-
&= 5a

IEquipment

An Interworld Highway, LLC Company

retrogls

airflow systems since 1980 www.retrotec.com

Retrotec Inc.
DucTester Operation
& Testing Manual

rev-2012-10-18

=
155

RARRRRRRRRRARY n |

pu—

Retrotec Inc. 1060 East Pole Rd. Everson, WA USA 098247 360-738-9835


d.sanluis
TE-Logo-New-(Hi-Res)Clean

d.sanluis
TE-Logo-New-(Hi-Res)Clean

d.sanluis
TE-Logo-New-(Hi-Res)Clean

http://www.tequipment.net

Copyright © 2012 Retrotec Inc.,
All rights reserved.

This document contains materials protected under International and Federal Copyright Laws. No part of this book may
be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording,
or by any information storage and retrieval system without express written permission from Retrotec Inc.

Retrotec makes no warranties with respect to this documentation and disclaims any implied warranties of
merchantability, quality, or fitness for any particular purpose. The information in this document is subject to change
without notice. Retrotec reserves the right to make revisions to this publication without obligation to notify any person
or entity of any such changes.

DucTester, Infiltrometer, FanTestic are Trademarks of Retrotec Inc. Other trademarks or brand names mentioned herein
are trademarks or registered trademarks of their respective owners.

Table of Contents
Important Equipment-related SAfEGUAIAS ........oocuiiiiiciiie e e e e e e s e e e e e e e e e narreeeenarees 8

Important Occupant Safeguards dUrNG tESTING ......cuii i e e s ee e e s re e e e e rabee e e esarees 9

1. DucTester System EQUIpPMENT ......ccuiieiiiiiiiiiiiiiicrcrcrreesreesrescsesssassesssescsnsssnssssssnsess 10

Duct testing systems (DU200, DE200, DK200) .......eeeivieiiieeeieeesiieeitreeiteeseteeestseessseeessssesssesssssessssesssesessssesssesansssessessnnes 10
Figure 1: A complete dUCt teSTING SYSTEM....uii i e e e e e e e e esbee e e e sabaeeeennsees 10
11 The Calibrated DUCTESTEI FAN ....ciiiiiieiie ettt s e e sat e e s bt e e bt e e sabeesabeeesabeesabeeesnseesabeeesareenns 10
1.1.1. R [ @oT o} = {U L= 14 o] o -SSR 10
Figure 2: Three flow rings: Low, Mid and Open, restrict flow through the faninlet........ccccccoeviiiiiiiiiinicn e, 11
1.1.2. Latest Retrotec calibrated fan: Model 200 ...........coieiiieiiiiieeeeeee ettt 11

Figure 3: Retrotec Model 200 has a speed control knob and two Ethernet style Speed Control Ports for daisy
(ol a1 Y[ F =Y o T=Y=To oo T 01 o] - PSR 12
Figure 4: Fan Pressure sensors are located in the fan inlet. ...........oooiiiiiii e 12
Figure 5: Self-referencing pressure PICKUD. ... et e et e e et e e e e tee e e eeabae e e eensaea e e nses 13
1.2 BT = {1 = N G U= YRS 13
Figure 6: DIM-2 digital AUGE. ..cccveiei ettt ettt e e e et e e e e et e e e e e bee e e e eabeee e e abeeeeeanbeeeeeanbeeeeeensaeaeennsens 13
1.3 FIEX DIUCE ..ttt ettt et b e s bt s at e et e b e e bt e e bt e s ae e s at e e ab e e bt e bt e s b e e sae e eateeabeebeesheesabesabesabe e beenbeenneas 13
Figure 7: Flex Duct for duct testing system with Flange and strap.......ccccccoeeieeiiiriccciee e 14
1.4 Additional included duct teStiNg @QUIPMENT........cii ittt e et e e e e ette e e e e bteeeeebteeeesbtseeeeseneaeanns 14
1.4.1. Grill Mask for SEAIING FEGISTEIS...ciiiiiii ittt e e et e e e sbee e e e ata e e e esabee e e saasteesesnseeesennsens 14
FIgure 8: A rOll OF Grill IMASK.....cueeiei et e rbre e e e e tae e e e sabe e e e e abe e e e e nbaeeeeabaeeeennsaeeeennsees 14
1.4.2. Umbilical for connecting fan and DM-2 SAUEE ......ccoccuiiiiiiiiiieiciiiee e eciree e sttt e e ecare e e e stae e e ssaaeeeeseaeeessaneeees 14
= U T N T U L0 o1 ot | SRR 14
1.4.3. Flex Duct for connecting DucTester t0 dUCTWOIK ......c..viiiiiiiie i 14
FIUIE 10: A FIEX DUCT .eeeeiiiiiie ettt ettt ettt e e et e e e et e e e s et e e e e abee e e e nbaeeeenbeaeeasbeeeeenbaeesennsaeeeennsaeeesnnsens 15

Page 2 of 91

©ORetrotec Inc. 2012


file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338334998
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335000
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335002

1.4.4. Flange for connecting flex to ductwork at register.........oouuiiiiiciiii i 15

T U O I N o - T o =R 15
1.4.5. Toolbag keeps all testing components in 0NE PlACE ... .uiiiciiiiiiiiiii e 15
1.4.6. TUDING ACCESSOIY Kt uuvtiiiiiiiiie ittt e st e e sttt e e et te e e e s ataeeesaabaeeesansaeeesansaeeeeansaeeesansneeean 15

Figure 12: ATUBING ACCESSOTIES Kit . .uviiiiiiiiiie ittt ettt e e e e st e e e s e e e st e e e esabeeesesabeeeeesnsaeeesnnsens 15
14.7. POWET COMA ..ttt ettt et e st e e bt e e sttt eshb e e s ab e e s beeesabe e e bbeesateesabeeesabeesabeeeanseesaneeesareesanes 15

Figure 13: A power cord for Model 200 fan.......c.uiiiiicieii it e et e e s s sbee e s ssabee e s saraee e snanes 15
1.4.8. 9v Power Supply adapter for charging DM-2 BaUEE .......uueviiriiieeiiiiie ettt sseee e seiee e s sbee e s sabee e s e svee e s e nnnes 15

Figure 14: Power supply adaptor fOr the DIM=2 .......cuiiiiiiiiie ettt e e e e s sbee e s e sabee e s s sabae e e s nnnes 15
1.4.9. Additional accessories fOr the DUCTESTEN ....ccviiiiiieiiieeciee ettt et e b e s aee e sbeeeneeas 15

2. Why measure DUCt LeaKage? ........ccceeeereenireniienerenierencernscssnscrensessnsssssssssssssnsessnsessnsesens 20

2.1 Is Duct Leakage Important in terms of @Nergy 0SS ......ui i saaee s 20
2.2 Duct Sealing Can Save HOMEOWNEIS IMONEY ......uuiiiiiiiiieeeiieeeeecitee e ettt e e sttt e e ssataeeessasaeeessssaeaessssaeeessnsaeeessssseeen 20
2.3 Problems from dUCE IEaKAEE: . ... it e e e st e e e s rate e e e s baeeeeaabaeeesanraeeeeanrraeeen 20

3. LoCating DUCE LEaKS...cccieuiireeiireiitnirteiiteeeitnnertenetenerencrencssassssnsessnsessnsssasssssssssnsessnsessnss 21

3.1 TYPES Of DUCE LEAKAEE LESES .veeiiiiiie ittt s e e et e e et e e e eata e e e s abaeeeesnsaeeesnnsaeeeennsreeean 21
3.2 What is DUCt Leakage to the OULAOOIS?.....cccciiiii ittt et e s e e e s e e e s s ebe e e e e sabeeesesabeeeeearees 21
33 What is DUCt Leakage to the INUOOIS?......uii ettt et e e e e e e e e e s sabee e e esabeeesesabeeeeearees 21
3.4 How much duct leakage is acceptable under existing COUES? ........cuviieiiiiiiiiiiiieeeee e e eeeirrree e e e e e e e eanns 21
Table 1: Duct Leakage Compliance Values (Residential) according to existing Codes .......ccccvvvevreerveeeveeescrneennnen, 22
Table 2: Maximum allowable duct leakage (Residential) according to existing Codes .........ccceevvveervieeeveeescreeennen. 24
Table 3: Region covered by €ach Code OF PrOZram ........coccuiiiiieiiieeceiiee ettt e et e et e e e e e bae e e e ebae e e e sabaee e eeanees 25

6. Set up your DucTester for duct leakage testing ......ccccccereeeerreencireenccrreecereeecrnenneeeennnee. 26

Figure 15: DucTester setup, including tubing locations and necessary connections. .........cccceecvveeeevcieecenvieeeennee, 26

6.1 Unpack, connect the auge t0 the DUCTESTEN ......uiiiiiiiie ettt e e st e e st e e e e s ntaeeesnnsaaee s 26
6.1.1. (0 T d [ 10 =TSSP 26
Figure 16: 4 NiMH AA batteries type in the battery compartment of the DM-2 .........cccocciviiiiiiei e 26
Figure 17: The screen and back view of the DM-2 while the batteries are being charged. ...........ccccoeveeerieeennnnee. 27
6.1.2. Make all connections on the gauge and fan ..........coooiiii i 27
Figure 18: Pressure ports on the back of the gauge are color-coded to match the tubing.............cccoceeeninnnnnee. 27

Figure 19: Electrical connections on the back of the gauge include Control Cable that goes to the DM-2 (shown
connected), USB cable for a PC, reset switch and DC power CONNECION. ......c.eeeeeciiieeeciiiiee e e e e 27

Figure 20: Model 200 Fan Top with power cord, color-coded tubing connections (green and yellow) and Control
(671 o] 1T U PRSPPI 27

Figure 21: Insert the blue tube into a supply register closest to the air handler ..., 28

Page 3 of 91
©ORetrotec Inc. 2012


file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335004
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335007
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335009
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335011

6.1.3. Blue Tube location matters when testing leaky dUCtS...........oeivciiiiiiiiiiccce e e 28

Figure 22: A Static Pressure Probe attached to a pressure tube allows the measurement of pressure without

flow interference (e.g: iNSide @ SUPPIY FEGISTEI) wuvieiuriiiieiiiie ettt e e e e e e e e e s e abee e e e nreee s earees 28
6.1.4. Connect the DucTester t0 the DUCE SYSEEM......cii i e s sbee e e 29
6.1.5. Connect the FIEX DUCE tO FEtUIN FEEISTEI ..uiiiiiiii ettt e e e e e e e sbee e e s sabee e e esabeee s enres 29

Figure 23: Flex Duct connected t0 the FIANGE. ....uuiiiiiiii i s eree e e 29

Figure 24: Flange taped onto a return register before attaching the Flex DUCt.......cceeiveiieiiiciiei e 29
6.1.6. OR Connect the Flex Duct to the air handler cabinet ..........cooueiiiiiiiiiiii e 29

Figure 25: Preparing to connect to ducts via @ir handler.........cccueevieiii i 30
6.1.7. OR Connect the Flex Duct to a ceiling level return using a Flow HOOd..........ccccceveiieiiiicieiiiniee e 30

6.2 Prepare the DUCE SYSTEM fOr @ tESt ..iuiiiiiiiiie et e e st e e e s ta e e e essbaeeessnbaeeesanneeees 30
6.2.1. Before beginning the dUct 1€aKage TEST.........ooi i e e e et ae e e e raaeee s 30

Figure 26: Seal all supply and return registers With Grill Mask .........cccoooiiiiiiiiie e e 31

Figure 27: TUrn off the @ir RaNdIEr........ooo et e e e e et e e e e e bae e e e rae e e e nnes 31

Figure 28: ReMOVE All @il FILEIS ...eoiiiiiiie e e e et e e e et e e e e be e e e e e abee e e eeabaeeeeenraeaeennens 31

6.3 INStall RANGE RING ON AN 1. .ttt e e et e e e et e e e e e abaeeesaataeeesnsaeeeeansaseesnsaeeesnneneann 31

Figure 29: Range Plates for the Model 200...........cceociiiieiiiiie et eette e e et e e e e bee e e e eabee e e esabaeeeeensaeeeennsens 31

