ring | Throat AP | CFM
Status Pressure Pressure
Open 25 Pa
Open 40-50Pa
C-26




Pressure Pan on Supply Registers, with Blower Door at 25 Pa
Register 1 2 3 4 5 6 7 8 9

PanAP (Pa) (0,4 10110710223 16,0|(.,0 |I.3|C.(

Register 10 11 12 13 14 15 16 17 18

Pan AP (Pa)

6. Seal all the registers. Do blower door test on envelope in duct test configuration with
registers sealed. :

Register = | Target House | Actual House |Ring | Throat AP | CFM
Status Pressure | Pressure
Sealed 25 Pa

| Sealed . |40-50Pa

H;[brldles t (,a (’G\V\‘f +€9§' ﬁl\le‘g Crm6'0 g?u', C §0| )n 0 (03

7. Attach duct blaster to the point in the duct system with the best air pathway to bot.h
supply and return (typically this will be the fan access port in the furnace). Pressurize
house to 25 Pa at same time use duct blaster to bring average of supply and return duct

ressures to zero w/r/t house.
Target Actual | Avg. of Supply, |Return |Supply |D/B |D/B |CFM

House House | Return Plenums | Plenum | Plenum | Ring | Fan
Press. =~ | Press. | w/t/t House AP
25Pa. | 27 |02 0. 104-05] [ |154]| 47

0.6|-04 | I |20%|(x
N4

boed Y¢

0\\1(\,

40-50Pa.| 47 |02 O

C-27
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I
e

essurization Test, Stand

Versio

8 Install barrier between supply and return duct systems.

COY\P g—

9. Unseal return register and attach duct blaster. Check supply/return barrier. Unseal
one supply register. ,D%pressunze house with blower door and at the same time use duct

blaster to brin

return duct Juisizsai. to zero w/r/t house.

Target Actual | Return R-2| Return D/B |D/BFan | CEM
House House |swighpwint | Plenum Ring AP

Press. Press. w/t/tHouse | w/r/t/House

25 Pa 773 (02 O 6,z | T o | Tl
40-50 2( (02 O ~0.4 | 7 | Yto | 3

10. Move duct blaster to fan access port at furnace or to a large supply register. Leave
the return register unsealed. Seal any unsealed supply register. Pressurize house with

~ blower door and at the same time bring supply-“n-to zero w/t/t house. Measure
- supply pressure at 2 registers with low pressure pan readings in part 5. :

Target | Actual |Supply | Supply |[Supply |Return |Ring |D/B | CEM

House | House | Plenum | Register | Register | Plenum Fan

Press. |Press. |wr/tHse |# | # "f w/r/tHse AP

25Pa | "% |02 O 65 0.5 | 07| Z |%9 |44

40-50 blZ, 02 0 |77 077 | -|.%2 | 7 |]|9y | 2I3

| Plenum —

FanFlow [15 | O 0 1,0 1 =0.2] Z T1z _Lie¥

qz | 0 0.8 [ 1.3 [ Z_ | zzo| 27|

11. Unseal supply registers, reseal return register. Turn on furnace fan and duct blaster.
Adjust duct blaster until supply plenum pressure is the same as reading in part 3. All
readings w/r/t House. Take 2 points if possible, one slightly above target, one slightly

below.
Target .TWJnActual Supply Plenum AP Retum |Ring [D/B [CEM
Supply /¥ (Take 5 readings) Plenum Fan
Plerraff AP Avg. | AP 4P,
9.4 (WA WA 156 L Ie N\ B 177 | ] 724
Bl 8AR 1N 195 |8 l| 2.0 | | 364 [ 49

Imea( re“), ?)"”3 7?(;} C@W\@ |7'L[
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' # HOUSE PRESSURE TEST-RETURN BLOCKED VS. SUPPLY BLOCKED Cn¥ >
rd mosHy Cafmyclovd, -

FAN ON 1|05 | . ‘i | |Avg
H Attic AP :
P o8 |18 1 [19]!-5]

FAN OFF 4 0.9 ] 0,9 (6 11Y Ay |
HOUSCAtthAP ‘/l lf\ lfo 2 | ' » [.1(’

3 3 FANON | .4 |1, ’Ll 7. 1.9 |avg |
. House-Attic AP | ’S 9. 1.5 .6 [,‘8‘1 : 5;%
njl h‘i -*| Retum-House AP | ~¢ =3 p2-7.3 | ~& | p4 P‘m.—7,-[,gg1
3 | ﬂi Pressurc Pan AP | 3! L{Z 2 Zz 13 ] 7 | s4 35,7 36 2‘(, 5?5
5 (6 | rAN OFF (3 1z 17 [ 12 ] s |ag |19
.- i House-Attic AP { 2.1 1.5 7.0 2.9 1.7 l»’7

7FAN ON-RETN |
BLOCKED = [
Return-House AP | ™%

R

E

T

g’ SHouse-AticAP | - .0

L (-4
1c

| K |SPressurePanAP |31 4 |®
S

U
P

P

B

L

C

K

10FANON-SUPP [ .
BLOCKED =
Retum-HOuseAP e

1 lHouse-Amc AP 713

_12Pressure Pan AP

House-Attic AP

Blower Door
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