6.4 SEIECE @ LEST IMECLION ...ttt s h e st sttt b e e b e s bt e s bt e sae e et e et e e beesbeesaeesaneeane 31
6.4.1. Setting UP fOr dePreSSUMIZAtioN ........ceiiiiiiei et e et e e e e et ee e e e tee e e et e e e e eeabeeeeesnseeeeennsens 32

Figure 30: Install Flex Duct over the fan inlet, covering the Range Rings, for depressurization. ...........ccccueenneee. 32
6.4.1. SEttiNg UP fOr PreSSUIIZATION. .. .cii ittt e e e e et e e e et e e e e e abae e e eeabeeeeeeabeeeeeanseeeeennsens 32

Figure 31: Install Flex Duct over the fan exhaust, for pressurization. ..........cccoccveiiiiiee i ccciee e 32

7. Set up the gauge to display Duct Leakage ReSuUlts ........cccceereeiirenerenerencciencenenceenncnennenenes 33

Figure 32: Some of the most common results that can be read directly off the gauge. ........ccccoeiieeieiiecieecennee, 33
7.1 Mode setup for duct tESTING IN T US ..ot e et e e et e e e e aba e e e sabae e e e asbeeesannaeeans 33
Table 4: Gauge Mode Setup for US state Codes and programs for Duct Testing.........ccceecveeeeeiieeicccieeeeeciiee e 33
7.2 Mode Setup for various standards around the WOrld ............cooiiiiiiciiiicceeee e 34
Table 5: Gauge Mode Setup for various standards around the World ..........ccccveiiiiiiiiccce e 34
7.3 Setting up and using the DM-2 gauge for DUCE t@StING .....cccvviiiiiiiiiie e e 35
Figure 33: DM-2 screen set up for measuring flow in CFM (left) and Flow per unit Area @25 Pa (right). ............ 36

8. Conduct the Duct Leakage test.......cccciiieeiiiieiiiiiiiiieeiiiieeicneeecnrenssensnnsessenssessnssessenssess 37

8.1 e L=l B LU ot d =T 1 T SR UURRR 37
Figure 34: Total Duct Leakage under depressurization - DucTester and tubing setup........ccccoeevevivicieeevcciiee e, 37
Figure 35: Total Duct Leakage under pressurization - DucTester and tubing setup.....cccccccceeeieiieeiciciee e, 38

8.2 Duct Leakage to Outdoors with 2 gauges and 2 faNS ........ccuiiiiiiiiie e e s e e s saaaee s 38

Page 4 of 91

©ORetrotec Inc. 2012


file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335037
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335037
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335040
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335041
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335043
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335047
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335048
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335049
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335051

8.2.1. Method #1: Set both duct and house 10 =25 Pa (0 25 Pa) .....cooeeurriiiiieieeeciiieeeee e 38

Figure 36: Method #1 Duct Leakage to Outdoors, under depressurization ........ccccceeeccciiieeeeeeeccccciiieeee e, 38
Figure 37: Connecting the red tubes of 2 gauges together with a T-connector........cccceveviei i, 39
Figure 38: Method #1 Duct Leakage to Outdoors, under pressurization ........ccccceevecieeeieiiee e s eriee e 39
8.2.2. Method #2: Set duct to house pressure to 0 Pa (using DUCTESTEr BAUEE) ...ccccveeeveveerieeeiiieerieeeeee e 39
Figure 39: Method #2: Duct Leakage to Outdoors, under depressurization ..........ccccceeeeecieeeeinieeeeescieeeesiee e 40
Figure 40: Method #2 Duct Leakage to Outdoors, under pressurization ........cccccceeveceeeeeeciiee e s e 40

8.3 Duct Leakage to Outdoors with 1 8auge and 2 fans.......ceuvciiiiiiiiiii et sre e e s snreee s 41
Figure 41: 1 Gauge Duct Leakage to Outdoors under depressurization, setting the building pressure................. 41
Figure 42: 1 Gauge Duct Leakage to Outdoors under depressurization, setting the duct pressure ...................... 41

Figure 43: Disconnecting and re-connecting the blue pressure tube is easier using a male-to-male connector .. 42

Figure 44: 1 Gauge Duct Leakage to Outdoors under pressurization, setting the building pressure..................... 42
Figure 45: 1 Gauge Duct Leakage to Outdoors under pressurization, setting the duct pressure ..........ccccueeenneee. 42
8.4 Combined Total Duct Leakage and Duct Leakage to Outdoors Method...........ccccccveiieiiiiicccie e 43
Figure 46: Combined Total Duct Leakage and Duct Leakage to Outdoors Method, under pressurization............ 43
8.5 If no Results are displayed (TOO LOW OF ===)..iiicuiiieieciiieeeeciieee e ecteeeeeetee e e eettaeeeseataeeessasseeesnsaeaesansaeeesnsaesesannsenens 43
8.6 CaNNOTt AChIEVE TEST PIrESSUIE ...eiiiiiiie e ettt ettt et e e tte e e et e e e e ettt e e e e e beeeesenbaeeeeeabaeeeesnsaseeeanseeeeeanseeeeennseneeannsens 44

9. Restore the house to pre-test conditions after testing is complete ............................... 46

10. Create a Duct Leakage Test Report with Potential Energy Savings.......ccccceeeverenncrennene. 47

10.1  Get the Excel spreadsheet based software to run 0N your SYStEM.......ccuiiiiiiiiiiiiiee e 47
10.1. 1. EN@BIE IMIACIOS ...ttt ettt st sttt et e b e s bt e s et st e et e e b e e s bt e s ae e san e sar e e n e neennees 47
10.1.2.  Showing/HIidiNg the RIDDON .....cc..oiiiiieeeecee ettt et e e et e e e tee e sate e eteeesabeeeanes 48

Figure 47: The MS EXCl “RIDDON" ... ..o ettt e e e tte e e e e e e e e e ba e e e e abeeeeeenbaeeeeeasaeeeensens 48
10.1.3.  Enter test information and results int0 Green CellS ........oo i 48

10.2  Choose metric or imperial UNIts fOr FESUITS .......oeiiiiiii et e et e e e e be e e e e eatee e s e eare e e e e anes 49
T T 1 oV oY= o 7= UL Y1 ST 49
10.2.2. IMIEEFIC UNIES .t e e st e e st e e s mra e e s s mr e e e e s mra e e e s anbaeeesannneeess 49

(0T B @ Vo To 1Y T D10 Lot =YY o Y/ oY SRR 49

10.4 ENter the Target 1St PrESSUIE. .ot e e e e e et e e e e e e e e s babeeeeeaeeesaassaeaeeeeeeesaansssrnnaaaeaean 49

10.5 Enter date the test Was CArmied OUL.......coiiiiiiiiiiiie ettt ne e e sre e s nee e saneeeans 50

10.6  Enter specific parameters for the conditions of this teSt..........ccciiiiiiiiiiiii e 50
0 ST B @o o e [ Ao o I=Te [ [ To L g AN T (PP P SO UUP PR TSROPPOP 50
10.6.2.  AIF HANAIEE FIOW ..eeiiiiiiieieece ettt ettt et ettt e s b e st et et e et e e s bt e smeesanesmbeeaneenneennees 50
O T T W | & - LI oo Yo o =T o A o TSR 50
10.6.4. 2 T [Tl o ST UL SR 50

Page 5 of 91

©ORetrotec Inc. 2012


file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335072
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335079
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335080
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335082

10.6.5.  Enter whether pressurizing or depressurizing (Test direCtion) ........cccouveeeiiiiiiiiiiie e e 51

10.7  Enter readings from thiS St ... e e e e e e e et e e e e e e e e e s anre e e e e e e e e eenaraaaaaaaaean 51
10.7.1. T8 ot o =T U =P PO PPPTTPP 51
10.7.2. Enter “Flow” directly or enter Range Configuration and Fan Pressure........ccccuccveeieciieeeescieeesciieee e 51
10.7.3.  Convert “Flow/Area” data so it can be entered into spreadsheet .........cccevceeiieeveeniesie s, 52

10.8  Spreadsheet will calculate Cost Of DUCE LEAKAEZE .....ceeiiviieiiiiiiie ettt e e s ebe e e e s 53
10.8.1. % Of DUCE LEQKAZE t0 OULAOONIS ...viiiiiiiiieieiiiie ettt ettt et e e st e e et e e e sata e e e ssabaeeesssaeeesnssseeesnnsseeean 53
O T A N o [ [ 1 o To ] o= 6 1) SO 53
10.8.3.  ANNUAI HEALING COSE ...uviiiiiiiiiei ettt e e e e et e e st e e e st e e e e sataeeessnsaeaesansseeesansaeaesnnsseeenn 53
10.8.4. AVErage DUCE OPerating PreSSUIE....cuii i iiieiiieeee e ettt et e e ettt e e e e e ettt e e e e e s s sabtreeeeeeesssaasrenaeeeesssasannns 53
10.8.5. ] T I o L USSR 53
10.8.6.  SUPPIY LEAKAZE PENAILY. ... eiiieeiieee ettt ettt e e e et e e et e e e et e e e e eataee e s nsaeeeeansaeeeeansaeeeeannraeens 53
10.8.7.  RetUrN LEAKAZE PENAITY .....evieeeeee ettt et e e ettt e e e et a e e e e ata e e e e ataeeesensaeeesansseeesanssneans 54

10.9  Save the Duct Leakage Test Report @s @ PDF file.......couiiiiiiiiiecie et 54

11. Find air leaks in the ducCts..........eeeeeeemememememememeniiiieieieieieeeneeeneneeeeeeeneseeeeeeeeesesessseseseeeeess 55

I 0 R U Ty [0 T~ = Ty 1 o To ] (= o U i =Y SR PPR 55

R U I [0 T- o T F- N g o] Y ') (U PUR 55

i B VI [T Y o W o} = [ =T [ or= Y0 1 1= - [PPSR 55

I U L [ T- = RV 7Y o o T o Vo ISR 55

I U Ty 1o ¥ = = I =T U= - o PP PPPPPPRRS 55

Figure 51: Pressure Pans, large and small SROWN .........ooooiiiii e e e 55
Table 6: RELIOTEC PrESSUIE PANS .....coiuiiiiieiieieeteentte sttt ettt ettt et b e b e s bt e sateea e e et e e sbeesbeesatesasesabeebeenneennees 56
12. Measure the Air Handler system flow.......ccceccireeiiiieeiiieeccrrerccreecesreenecreeeeeeseeseseenees D7

10720 R o T ol @e To [ ofo T 0 4 o] [ - [ ol ISP 57

12.2  Why measure the Air Handler system fIOW? .......couuiii ittt e e et e e e e eare e e e e 57

12.3  Measure with a DucTester as a powered flow hood on the return.........ccccocciii e 57

Figure 49: Measuring air flow with a Powered FIOW HOOG...........coooiiiiiiiiiei et et 57

12.4  Measure with a DucTester on the air handler cabinet.........cooiiiiiiiiii e 58

12.5 Measure with a gauge and @ flOW Srid ......ooooiiiii i tee e e e bee e e e be e e e e e e e e e e aneas 58

12.6  Measure using air NaNdIEr BIOWET CUIVES ... e e e e e et e e e e e e e e baaeeeeeaaeean 59

12.7  Measure using Hole FIOW ON the AU ....ceeeei ittt e et e e e e e e e e ba e e e e e e e e e e nseraeeeaaaeean 59

12.8  Measure with a Blower Door attached to the return or cabinet ...........cocveiiininiiniiie, 59

12,9 Other MELTNOAS «..coeeeieee et sttt et e bt e s b e e she e st e et e e b e e sbeesbeesabe s b e ebeeaneennees 60

13. Estimate HVAC system energy loss from ducts........cccceereeniiiieniiiieiciieeciiiiescniennnneee.. 61

Page 6 of 91

©ORetrotec Inc. 2012


file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335131

13.1  DUCt Air LeaKage MEaSUMEMENTS.......cciiiiiieeieiieeeeeiteeeeetteeeeetteeeeetaeeeeestaeeeesateeeessnsaeeessstaseessssaeeesanseeeesnnseeessnnsees 61
G 70 A |V =Y o o Vo T (o] o =4V AU 61

Table 7: CFM25 multipliers for average operating pressures. Multiplier for CFM25 = (Avg. Operating
T U=y 25 [0 1O S 61

14. Field Check the DucTester to find out what is not working.....c..ccccceveecerencrrencreencrennen.. 65

14.1  Field CheCK The SAUBE .. ...ooii ittt et e e e et e e e e et e e e e eabae e e e abaee e e abaee e s nbaeeeenteeeeennseeeeennsens 65
Figure 50: Gauge field check configurations (cross-channel checks (top), cross-gauge checks (bottom). ............ 65
14.2  Field CheCk The tUDES ......oiieeee ettt ettt e bt e e s bt e s bt e e be e e sabeeebeeesareesaneeesareesanes 65
WV aEEI N TUDE ettt ettt e e bt e e s bt e e bt e e s a b e e s bt e e s abeesabeesneeesabeeasabeesabeesaneeesabeesanes 66
PINCREA TUDE ...ttt ettt e h e e s bt e e s ab e e s bt e e beeesabeeesabeesabeesnteesabeeeneeas 66
14.3  Field Check the DUCTESLEr @S @ SYSEEM . ...iiii ettt ee e e e sbee e s st e e e s bee e e esabeee e ssabeeesenabeeessnanens 67
Figure 51: DucTester field calibration check SETUP. .....uiiiiiiiii i e e 67

15.  AVOIid COMMON MIStAKES c.iuieiiiririeieirerereretrererecesseresessssssesssssssssssssssssssssassssessssssssesssasss OS

16. Create a Blower Door with @ DUCTESter fan ....cccceceeirieireieireireceiresernsreseesessessssessesesses 09

16.1  Use a DucTester to teSt tight ENCIOSUIES.........uiii it etee e et e e e e be e e e e eabee e e e abeeeeeeanees 69
Figure 52: Blower Door setup using a Model 200 fan to test tight enclosures. The left image shows the Fan Top
from a side view of the Model 200 fan with tubing and Control Cable connections. ..........ccccecveeiieciieeeccciiee e, 69

16.2  Blower Door systems for testing tight enclosures (US200, EU200, UK200)........ccccvueeeerireeeeenieeeeeerreeeeeneeeeeennne 70
Figure 53: Blower Door system for testing tight @nClOSUIES. .......cciiiiiiiiieiii e e 70
Table 8: Aluminum Frame Door Panel diMENSIONS......c.oouiiiiiiiriiieriee ettt ettt et e st sareesbeessaeeesbeeenaeeas 70

Appendix A: Calculate Air Flow based on Pressure readings .......cccceeveeeereecerenccrencrenncrennenenes 71
Table 9: N and K coefficients for all supported fans in the auge. .......ccoccveii i e 71
Table 10: N and K coefficients for all supported fans in the gauge, Obsolete.........ccccvevevieiiecciii e, 72

Appendix B: FIow Conversion TabIes ......ccccccceieeiiieeiiteniiieitinciencrenerenesescerescesssessnscssnsesenss 73
Flow Conversion Table fOr DUCE TEST PreSSUIE Of 25 Pa........uueuiiiuieiierireeieieeereeeeeeeeeeeeeseseeseessesesesssssssesessereeeee——.—.. 73

Table 11: Flow in CFM for various fan pressures, Retrotec Model 200 Fans, Duct Test Pressure: 25 Pa (relative to
Lo 101 e LoTo] &) 1N RSP 73

Flow Conversion Table fOr DUCE TEST PreSSUIE OF 50 Pa........uueuieeririiiriieeieiieeeeeeerererereseeeseseeesesesesssesesesesseeses—..—.——. 74

Table 12: Flow in CFM for various fan pressures, Retrotec Model 200 Fans, Duct Test Pressure: 50 Pa (relative to
L]0} e [oTo] &) [N TSRS 74

Appendix C: Calculate flow if required test pressure cannot be reached...........c..ccceeeveveeeee. 75

Extrapolation Error for Flow if gauge “n” doesn’t match actual N ..........oooouieiiiiiii e 75
Table 13: Errors in Estimated Flow at 50 Pa if gauge "n"= 0.65 differs from actual Nn.........ccccoeevviiriiiiiniieneenen, 76
Table 14: Errors in Estimated Flow at 50 Pa if gauge "n" = 0.60 differs from actual n.........cccoccevviiviceeeicciee e, 76

CanNOt REACK 25 P FACTOIS ..o.uviiiiiiiiiie ittt ettt ettt et st st e st e s bt e e satee s baeesabeesataesbbeesabaeenabeessbaesabaeesabaeenseean 77

Page 7 of 91

©ORetrotec Inc. 2012


file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335149
file://fatman/files/PDF/Source/Manual-DucTester%20Operation%20&%20Testing/Manual-DucTester%20Operation%20&%20Testing%20-%20DRAFT%202012-10-18%20compressed%20pics.docx%23_Toc338335155

Table 15: Factors for when a duct pressure of 25 Pa cannot be reached (assumed n value of 0.6)...................... 78
(0T oY o a3 Tol g oY O I T - ot o YU UEUUR 78

Table 16: Factors for when a duct pressure of 50 Pa cannot be reached (assumed “n” value of 0.60)................. 78

Appendix D: TroubleShOOtiNg .......ccciveiiieiiiieiiieiiiiiircreereecrenereeieresessnsessnsesensessssssasssnses S0

“TOO LOW” QPPEAIS ON AiSPlay:....uueieiiiiiieeiiiiiee ittt e eettee e e ette e e e et e e e e stteeeeebteeeeebaeeeeestaeeesassaeesastaseesstaeessseneessnseneeesnns 80
Gauge “Flow” reading does not change? Turn off [@ PreSSUIe] .......ueiiiciieie ettt e et e e e e eaaeee s 80
FAN 0OBS NMOT FUN ...ttt et ettt e s et ettt e st e s b et e s abeesab e e e abeeesabee e beeesabeesabeeesabeesabeeeanbeesabeeesaseesabeesaneeesareesnnes 80
(0o 1=Yol Q1o Ta d o Tl U ol =T =Y o 1 01V SR 80
Fixing the Fan Top (fOr MOAEI 200) .........eiiciieiieeciee et eee e te st e et e e te e s e e e s taeesateeebeeessseeessaeesseeansaeessseesnseseseeesnseesnses 80
Model 210 and 220 — obsolete models NO 1oNger iN ProdUCLION .......c.viiii i e e 83

Figure 54: Obsolete Retrotec Model 210 has an audio style connection for speed control and only a single

o1 (I S = ole] o] =T ol 1 0] o PP UUTPPPP P PPPPPI 83
Figure 55: Obsolete Retrotec Model 220 has Ethernet-style connections for speed control from the gauge. .....83
Adjusting DucTester Motor Mount (for MOAEI 220) ........ueieiiieiiiie ettt rre e st e et e s te e e ba e e s be e etaeesabeesraeesaseeenees 83

Appendix E: Using a 8enerator fOr POWET ......ccccciieeireniiteniiinncienncrenerenerensereseesnssssnsessnsessnss 8D

Table 17: Acceptable generator POWEN QULPUL......ccccciii ittt e e s e e e s e sabee e s esnbeeeeesarees 85

Table 18: Portable generator AC pOWEr OULPUL LY PES. ..ciicuiiii ittt ettt ertee e et e e s e rree e e e sbee e s e sbeee e enarees 85
LCT=T 01T =) o OO OPPPI 85
Honda Generator EU2000 (120V, 2000W, 67 1DS) ...ccciiiiiiiieeiieeeiieeitteesiteeetteesveestteeesteeesbeesaaeessaeesssaeessseesnseesnsasesnsessnses 85
GENYX G3000HI (230V, 3000W) SENEIATON .....eieiuiieeiieeiiieeeteeeetteesteeestaeesteessteeesaseeasaeessseessaeaassessnsesessseessasasssessnsesessees 85
POMTaDIE POWET SUPPIIES ... eieiie ettt ettt et e e e et e e s eabe e e e e eabeeeeeesbaeeeeasseeeeenbaeeeassbeeeeesnseeeesnseeeesanseeeeannsens 85
Black and Decker Electromate 400 Model VECO2EBD .......cccueiiieiieiiieeniianieeieeieesieesiee it st seeeteesbeesbeesaeesasesabesbeenneesneas 86

Appendix F: Duct-Test Recording FOrms.......cccciceciieeiieniiieniiieiieeeieecieescnesscresssssssssnssssnsessnss 87
Total Duct Leakage Test Form Test date: J20 e e e e e 87

Total Duct Leakage Test Form (CA) Test date: J20 s 88

GlOSSANY..ceuuiieeirieiitenittenertnerentrenieraseesnsessnsessnsesssseressessssssnsessnssssnsessnsesansssassesnssssnsessnsesansesans Q0

Important Equipment-related Safeguards
When using electrical appliances, basic safety precautions should always be followed.

Please read the following carefully before using your DucTester:
e Avoid contact with moving parts.
e Special attention should be made to keep children and pets away from the fan when it is operating.
e Do not insert anything into the fan casing while the fan is moving.
e Ensure that no debris is inside the fan casing before operating the fan.
e Keep hands, hair and clothing away from fan at all times.
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The fan can cause damage or injury if it were to fall on someone/something.

Do not use equipment for other than its intended use.

Do not stand on the fan, or use the fan to support the weight of another object.

To protect against risk of electric shock, do not place this equipment or power cord in water or other liquid.
Press the power plug firmly into the power receptacle on the fan. Failure to do so can cause over-heating of the
power cord and damage the fan.

Do not use ungrounded outlets or adapter plugs. Never remove or modify the grounding prong.

Do not operate any device with a damaged electrical cord, or after an equipment malfunction.

Use only the included power plug to operate the fan.

Turn the unit off and unplug from any electrical outlet before moving and when not in use, or when making any
adjustments to the fan motor or electrical components.

For use under indoor conditions only.

For use where there is no exposure to water or dusty substances or explosive materials or flammable materials.
Ensure proper cooling of the fan motor.

Equipment is intended for diagnostic testing and to be operated for brief periods under supervision by a
qualified operator. Not to be used in a role as a household appliance for the purpose of moving air.

Failure to follow these instructions carefully may result in bodily injury, damage to property and/or equipment
failure. Failing to operate equipment as intended may void warranty and compliance with CE mark and other
listings.

Important Occupant Safeguards during testing

Please read the following carefully before carrying out tests:

If dust, pollen, mold spores, chemicals or other undesirable substances can get blown into living spaces, keep
those susceptible to these substances away from the test area, and wear dust masks.

Do not pressurize a duct system with air that is polluted or exposed to any toxic substances. For example,
blowing air from a car-port into a house or duct system while a motor vehicle is running can quickly fill a house
with toxic carbon monoxide.

If combustion safety problems are found, tenants and building owners should be notified immediately and steps
taken to correct the problem including notifying a professional heating contractor if basic remedial actions are
not available.

Air sealing duct work may change the pressure balance in a house and cause back drafting where it did not occur
before. For example, a return leaking to outdoors may have pressurized a house but when corrected, leaky
supplies may reverse that and cause depressurization which could result in back drafting hot water heaters,
furnaces or fireplaces.

Be aware of all possible sources of combustion. Ensure any appliances do not turn on during the test. Turn off
power to the appliance, or set the appliance to the "Pilot" setting. It is possible for flames to be sucked out of a
combustion air inlet (flame rollout) during a test, which is a fire hazard and can result in high carbon monoxide
levels.

If combustion safety problems are found, tenants and building owners should be notified immediately and steps
taken to correct the problem (including notifying a professional heating contractor if basic remedial actions are
not available). Remember, the presence of elevated levels of carbon monoxide in ambient building air or in
combustion products is a potentially life threatening situation. Air sealing work should not be undertaken until
existing combustion safety problems are resolved, or unless air sealing is itself being used as a remedial action.
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1. DucTester System Equipment
Duct testing systems (DU200, DE200, DK200)

A complete DucTester includes a calibrated fan, a digital dual-channel pressure gauge, and a Flex Duct with flange to
attach the fan to a register. Systems also include a hard-sided fan case, an AC adaptor for the gauge, and a roll of Grill
Mask. All pressure tubing and Control Cables are bundled together securely in one easy to use Umbilical cable, and a
tubing accessory kit contains T connectors and tube lengths.

Figure 1: A complete duct testing system.

1.1 The Calibrated DucTester Fan

Retrotec’s DucTester was specifically designed for testing ducts and tight enclosures. It has more than three times the
power necessary to test the leakiest duct system to current standards. The backward curved centrifugal impeller is
perfect for grading high test pressures. The elliptical nozzle is extremely stable in both the pressurization and
depressurization test directions, where it offers equivalent accuracy in both directions.

A Flow Conditioner is not needed with Retrotec fans for depressurization testing. Some duct testing fans require a flow
conditioner when depressurizing a duct system, in order to get correct readings. The Retrotec DucTester does not
require a flow conditioner because it uses a flow nozzle, which is intrinsically stable in either direction because the flow
gets compressed as it goes through the nozzle.

All Retrotec models comply with ASTM E1554-07, ANSI/ASHRAE 152, ASTM E779-10, EN 13829, ATTMA TS-1, CGSB
149.10 and RESNET standards.

The DucTester Fan can be used as part of a Blower Door system for testing tight enclosures, as shown in section 16. For
procedures on how to test an enclosure using a Blower Door system, see Residential Pressure & Air Leakage Testing
Manual.

1.1.1. Range Configurations
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Figure 2: Three flow rings: Low, Mid and Open, restrict flow through the fan inlet.

All Retrotec calibrated fans have multiple Range Configurations in order to measure a wider range of air leakage flows.
During testing, it is necessary to select the correct Range Configuration to achieve measurable and accurate results.

A calibrated fan measures flow by measuring the pressure developed inside the fan, which is often called Fan Pressure.
As the fan speeds up, a suction pressure develops at the inlet of the fan that causes air to flow. By measuring this Fan
Pressure, airflow can be calculated using pre-determined flow curves or tables, or the Retrotec gauge, which applies the
same calculations automatically and displays the Flow directly.

When the fan slows down, the Fan Pressure can become too small to accurately measure. To increase the Fan Pressure,
a restriction plate is placed in front of the fan. The fan, consequently, has to turn faster to maintain the same room or
duct pressure, which creates a larger, more accurate Fan Pressure. By providing a set of flow restricting plates with
calibrated holes, Retrotec DucTester fans can measure flows from 7 CFM to 725 CFM.

The Model 200 has three Range Configurations: Low, Mid, and Open. When adding restriction plates, it is important
that they always be installed on the fan inlet. In order to work correctly, the plates must restrict the airflow as it enters
the fan. Restricting the outflow has no effect on the inlet pressure. When depressurizing, the Flex Duct must be
removed in order to change the plates.

1.1.2. Latest Retrotec calibrated fan: Model 200

The Model 200 fan is included in the DU200, DE200, and DK200 duct testing systems; and included in the US200, EU200,
and UK200 Blower Door systems for testing tight enclosures. This 0.25 hp fan is designed for use with the Retrotec
digital gauge, which will control the fan to any desired Set Pressure or Set Speed. Alternatively, it can be controlled via a
manual Speed Control Knob, allowing the gauge to be used for other tests while the fan continues to run. The Model
200 Fan has a Fan Top that includes a built in speed control knob, an on/off switch, and the ability to chain multiple fans
together which allows control of multiple fans using a single gauge.
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Figure 3: Retrotec Model 200 has a speed control knob and two Ethernet style Speed Control Ports for daisy chaining speed controls.

The Model 200 has two Fan Pressure sensors (located inside the fan inlet), and two self-referencing pickups (located just
above and below the fan inlet) which are connected to the single green and yellow ports.

Figure 4: Fan Pressure sensors are located in the fan inlet.

The two Fan Pressure sensors are located just inside the fan inlet, behind the protective grill. Together, they measure
the Fan Pressure, from which the fan airflow is calculated in the gauge. If the sensors become blocked, it is possible to
clear them by attaching a pressure tube to the yellow Ref B port, and blowing air through the tube gently. A whistling
sound should be heard, indicating air is flowing through the sensors.

The exterior of the inlet has the two self-referencing pressure pickups. They are connected to the green Input B port,
and are used as the reference for the Fan Pressure Sensors. Self-referencing ensures that the measured pressure
difference is always accurate, no matter what the direction of flow is with respect to the location of the gauge and
operator.
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Figure 5: Self-referencing pressure pickup.

1.2 Digital Gauge

Figure 6: DM-2 digital gauge.

The latest Retrotec Digital Gauge is included with all Retrotec DucTester systems. The gauge can be combined with the
Model 200 fan for automatic control to Set Pressure or Set Speed. The gauge is a dual-channel manometer, which can

automatically convert the measured Fan Pressure into a range of useful results that meet every major testing standard

in the world.

The gauge is also capable of taking a Baseline pressure reading, and automatically recalculating results, in order to
reflect this bias pressure. It can auto zero itself to ensure pressure readings do not drift away from the true pressure
value during a test. It is also capable of displaying results that are extrapolated to any pressure.

For more information on configuring and using the DM-2, see the DM-2 Operation Manual.

1.3 Flex Duct

Retrotec's duct testing systems (DU200, DE200, DK200) include a 10" diameter, 12' long flexible duct to connect the fan
to a register, or duct system. A durable plastic Flange on one end is taped to a register or air handler, and connected to
the Flex Duct to ensure a strong and simple seal. Velcro straps on either end securely attach the Flex Duct to the Flange
and fan inlet or outlet.
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Figure 7: Flex Duct for duct testing system with Flange and strap.

1.4 Additional included duct testing equipment

In addition to the calibrated fan and digital dual-channel pressure gauge, a Retrotec DucTester system includes a few
additional items.

1.4.1. Grill Mask for sealing registers

Grill Mask is used to seal over registers and vents. Grill Mask comes in a 12" wide roll. Itis
perforated at 12" intervals to provide easy-to-tear pieces that can seal nearly anything. Be
careful applying Grill Mask to painted surfaces, as paint can be pulled off when removing it after
testing. Additional Grill Mask can be ordered from Retrotec as a single roll or in three roll

bundles. A handy Grill Mask dispenser is also available as an optional accessory. .
Figure 8: Aroll of

1.4.2. Umbilical for connecting fan and DM-2 gauge Grill Mask

An umbilical neatly bundles the needed pressure tubes and Control Cable, to prevent the user

from being greeted by a tangled mess of tubes and cables before each test. The standard 20' long
DucTester umbilical includes a yellow, green, and blue pressure tube, as well as the Control Cable
used for the DM-2 to communicate with the fan. For detailed instructions on how to connect the

DucTester fan and the DM-2 gauge using the Umbilical, refer to section 6.1. Figure 9: An
Umbilical

1.4.3. Flex Duct for connecting DucTester to ductwork

The Flex Duct provides a tight seal between the Flange (which easily connects to a return register)
and the DucTester fan. Its flexibility allows for easy mobility of the DucTester fan, and can stretch up
to 12 ft. For detailed instructions on how to connect the Flex Duct to a return register, refer to
section 6.1.3.
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The versatility of the Flex Duct also allows it to be used with a Pressure Pan and a DucTester fan as a Figure 10: A Flex
Powered Flow Hood. For a detailed description on using the DucTester to measure system air Duct

handler flow, see section 12.

1.4.4. Flange for connecting flex to ductwork at register

The Flange is the intermediate part used to secure the Flex Duct onto a return register by using

. : . ) . ) Figure 11: A
masking tape or Grill Mask. For instructions on how the Flange is connected, refer to section 6.1.3. istire

Flange
1.4.5. Toolbag keeps all testing components in one place

The Deluxe Condura Toolbag provides enough volume to hold all the system components of a
DucTester System. It includes a shoulder strap for easy carrying. The vented exterior pocket is an
important feature, useful for storing your smoke puffer which will destroy your gauge and laptop if
stored together.

1.4.6. Tubing Accessory Kit

The Tubing Accessory Kit comes with blue, red, yellow and green pressure tubes (approximately 37
ft each, 1/8” inner diameter), four short male-to-male pressure tube connectors, two T-connectors
for pressure tubes, a Static Pressure Probe, and a copper wire. Attaching a Static Pressure Probe to
the pressure tube can prevent pressure reading interferences from wind or other air flows blowing
on the pressure tube. The copper wire can be inserted into a pressure tube to prevent it from

bending, and affecting the pressure reading. Figure 12: A Tubing
Accessories Kit

1.4.7. Power Cord

The power cord is used to power your Model 200 fan. Once it is connected to a wall outlet, the Mains
Power status light turns green, indicating power is connected.

1.4.8. 9v Power Supply adapter for charging DM-2 gauge Figure 13: A

power cord for

The 9V Power Supply adapter is used to charge the DM-2 gauge’s batteries. For instructions on Model 200 fan

charging the DM-2 batteries with the 9V Power Supply Adapter, refer to section 6.1.

1.4.9. Additional accessories for the DucTester i
igure 14: Power

The following is a list containing DucTester system components with part numbers, and additional ::Z‘Smgaptm for
accessories that can be used with a DucTester fan. For more information on these parts, contact
sales@retrotec.com.
Part Description Image
Number

DucTester (240V/50Hz)

DE200 . !

DucTester (110V/50Hz)

DK200

Manual Speed Control (Includes DM205 — Control Cable)
CU230
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Part Description
Number
Control Cable — 20 ft (7 m)
DM205
Mid-Range Ring for Model 200 Fan
DU154
Low-Range Ring for Model 200 Fan
DU155

Power Cord for Model 200 fan
PT103
Deluxe Cordura Toolbag with Shoulder Strap
TL118
DM214 Laptop Style Case for DM-2
DM-2 Dual Channel Digital Gauge
DM221
9V DM-2 Power Supply for DM-2
DM203
DM204 NiMH Batteries for DM-2 (Package of 4)

AAs -
Energizer

RECHARGE

©ORetrotec Inc. 2012
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Part Description Image
Number
USB Cable Type A to Mini B for DM-2, 6 ft (2 m)
DM212
Umbilical for Model 200 Fan, 20 ft (7 m)
DM227
Grill Mask, Case of 3 (12 in x 160 ft, 12” perforations)
GR109
GR106 Grill Mask Dispenser (13 in)
Basic Wind Damping Kit
TU101
TU103 Wild Wind Tamer Wind Damping Kit
Small Pressure Pan (13 in x 15 in x 4.5 in), handle, no pole (Includes PP103 — Velcro (4 x 4"
PP101 .
adhesive backed)
PP102 Large Pressure Pan (24.5 in x 24.5 in x 8.75 in), handle, no pole
(Includes PP103 — Velcro (4 x 4" adhesive backed) x 2
Static Pressure Probe
GA110
TU133 Bulk Tubing - Green 1/8in ID / per ft
TU132 Bulk Tubing - Yellow 1/8in ID / per ft
TU131 Bulk Tubing - Red 1/8in ID / per ft
TU130 Bulk Tubing - Blue 1/8in ID / per ft

ORetrotec Inc.
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Part Description Image
Number
Tubing Accessory Kit
TU119
Model 200 Verification Plate
DU159
Flex Duct for DucTester 12.5 ft (3.8 m)
DU156
FI for DucT
DU157 ange for DucTester
Cloth for Model 200 Fan (Includes DU160 Soft Panel Clip Kit for Low Flow Fan)
AL214 . i .
Designed for testing tight enclosures
Commonly used for Passivhaus
Case for Aluminum Frame
AL103
Extender Kit for Aluminum Frame, Red Anodized
AL215
AL111 Aluminum Frame Crossbar #5, lower
AL112 Aluminum Frame Crossbar #6, upper
Aluminum Frame Cam Lever Replacement Kit
AL106
Aluminum Frame Replacement Knob
AL107
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Part Description Image
Number
Aluminum Frame Replacement Channel Guide Kit (5 Units)
AL113 Y,
Aluminum Frame Replacement Corner Block Kit (Single)
AL114
AL11S Aluminum Frame Replacement Expander Block Kit (Single)
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2. Why measure Duct Leakage?

2.1 Is Duct Leakage Important in terms of energy loss?

Duct leakage is estimated to account for up to 25% of the total energy loss in a typical house. In many instances, it has a
greater impact on energy use than air leaks anywhere else in the house or building envelope. Small commercial
buildings often find that duct leakage is the single largest cause of performance problems.

2.2 Duct Sealing Can Save Homeowners Money

A study completed in Florida examined 46 homes. They found that sealing the duct leakage reduced air conditioner use
by an average of 17%. This lead to savings of $110 per year, and the repairs were a onetime cost of $200. Repeatedly,
studies show that sealing leaky duct systems is one of the most cost-effective measures that a home owner can take.
Heating or cooling, the same holds true in all climates. Another study in Arkansas noticed an average savings of 22% on
heating bills when duct leakage sealing was performed.

2.3 Problems from duct leakage:
e Leaky return ducts pull unconditioned air into the duct system, and reduce the efficiency and capacity of the
HVAC system.

e Conditioned (and expensive) air is lost directly to the outside, a crawlspace, or an attic.

e If moist air is pulled into return leaks, the dehumidification system is overwhelmed and the building will be
uncomfortable.

e Aninefficient duct system will result in people seeking alternative sources of heating or cooling, including
increased use of electric heaters and fans.

e Dangerous gases, mold spores, insulations fibers, dust, and other contaminants can be drawn into the duct
system and are blown into conditioned spaces.
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3. Locating Duct Leaks

Air leakage from a duct system can be very hard to identify. Most duct systems are predominantly behind walls, in
attics, crawlspaces, or other unconditioned and hard to access areas. Consequently, most duct leaks are hard to find,
and tend to go unnoticed by owners and contractors alike. Unfortunately, the harder a leak is to find, the more crucial it
tends to be, as these leaks are often found in hot, humid, damp, and moldy environments. For more details on finding
air leaks in the ducts, refer to section 10.

3.1 Types of Duct Leakage tests
There are two types of duct leakage tests: a Total Duct Leakage test, and a Duct Leakage to the Outdoors test.

Total Duct Leakage test is used to determine the total amount of air leakage from a duct system (to outdoors and
indoors)

e only a DucTester system is needed to create a pressure in the duct system
e see section 8.1 for test procedure

Duct Leakage to Outdoors test is used to determine the air leakage from a duct system to the outdoors only

e Both a DucTester system and a Blower Door system are needed in to create a pressure in the duct
system and the house
e see section 8.2 for test procedure

3.2 What is Duct Leakage to the Outdoors?

Duct systems can be either within the conditioned space (i.e., entirely enclosed in the building), or outside of the
building envelope (i.e., in crawl spaces and/or attics). When ducts are contained in the conditioned space, air leaking
from ducts will end up inside the home. When the ducts are outside of the conditioned space, duct air leaks go directly
to the outdoors; this causes conditioned supply air to escape, and allows outdoor air to be sucked in through the return.
If duct systems run within building cavities, leaked air can go to both the outdoors and inside the house.

For Duct Leakage to Outdoors tests, the DucTester fan and Blower Door create the same pressure in the house and the
duct system. This neutralizes the pressure between the house and duct system, which effectively means that there
would be no airflow between the duct and inside the house, resulting in the DucTester system only measuring duct
leakage to the outdoors.

The studies discussed in section 2.2 mostly reference homes with duct systems outside of the conditioned space. Duct
leakage to the outdoors has the most impact on HVAC performance. However, even when all ductwork is located within
the building, there can be significant loss to the outdoors.

3.3 What is Duct Leakage to the Indoors?

Less is understood about the impacts of duct leakage to the indoors. One of the major concerns is that leaky return
systems can cause basements to depressurize, which can in turn cause combustion gases (from the furnace) to spill out
into the home. This can cause serious health problems for the occupants, especially if the gas mixture is high in carbon
monoxide, an odorless, invisible gas and deadly gas. Along with this problem, negative pressures can also cause
increased moisture in the building, and possibly allow radon gas to infiltrate as well.

3.4 How much duct leakage is acceptable under existing Codes?

How much duct leakage is acceptable? The table primarily shows standards for new buildings; only California has a
listing for existing buildings. Changes occur as states adopt the new codes. Check at the Online Code Environment and
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http://energycodesocean.org/implementation-status-map

Advocacy Network website for up to date details on energy code adoption. ENERGY STAR programs are listed even
though they are voluntary programs rather than Codes.

Table 1: Duct Leakage Compliance Values (Residential) according to existing Codes

Program/Region Units/Test Leakage requirement
Pressure
Abu Dhabi CFM25/100 sq ft Total Duct Leakage: <=12 CFM25/100 sq ft
Building Code at Duct Leakage to Outdoors: <=8 CFM,5/100 sq ft
+25Pa
CA: USA CFMys at Total Duct Leakage: <=6% of system air handler flow
Title 24 —new building +25Pa (actual measured airflow or airflow can be calculated by using the maximum of
(residential 400 CFM,;5 per Ton and 21.7 CFM,5 per 1000 BTUh).
Maximum nominal duct leakage is 24CFM,s/Ton or 1.302 CFM,5/1000 BTUh for
design purposes.
CA: USA CFM,; at If testing at Rough-in without AHU
Title 24—new building +25Pa Total Duct Leakage: <= 4% of system air handler flow
(residential) (actual measured airflow or airflow can be calculated by using the maximum of
400 CFM,;5 per Ton and 21.7 CFM 5 per 1000 BTUh).
CA: USA CFMs5 at Total Duct Leakage: <= 15% of system air handler flow
Title 24—existing +25Pa (use actual measured airflow or airflow can be calculated by using the maximum
building (residential) of 400 CFM,; per Ton and 21.7 CFM,5 per 1000 BTUh).
OR
Duct Leakage to Outdoors <= 10% of system air handler flow
(use actual measured airflow or airflow can be calculated by using the maximum
of 400 CFM,;s per Ton and 21.7 CFM,5 per 1000 BTUh).
OR
if fail both, show a 60% reduction in leakage
CA: USA CFM,5 at If Ducts are in conditioned space
Title 24—Ducts in +25Pa Duct Leakage to Outdoors: <= 25 CFMys
conditioned space
(residential)
ENERGY STAR Homes CFM,5/100 sq ft at | Total Duct Leakage: <= 8.0 CFM,5/100 sq ft of conditioned floor area
USA +or-25Pa AND
Version 3 (Rev 05) Duct Leakage to Outdoors: <= 4.0 CFM,35/100 sq ft of conditioned floor area.
Florida State Energy
Code
FL: USA
2009 IECC International CFM,5/100 sq ftat | Post Construction Test:
Energy Conservation +or-25Pa Total Duct Leakage: <= 12 CFM,5/100 sq ft conditioned floor area.
Code OR
Duct Leakage to Outdoors: <=8 CFM,s/100 sq ft conditioned floor area.
Global OR
Rough-in Test with air handler
Total Duct Leakage: <=6 CFM,5/100 sq ft
OR
Rough-in Test with no air handler:
Total Duct Leakage: <=4 CFM,s/100 sq ft
Required:
-Where ducts are located outside the conditioned space
-In existing houses where more than 50% of the ducts are replaced
4. Not Required:
- If all ducts are located in the conditioned space

©ORetrotec Inc. 2012
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Program/Region

Units/Test

Leakage requirement

Code

Global

Pressure
2012 |ECC International CFM,5/100 sq ft at | Post Construction Test:
Energy Conservation +or-25Pa Total Duct Leakage: <=4 CFM,5/100 sq ft conditioned floor area.

OR
Rough-in Test with air handler
Total Duct Leakage: <=4 CFM,5/100 sq ft
OR
Rough-in Test with no air handler:
Total Duct Leakage: <=3 CFM,5/100 sq ft

Required:
-Where ducts are located outside the conditioned space
-In existing houses where more than 50% of the ducts are replaced

5. Not Required:
- If all ducts are located in the conditioned space

New York State Energy
Code
NY: USA

CFM,5/100 sq ft
Total leakage at
+or—25Pa

Total Duct Leakage: <= 8.0 CFM,5/100 sq ft of conditioned floor area or 6% of air
handler flow. Measured at supply closest to air handler.

Test equipment must be certified by manufacturer that it complies with ASTM
E1554-07 and ASHRAE Standard 152. Duct leakage to outdoors acceptable
under Method A of ASMT E1554-07.

North Carolina Energy
Conservation Code
NC: USA

CFM,5/100 sq ft
Total leakage at
—25Pa

Total Duct Leakage: <= 6.0 CFM,5/100 sq ft of conditioned floor area.
Depressurize to -25 Pa measured at supply closest to air handler.

Test equipment must be certified by manufacturer that it complies with ASTM
E1554-07.

Homes
ID, MO, OR, WA: USA

Northwest ENERGY STAR

CFMso/Sq ft
CFMsq
+50Pa

Total Duct Leakage, air handler in un-conditioned space
CFMs, <= floor area (sq ft) X 0.04 (which is same as CFMsy/ sq ft <= 0.04)
OR CFMso <= 50 (when house < 1250 sq ft)

Total Duct Leakage, air handler in conditioned space
CFMs, <= floor area (sq ft) X 0.06 (which is same as CFMs,/ sq ft <= 0.06)
OR CFMso= 75 (when house < 1250 sq ft)

Not Required:
If both the ducts and air handler are located within the conditioned space

Oregon State Energy
Code
OR: USA

Code
WA: USA

Washington State Energy

CFM,s/sq ft
Total leakage at
+ 25 Pa

Total Duct Leakage
with air handler NOT installed <= floor area (sq ft) X 0.04 CFM 5
with air handler installed <= floor area (sq ft) X 0.08 CFM 5
Duct Leakage to Outdoors (recommended where possible)
<= floor area (sq ft) X 0.06 CFM,5
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Table 2: Maximum allowable duct leakage (Residential) according to existing Codes
CA Title-
VT ENERGY [Northwest .
Based GA WA . . NC 24 CA Title-24
Residentiall STAR | ENERGY Based on
Code: on 2009 State [State - Energy | Code — Code -
Building | Homes | STAR 2012 IECC
IECC Code [Code Code | Altered |New ducts
Energy Std|V3 Rev5| Homes
ducts
Test +or-— +or-— + +or-— +or-— + - + + +or-—
pressure | 25Pa | 25Pa [25Pal 25Pa 25Pa 50 Pa 25 Pa 25 Pa 25 Pa 25Pa
CFM
] CFM /100's CFM CFM CFM CFM CFM CFM CFM CFM
Units /100 sq ft ft q /sq ft| /100sqft |[/100sqft| /sqft |/100 sq ft /100 sq ft
Max Total
Duct 4% of
Leakage, at 4 N/A 0.04 4 N/A N/A N/A N/A system 3
rough in, NO airflow
air handler
Max Total
Duct 6% of
Leakage, at 6 6 |0.08 3 N/A N/A N/A N/A system 4
rough in, airflow
with air
handler
Max Total
Duct
Leakage 0.06 CFM/ 15% of 6% of
post 12 12 0.08 N/A 8 sq ft 6 system system 4
construction or 75 CFM airflow airflow
with air
handler
Max Duct
Leakage to
Outdoors, 10% of
post 8 8 0.06 6 4 N/A N/A system N/A N/A
construction airflow
with air
handler

Tighter ducts required

The table is listed from left to right in order of loosest to tightest “Total Duct Leakage” requirements.
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Table 3: Region covered by each Code or Program

AL CT DC
DEIAID
IL KY MA (')'?{
. ME MT
Region: RAARRAL GA WA VT USA MO NC CA CA MD
NY OH WA
PA RI TX
VA
VT ENERGY | Northwest CATitle-24 .
Based on[ ©A WA Residential | STAR ENERGY A8 Code - C e, Based on 2012
Code: | 2009 [ State | State |- Lo | Homes | sTAR | E"®™8 | Altered | 09~ IECC
IECC G || (Goels Energy Std | V3 Rev5 | Homes Ceds ducts RV EEE

Disclaimer: This information is not guaranteed. As Codes are being updated continually, this table represents the
most up to date information available at the time of publishing. Please refer to “rev” date on cover page of this
document to determine date of publishing.
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6. Set up your DucTester for duct leakage testing

A step by step guide to the Duct Testing Procedures can be found in Retrotec’s DucTester 200 QuickGuide.

Figure 15: DucTester setup, including tubing locations and necessary connections.

6.1 Unpack, connect the gauge to the DucTester

Prior to beginning any test, it is important to verify that the system is functioning properly. Check that the batteries
have enough power, and that the fan can be controlled either automatically or manually.

6.1.1. Charge the gauge

retrotec inc

Comnon WA Wate e U LA

Figure 16: 4 NiMH AA batteries type in the battery compartment of the DM-2

The nickel-metal hydride (NiMH) batteries should save you about $200 per year on batteries, so it’s worth spending
some time to get familiar with them. You can change them to non-rechargeable batteries but ensure the [Setup] key is
used to change the “Battery Type” because trying to charge non-rechargeable batteries will damage your gauge.

1. If they're not already installed, install the 4 NiMH AA batteries into the battery compartment of the DM-2
gauge. Always use four batteries that are exactly the same and that have been charged for the same
amount of time. Never use mismatched batteries.

2. The batteries will need to be charged for a minimum of 18 hours if this is the first time they're being used.

3. Press [On] and then [Exit] to view the battery indicator in the top left corner of the screen.

Page 26 of 91
©ORetrotec Inc. 2012



4. If the batteries are less than one quarter full, connect the battery charger for approximately 12 hours.

5. The batteries will charge more quickly if the DM-2 is turned off. A large battery icon will be displayed on the
screen, as shown in Figure 20.

Figure 17: The screen and back view of the DM-2 while the batteries are being charged.

6.1.2. Make all connections on the gauge and fan

1. Often, the yellow, green and blue tubes and the Control Cable are left permanently connected to the gauge
but if not, make those connections.

o

Figure 18: Pressure ports on the back of the gauge are color-coded to match the tubing.

Figure 19: Electrical connections on the back of the gauge include Control Cable that goes to the DM-2 (shown connected), USB cable for a PC,
reset switch and DC power connection.

2. Connect the power cord to a wall outlet and to the fan. Turn on the power switch. The Mains Power status
light turns green, indicating power is connected. Before connecting the Control Cable, the manual speed
control knob can be used to test run the fan. If the Control Cable is connected it must be disconnected to

use the Manual Speed Control Knob. The Manual Speed Control Knob must be turned to zero and back on
again to re-activate it.

Made in USA «© b

o
Control
rertroaten i o |
C€
O

'Y
O

Figure 20: Model 200 Fan Top with power cord, color-coded tubing connections (green and yellow) and Control Cable.
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3. Connect the Control Cable to the fan, unless you wish to use the Manual Speed Control Knob. When the
Control Status light is illuminated solid green, this means the fan is connected to the gauge and is ready to
perform automated testing. Having the Speed Control Cable connected disables the manual Speed Control
Knob. To enable the manual Speed Control Knob, disconnect the yellow Speed Control Cable and turn the
knob on, off and on again.

4. Connect the yellow and green tubes on the fan.

5. Insert the blue tube into the duct system, typically through a supply register closest to the air handler or into
the supply plenum itself. Attaching a Static Pressure Probe to the blue tube is mandatory when connecting
to the plenum to avoid the effects of the moving air (velocities) to be found there. While not necessary
when connecting to registers since there is almost no velocity there, it makes a handy method to pierce the
tape and hold the blue tube in place.

Figure 21: Insert the blue tube into a supply register closest to the air handler

6. If the rechargeable batteries in the DM-2 are below one quarter power, the battery charger should be
connected to the “DC Power” port on the DM-2. Charge them fully overnight.

7. To test control of the fan, press [Set Speed] [20] [Enter] on the DM-2. This sets the fan to 20% speed. The
preferred method is using [Set Pressure] [25] [Enter]. (Some standards require 50 Pa).

8. Press [Exit] to stop the fan.

6.1.3. Blue Tube location matters when testing leaky ducts

When measuring extremely leaky duct systems (where the leakage is over
500 CFM), the location of the test measurement point has a significant
influence on the measured results because the test pressure induced in
the duct system will vary throughout the system.

The highest leakage results will likely be measured when the blue tube is
put into the supply register that is furthest from the air handler.
Conversely, putting the blue tube into the main supply trunk line, or
supply plenum, will measure lower leakage results. Measuring with the Figure 22: A Static Pressure Probe attached to a
blue tube at the return ducting, where the DucTester is normally attached, Pressure tube allows the measurement of pressure

. . ithout flow interf .g: insid I
will show the lowest possible leakage results. ::'gis"::r) ow interference (e.g: inside a supply

Some programs require test results from two test measurement locations.
The two results are averaged, which helps eliminate error due to the location of the test measurement point.
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In duct systems that are relatively tight (200 CFM or less), the induced test pressure in the system is more uniform, and
all locations will provide similar results. Essentially, if a duct system passes an energy code requirement of 100 CFM or
less, the test point location will not affect results in any significant way.

New home testing is typically done using the register closest to the supply plenum which is just fine most of the time. If
the system is too leaky to pass, try placing the blue tube in the return plenum; if the reading is about the same, the leaks
are in the return, if the leaks are a lot less, they are in the supply.

If you have a Blower Door and a pressure pan, pressurize the house to 50 Pascals and then take pressure readings on the
pressure pan, with the pressure pan closing off one register at a time. The leakiest ducts will be found behind those
registers with the highest pressures.

6.1.4. Connect the DucTester to the Duct System

The DucTester has a 10 inch by 12 foot Flex Duct with a Flange on one end which is normally connected a return grill,
but which can also be connected to the air handler cabinet. When considering where to connect the DucTester to the
duct system, it is important to think about airflow restriction and accessibility. For most duct tests, the DucTester should
be connected to the central return (if there is one) or to the air handler cabinet itself. If there are multiple returnsin a
duct system, the return duct work is typically smaller in size and can cause restrictions in airflow that can create
backpressures and contribute to poor and inaccurate test results. If the air handler is in a difficult location for access
(i.e., in the attic or crawl space), find the closest and largest return grill to it the air handler and use that.

6.1.5. Connect the Flex Duct to return register

1. Choose the main return with the most direct connection to the air handler. Remove filters behind the
return grill.

2. Attach the Flange to the return grill using Grill Mask or high quality masking tape. Seal the remaining
openings with Grill Mask.

3. Attach the open end of the Flex Duct to the Flange (which is attached to the return grill); use the Velcro
strap to secure it to the Flange.

4. Place the DucTester in such a position as to minimize any major bends in the Flex Duct.

Figure 24: Flange taped onto a
return register before attaching the
Flex Duct

Figure 23: Flex Duct connected to the Flange.

6.1.6. OR Connect the Flex Duct to the air handler cabinet

Alternatively, connect a Flex Duct to the air-handler cabinet. Normally this will give the same results as connecting to a
return. In cases where there is no return ducting installed, or where leaks in the return system are excessive, connecting
to the air-handler might be the only option to measure the supply section of the ducts.

Page 29 of 91
©ORetrotec Inc. 2012



1. Cut a piece of cardboard the same size as the access panel to the blower
compartment of the air handler unit. Cut a hole in the middle of the piece of
cardboard that is slightly smaller than the square Flange.

2. Putthe cardboard piece with the attached Flange onto the opening of the
blower compartment access. Tape the cardboard in place and seal all four sides
of the cardboard panel.

3. Attach the Flex Duct to the Flange and secure it with the Velcro strap. Ensure
that the DucTester has been placed in such a position as to minimize any major
bends in the Flex Duct.

4. Select a location to measure the test pressure that is induced by the DucTester.
This induced pressure will be measured on Channel A of the gauge.

Figure 25: Preparing to
connect to ducts via air
handler

6.1.7. OR Connect the Flex Duct to a ceiling level return using a Flow Hood

The optional Flow Hood is a faster way to connect to a ceiling register. Here the system is being
pressurized from a ceiling level return. It is a Pressure Pan with a hole in it, pre-cut to fit the Flex
Duct and a Flange. The blue tube goes into the supply register closest to the air handler just as
before.

When pressing the Flow Hood over the ceiling register, precautions must be taken to prevent the
black rubber weather-strip from marking light colored walls. Either cover the rubber with clear §
tape, or avoid scraping over the painted surface.

Z
Before the registers are covered, and while the air handler is running, the system’s air handler flow ‘ f*‘
rate can also be measured up to the capacity of the DucTester. For detailed instructions on how to

use a powered Flow Hood to measure system air handler flow, refer to section 12.3.

Higher air flow rates can also be measured when connected to the air handler itself because then the exclusive
@Pressure feature on the Retrotec gauge can be used to establish an exact flow rate at any required pressure.

6.2 Prepare the Duct System for a test

Preparing for a duct leakage test requires preparing both the duct system and the building. The following setup
procedures are recommended by Retrotec. If the test is being conducted according to a specific program guideline, you
may be required to set up the duct system and building differently than what is described below.

6.2.1. Before beginning the duct leakage test

Adjust the HVAC system controls to ensure that the air handler does not turn on during the test.

Remove all filters inside the ductwork including any filter that is behind the return grill (that the DucTester will be
connected to).

Seal off all remaining supply and return registers using Grill Mask. A roll is provided with all DucTester systems.
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Figure 26: Seal all supply and return registers with
Figure 27: Turn off the  Gill Mask Figure 28: Remove

air handler all air filters

While it would be ideal to seal between the register and the wall using Grill Mask, caution must be used to prevent
pulling paint off the wall.

Seal combustion air and ventilation inlets directly connected to the duct system. This can be done by sealing the
opening on the outside of the building, but can also be done by removing the inlet from the duct work and taping off the
opening.

Turn off all exhaust fans, dryers, and room conditioners.

Turn off vented combustion appliances, if there is a possibility that the area containing the appliance will become
depressurized during the testing procedure.

Open all interior doors leading to rooms containing a supply or return register (and open an exterior door or window for
a Total Duct Leakage test — see section 8.1). When ducts run through an unconditioned space, that space must be
opened to the outdoors, to relieve any pressure that may build up in that space during the test.

6.3 Install Range Ring on fan

Each Retrotec DucTester includes three Range Configurations to
maximize accuracy and versatility: Low, Mid, and Open. The
selected Range Configuration will determine the range of air flow
that the DucTester can measure. While it is easy to change the
Range Configuration when pressurizing, it is better to make your
best guess at the correct Range Configuration when testing in the
depressurization direction since the Flex Duct must be removed to
change Range Configurations. Do NOT try to forcefully attach the
Range Rings to the exhaust; they must always go on the inlet of the
fan, where the Velcro holds them in place.

Open

Mid

Low

Remove a Range Ring for leakier ducts or add a Range Ring for
tighter ducts. Testing should always be done at the highest possible
fan speed, which means using the most restrictive Range
Configuration possible (the one with the smallest hole possible).
Higher fan speeds lead to the highest degree of accuracy. If the fan
is running too slowly “TOO LOW” or “-----“ will appear on the gauge Figure 29: Range Plates for the Model 200.
display indicating you must change to a more restrictive range.

6.4 Select a test direction
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Duct leakage can be measured by blowing air into the ducts to pressurize the ducts, or by pulling air out of the ducts to
depressurize the ducts. Program guidelines may specify a particular test direction. Both test directions provide similar
results, however depressurization testing is faster and more consistent because the negative pressure will pull the Grill
Mask (or other sealing means) onto the registers ensuring a tighter seal. In the absence of any other requirement,
Retrotec recommends depressurization. Some standards require pressurization.

6.4.1. Setting up for depressurization

1. Install the “Mid” Range Ring, since most systems can be tested on this Range Configuration. For more
information about selecting and changing Range Configurations, refer to section 6.3.
2. Install the Flex Duct over the fan inlet, covering the Range Rings and tighten the strap.

Figure 30: Install Flex Duct over the fan inlet, covering the Range Rings, for depressurization.

6.4.1. Setting up for pressurization

The only advantage of pressurizing is that it makes changing Range Rings on the fan easier. If a pressurization test is
needed, simply install the Flex Duct on the outlet side of the fan.

Figure 31: Install Flex Duct over the fan exhaust, for pressurization.
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7. Set up the gauge to display Duct Leakage Results

Read the Total Duct Leakage results directly from the gauge on the results display “Mode”. In order to compare duct
systems in different homes/buildings, it is necessary to normalize the leakage results for the size of the HVAC system
and the size of the building. The two most common variables used to normalize duct leakage are total HVAC flow rate

and the floor area of the building.

W [ Joesl & | o —_— [ ol & | on —_— [ Joesl & | on
PrA 24.6 Pa PrA 24.6 Pa PrA 24 .6 Pa
Flow 115 cfm JAret 0.116 " JAvos 116 Jioor
Speed = 50.0 % Speed = 50.0 % Speed = 50.0 %
Mid Retrotec DU220 Mid Retrotec DU220 Mid Retrotec DU220
) T-- [oesl & | o [} | ---- Joss] 8 | om ) | ---- lo.ssl 8s | On
PrA 24.6 Pa PrA 246 Pa PrA 24 .6 Pa
Flow 115 5ors e 11.6 Stooe e s
Speed = 50.0 % Speed = 50.0 % Speed = 50.0 %
Mid Retrotec DU220 Mid Retrotec DU220 Mid Retrotec DU220
W [ Joesl & | o —_— [ Josl & | on _— [ Joesl & | on
PrA 24.6 Pa PrA 24.6 Pa PrA 24 6 Pa
EqLA 241 in? EqLA 155.0 cm® EqLA 0.167 ft’
Speed = 50.0 % Speed = 50.0 % Speed = 50.0 %
Mid Retrotec DU220 Mid Retrotec DU220 Mid Retrotec DU220

Figure 32: Some of the most common results that can be read directly off the gauge.

7.1 Mode setup for duct testing in the US

Table 4 shows what settings will directly calculate the results required for testing compliance with the codes adopted in
the various states.
Table 4: Gauge Mode Setup for US state Codes and programs for Duct Testing

Code 2009 ENERGY Northwest Title-24 | WA State
IECC STAR ENERGY STAR Code Code
Homes
Region: VT GA CT DE USA ID MO OR WA CA WA
GAIDILIO
MA NC NH NJ
NY OH TX
MD
Pa Pa Pa Pa Pa
Pressure
CFM CFM CFM CFM CFM
Flow
(Flow) @ Pressure @25 Pa @25 Pa @50 Pa @25 Pa @25 Pa
Off Off Off Off
EqLA Off
(EqLA) @ Pressure n/a /a n/a n/a n/a
EfLA, Effective Leakage [Off i P i il
Area
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/el n/a n/a n/a
(EfLA) @ Pressure  |n/a / / / /
Air Changes Off i Off Off Off
(Air Changes) @ n/a g n/a n/a n/a
Pressure
Flow per Areaof  [cFM/i00f2 |- /100 fit* |cPMm/ft’ off CFM/100 ft*
Conditioned floor area
(Flow per Area) @  |@25 Pa @25Pa  |@50Pa off @25 Pa
Pressure
off off Off off
EqLA per Area Off
(EqLA per Area) @ n/a n/a n/a n/a n/a
Pressure
off off Off off
EfLA per Area Off
n/a n/a n/a n/a
(EfLA per Area) @  [n/a / / / /
Pressure

Grey areas in the table indicate those results are not needed for those programs but can be turned on or off any time
they may be needed. The “@ Pressure” value for Flow measurement is set at the value required for duct testing.

7.2 Mode Setup for various standards around the world

Table 5: Gauge Mode Setup for various standards around the world

Standard:

France |France

Region: A Apt  [Comml

Res

Pa Pa
Pressure Pa

3 3
m~/hr [m>/hr
Flow m3/hr / /

160 Pa|240 Pa
(Flow) @ [80Pa

Pressure
Off  |Off
EqLA Off
Off  |Off
(EqLA) @  [Off
Pressure
Off Off
EfLA, Effective [Off
Leakage Area
Off  |Off
(EfLA) @ Off
Pressure
. Off  |Off
Air Changes [Off
Off  |Off
(Air Changes) [Off
@ Pressure
Off  |Off

Flow per Area [Off
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ff ff
(Flow per  [Off > =

Area) @
Pressure

Off Off
EqLA per Area [Off

(EqLaper  [of off  |off

Area) @
Pressure

Off Off
EfLA per Area [Off

ff ff
(EfLA per Off E P

Area) @
Pressure

7.3 Setting up and using the DM-2 gauge for Duct testing

1. Set up the gauge to show the results you require

Press [Mode] to cycle through available results. Typically, choose between Flow, and Flow/Area. Mode

Units for flow are typically CFM, and units for Flow/Area are typically CFM/ft*>, CFM/100 ft*, or
CFM/1000 ft*.

If a desired results mode such as Flow/Area does not appear as a choice, press [Setup], scroll to "Mode Setup",
press [Enter], scroll down to "Flow/Area", and choose the desired units by pressing [P>] or [€4]. When required
units are displayed, Press [Exit] twice, and the Flow/Area in the chosen units will be one of the choices when the
[Mode] key is pressed.

2. Set up the gauge to show only the fans and ranges you need, and set the ones currently in use Device

Press [Device] to get “Retrotec DU220”. Devices can be disabled or enabled by pressing [Setup] and
going into the “Device Setup” menu

R
Press [Range Config] to get "Mid". If Range Ring installed on fan is not Mid-Range, adjust the setting C::?i;
A

on the gauge to match what is installed. Range Configurations can be disabled or enabled by pressing
[Setup], going into the “Device Setup” menu, and selecting individual Devices and the choosing from the
available Range Configurations.

3. Set up the gauge for proper time averaging and ensure that it will be Auto Zeroed. 2:1;
Press [Time Avg] to get “4s”, or go to 8 seconds if it’s fluctuating. 5
Aut
Press [Auto Zero] to get “On”. o
>

4. Adjust fan speed on DucTester

Use [Set Pressure] on gauge. Press [Set Pressure] [25] [Enter]. The fan will automatically accelerate and
maintain a pressure of 25 Pa in the duct system. Press [@ Pressure] until “@ 25 Pa” is displayed to view the
result at exactly 25 Pa. If your standard requires 50 Pa, substitute 50 for 25.

OR

Use [Set Speed] on gauge. Press [Set Speed] [50] [Enter] to set the fan speed to 50%. Press [Jog/Hold] until
"Jog" appears. Use [A] or [¥] to adjust the speed until “Pr A” displays close to 25 Pa. Press [@ Pressure] until
“@ 25 Pa” is displayed to view the result estimated at exactly 25 Pa. If your standard requires 50 Pa, substitute
50 for 25.
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OR

Use the manual Speed Control Knob on the Fan Top. Increase the fan speed until a stable pressure of 25 Pa (or -
25 Pa) is displayed on “Pr A”. Press [@ Pressure] to display the results is displayed at the “Mode” at exactly 25
Pa. If your standard requires 50 Pa, substitute 50 for 25.

If "TOO LOW" appears as the flow result, or the desired test pressure cannot be reached, change the Range
Configuration on the fan and on the gauge to match (see section 6.3).

—t | ----losés| & | on __u] l----loesl 8s | On
PrA 24.6 Pa PrA 24.6 Pa
Flow 115 cfm sk 116 Bassrn
Speed = 50.0 % Speed = 50.0 %
Mid Retrotec DU220 Mid Retrotec DU220
Figure 33: DM-2 screen set up for measuring flow in CFM (left) and Flow per unit Area @25 Pa (right).
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8. Conduct the Duct Leakage test
8.1 Total Duct Leakage

A Total Duct Leakage test measures the total amount of air leakage from a duct system. This includes leaks to both
conditioned spaces, and leaks to unconditioned spaces. Total Duct Leakage is thus the sum of duct-to-outdoor and duct-
to-house leaks.

Pressurization and depressurization tests have the same tubing configurations. The only difference between the two
tests is that for a Depressurization test, the Flex Duct is connected to the Fan inlet, over top of the Range Rings. In other
words, the tubing setup is the same for both tests, as illustrated below, except the Flex Duct is connected to one side or
the other of the fan. Depressurization tests work better since the seal over the register is improved by the negative
pressure in the ducts — the negative pressure sucks the seal tight to the register, whereas under duct Pressurization, the
positive pressure in the ducts tends to push the seals off the registers.

The test diagrams display testing at 25 Pa. For results at 50 Pa, substitute “50” wherever “25” appears.

J vented attic daitio air handling
outdoor leaks system
return
Blue denotes depressurization = @
duct to —
seal all registers Cue
with Grill Mask indoor leaks  —
CoPa) — ;
— - | =
=
)
<
—~RE -

-25 Pa
100 cim

DucTester gauge

Figure 34: Total Duct Leakage under depressurization - DucTester and tubing setup.
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/ vented attic

duct to air handling
outdoor leaks system

< return

Pink denotes pressurization A

Gzsed /

I ((

i 1 1)

i R,
1 all regist duct to
SON! &) rogisiars indoor leaks —_
with Grill Mask —
0Pa —_—
-
Note: Using a supply register, far -
from the return, will yield the : ‘
leakiest results. Plenum is best - .
e
— | ===
0Pa h ,

; —

25pa
100 ctm

DucTester gauge

Figure 35: Total Duct Leakage under pressurization - DucTester and tubing setup.

8.2 Duct Leakage to Outdoors with 2 gauges and 2 fans

A Duct Leakage to Outdoors Test neutralizes the duct leakage to the house (or conditioned spaces) by pressurizing the
house to the same pressure as the ducts. The measured duct leakage thus only reflects the leaks to outdoors.

If a green, self-referencing, pressure port is available on the Blower Door fan, use the green pressure tube to connect it
to the Blower Door gauge, and ensure the Device chosen on the gauge is “Retrotec 3000SR”.

8.2.1. Method #1: Set both duct and house to -25 Pa (or 25 Pa)
Method 1 allows the [@Pressure] extrapolation function to be used, increasing accuracy and allowing the test to be
carried out with a single setting for the DucTester and Blower Door gauge. No changes need to be made on the
DucTester gauge from the Total Duct Leakage Test, which is convenient if you have to carry out both tests.

J vented attic s air handling
outdoor leaks system
— return
| [ La" )
! (V| [ié} '\;7
seal all registers duct to house

with Grill Mask leaks neutralized

Figure 36: Method #1 Duct Leakage to Outdoors, under depressurization

1. Complete the previous Total Duct Leakage test.
2. Ensure all doors and windows are still closed and exhaust fans are still off.
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3. Connect the Blower Door as displayed in Figure 36 or Figure 38.
4. Connect the red ports together with one red tube, and run the end outdoors. This makes the duct and
house pressure measurements use the same reference (outdoors).
5. Setthe DucTester to 25 Pa (or -25 Pa) by pressing [Set Pressure] [25] [Enter] on the DucTester gauge.
6. Repeat step 5 for the Blower Door.
7. If the Blower Door pressure reading fluctuates /\
more than 2 Pa, press [Time Avg] and increase
the time averaging to reduce it. If still above 2 Pa,
use the Baseline feature as outlined in the DM-2
QuickGuide or DM-2 Operations Manual.
8. Press [@ Pressure] on the DucTester gauge to
display the duct leakage result "@25Pa".
9. Record “Flow” on the DucTester gauge which
represents Duct Leakage to Outdoors
Figure 37: Connecting the red tubes of 2 gauges
If your standard requires 50 Pa, substitute 50 for 25 in all instructions. together with a T-connector

/ vented attic duct 1o air handling
outdoor leaks system
e~
1 ! (I}
seal all registers duct xo\;\ouse
with Grill Mask

leaks neutralized

Door fan gauge DucTester gauge

Figure 38: Method #1 Duct Leakage to Outdoors, under pressurization

8.2.2. Method #2: Set duct to house pressure to 0 Pa (using DucTester gauge)

Method 2 does not require connecting a red tube from the DucTester gauge to outdoors, but will result in huge errors if
[@ Pressure] is turned on.

1.

2
3.
4

Complete the previous Total Duct Leakage test.
Ensure all doors and windows are still closed and exhaust fans are still off.

Connect the Blower Door per diagram.
With DucTester fan off, set the Blower Door to 25 Pa by pressing [Set Pressure] [25] [Enter] on the Blower
Door gauge.
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/ vented attic duct to air handling

outdoor leaks system

— g
l
| 4 el I L

seal all registers duct to house
with Grill Mask leaks neutralized

To supply register or plenum

Method #2

DucTester gauge

Figure 39: Method #2: Duct Leakage to Outdoors, under depressurization

5. Press [@ Pressure] to remove “@” from the display on the DucTester gauge.

6. Setthe DucTester to 0 Pa by pressing [Set Pressure] [0] [Enter] on DucTester gauge.

When 0 Pa +/—1 is achieved on the DucTester gauge, record “Flow” from the DucTester gauge, which is Duct
Leakage to Outdoors.

If your standard requires 50 Pa, substitute 50 for 25 in all instructions.

/ vented attic duct to air handling
outdoor leaks system

<—

|

— ; %
seal all registers duct to house
with Grill Mask leaks neutralized
Method #2 To supply register or plenum

Door fan gauge DucTester gauge

Method #2 Duct Leakage to Outdoors, under pressurization

Figure 40:
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8.3 Duct Leakage to Outdoors with 1 gauge and 2 fans

Duct Leakage to Outdoors may be measured using only one gauge to alternatively measure the house to outdoor
pressure then the duct to outdoor pressure, until the house and ducts are at the same pressure with respect to the
outdoors. The method requires connecting and disconnecting the blue tube, alternately measuring the house and duct
pressure and adjusting the fans separately until the house and ducts are at the same pressure.

When the house and ducts are at the same pressure, “Flow” on the DucTester gauge displays the result for Duct Leakage
to Outdoors.

For depressurization, set the Blower Door to pull air out of the building and the DucTester to pull air out of the duct
system.

J vented attic ikt o handing
/ outdoor leaks system
return
‘ 1 255,a y )
-—J L L | | | ¢ |
seal all registers
with Grill Mask
— —_—
0Pa .z;, _pE. )
- -
- -
~——

DucTester gauge

Figure 41: 1 Gauge Duct Leakage to Outdoors under depressurization, setting the building pressure

1. Ensure that the Device is DU200 and the correct DucTester Range is selected on the gauge.

Close all doors and windows and shut off any exhaust fans in the building.

3. Connect the blue tube from the duct register to the gauge, run the red tube from the gauge to the outdoors,
and run the yellow and green tubes to
the DucTester.

4. Manually adjust the DucTester speed
(with the Speed Control Knob on the
DucTester) to reach -25 Pa in the ducts. o Manual control
Wait 60 seconds. :

5. With the DucTester still running,
disconnect the blue tube from the gauge
so the blue port on the gauge is open to
the house.

6. Manually adjust the Blower Door speed (with the Speed
Control Knob on the Blower Door fan) to change the
building pressure until -25 Pa appears on “PrA” of the gauge.

7. With the Blower Door still running, connect the blue tube to the gauge and re-adjust the DucTester speed to
again set the duct pressure to -25 Pa.

N

DucTester gauge

Figure 42: 1 Gauge Duct Leakage to Outdoors under
depressurization, setting the duct pressure
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8. Record duct leakage, “Flow” on the gauge, when you’re confident the building and duct pressures have both
been stabilized at -25Pa.

If your standard requires 50 Pa, substitute 50 for 25.

4

Figure 43: Disconnecting and re-connecting the blue
pressure tube is easier using a male-to-male connector

For pressurization, set the Blower Door to blow into the building and the DucTester to blow into the duct system.

/ Vented attic Duct to Air handiing
outdoor leaks | system
Return
| ‘ =
seal all registers
with Grill Mask .
0Pa
Step3 &6
—
- | == |
: ~. = v - ’
25 pa eonn:a.&mn tube
e
DucTester gauge

Figure 44: 1 Gauge Duct Leakage to Outdoors under pressurization, setting the building pressure

1. Ensure that the Device is DU200 and the correct DucTester Range is selected on the gauge.

2. Close all doors and windows and shut off
any exhaust fans in the building.

3. Keep the blue port on the gauge open to
the house, run the red tube from the gauge
to the outdoors, and run the yellow and
green tubes to the DucTester. Manually 100 cim
adjust the Blower Door speed (with the BucTester galoe
Speed Control Knob on the Blower Door =
fan) to change the building pressure until
25 Pa appears on “PrA” of the gauge. Figure 45: 1 Gauge Duct Leakage to Outdoors under

4. Connect the blue tube from the duct register to the pressurization, setting the duct pressure
gauge.

5. Manually adjust the DucTester speed (with the Speed Control Knob on the DucTester) to reach 25 Pa in the
ducts. Wait 60 seconds.

Step4 &7
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6. With the DucTester still running, disconnect the blue tube from the gauge and re-adjust the Blower Door
speed to again set the building pressure to 25 Pa.
7. Connect the blue tube to the gauge and re-adjust the DucTester fan speed to achieve 25 Pa.

8. Record duct leakage, “Flow” on the gauge, when you’re confident the building and duct pressures have both
been stabilized at 25Pa.

If your standard requires 50 Pa, substitute 50 for 25.

8.4 Combined Total Duct Leakage and Duct Leakage to Outdoors Method

This combined method measures both Total Duct Leakage and Duct Leakage to the Outdoors with 2 fans and 2 gauges
by setting the duct to house pressure to 0 Pa using the Blower Door gauge. This method is good for repeat testing
because both measurements can be made with no changes to the gauge or the tubing between tests. Another
advantage is that the [@ Pressure] function can still be used. Because you pressurize the house first, there will not be
the usual problem with blowing seals off registers when the ducts are pressurized.

1. Close all exterior doors and windows and shut off exhaust fans.
2. Connect the Blower Door and DucTester as shown in Figure 46.
3. To measure Total Duct Leakage
a. Press[Set Pressure] [25] [Enter] on the DucTester gauge.
b. Press [@ Pressure] to display the duct leakage result "@25Pa" on the DucTester gauge.
4. To measure Duct Leakage to Outdoors,
a. Turn off “@25Pa” on the Blower Door gauge by pressing [@ Pressure].
b. Set the Blower Door gauge to 0 Pa by pressing [Set Pressure] [0] [Enter] on the Blower Door gauge.
c. When 0 Pa +/—1is achieved on the Blower Door gauge, record the result from “Flow” on the
DucTester gauge which is Duct Leakage to Outdoors.

If your standard requires 50 Pa, substitute 50 for 25.

/ vented attic

duct to air handling
outdoor leaks system
<~ return
7
' 19 )
AU
seal all registers dictibhouse

with Grill Mask leaks neutralized

Method #3

I | == |

To DucTestor ——

,,,,,

Figure 46: Combined Total Duct Leakage and Duct Leakage to Outdoors Method, under pressurization

8.5 If no Results are displayed (TOO LOW or ---)
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PrA 250Pa
G Flow TOO LOW! ¢m

If the target pressure has been reached, but “TOO LOW” or “---“ appears as a flow reading, the fan is running too slowly
to measure flow. Perform the following to get a duct leakage result:

Add the next smaller Range Ring.
Change [Range Config] on the gauge to match the Range Ring installed on the fan.

Re-adjust DucTester fan speed.

If the Range Ring installed is “Low”, (the one with the smallest hole), there are no more Range Rings to install, and “TOO
LOW” or “---“appears:

1. Make sure “Range Config” on the gauge is “Low” to match the installed Range Ring.

2. Check that the blue tube is connected to the gauge and then check that it is reading pressure — put a finger
on the open end of the blue tube and ensure that the “PrA” reading changes. If it does not, then the tube is
blocked or pinched.

3. Check that there is no blockage in the ducts between the DucTester and the register containing the blue
tube. To do this, move the blue tube to a different register and compare the reading on “PrA” to the original
reading. If the pressures in the two locations are not similar, there may be blockage in the duct system that
needs to be removed.

4. Check that the DucTester is actually reading flow. To do this, open up a taped register to provide enough
leakage to get a reading, and then increase the pressure to 25 Pa or 50 Pa on “PrA”. If the flow still reads
“TOO LOW” then the yellow or green tubes could be blocked or disconnected.

If you are sure that the blue tube is reading pressure, there is no blockage in the ducts or tubes, and that the DucTester
is actually reading flow, and "TOO LOW" or “---“ still appears, the ducts must be extremely tight; less than 7 CFM. To
get a rough result, cover half the inlet ring with tape which will quadruple the fan pressure signal. Read the CFM, but
divide the answer by two (since half the hole is open). If still reading “TOO LOW”, cover three quarters of the inlet with
tape, read the CFM and divide the answer by four (since only one quarter of the hole is open).

Instead of doing the calculations, an alternative is to set the gauge “Mode” to “PrB”, (Pressure on Channel B), using the
[Mode] key and look up the associated flow in Table 11 (for 25 Pa induced duct pressure) or Table 12 (for 50 Pa induced
duct pressure).

8.6 Cannot achieve test pressure

PrA 220Pa
i Flow 620.0 |:(,@fnzls Pa

If the DucTester fan reaches 100% speed on the “Mid” or “Low” Range Ring before reaching the target pressure, the fan
is not providing enough air flow to reach the target pressure. Perform the following to reach the target pressure:

Remove a Range Ring.

Change [Range Config] on the gauge to match the fan.

Re-adjust DucTester fan speed.

Press [@ Pressure] to get the gauge to display what the flow would be at 25 Pa.

If the no Range Ring installed (i.e., “Open” with no more Range Rings to remove), and the desired test pressure cannot
be reached at maximum speed:
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1. [If the duct pressure is close to the required test pressure (within 5 Pa), use the [@ Pressure] key to extrapolate
to what the flow would be at the desired pressure.

2. Trythe Duct Leakage to Outdoors test, which will neutralize duct leakage to the house.

3. Look for large disconnects in the duct system by pressurizing the house with the Blower Door and putting smoke
in front of the registers. Registers with high velocity smoke movement are a good indication of a potential
disconnect behind that register. Fixing the disconnect in the ducts may reduce the leakage enough to continue

testing the duct system.
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9. Restore the house to pre-test conditions after testing is complete

Notice the conditions in the building upon arrival and be sure to restore it to that condition before leaving.

Before leaving the house

1. Remove all Grill Mask from registers.

2. Replace allfilters from the return(s) and air handler.

3. Turn the furnace, air conditioning, HVAC system back on.

4. Ensure any combustible appliances that were turned off are turned back on, and that they are properly
vented again.

Unseal any closed ventilation, or reconnect the ducts if it was disconnected.

6. Close any exterior doors or windows that were opened to unconditioned spaces.

g
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10. Create a Duct Leakage Test Report with Potential Energy Savings

The Retrotec Duct Leakage Test Reporting software was developed so users have a way to automatically create
professional reports that display duct leakage results as well as potential energy savings. Reports serve as simple
documentation of the results of your test and can be used to compare the results of a tested duct system with regulated
code or voluntary energy efficiency program requirements (see section 3.4). These reports can be printed directly or
saved and stored as a PDF file.

The latest version of the software can be downloaded from Retrotec’s website:
www.retrotec.com/Downloads/DuctLeakageTestReport.xls

Microsoft Excel 2007 or 2010 must be installed on the computer to run the software.

T T T i —m—

[0t ec] Duct Leakage Test Reporting software re20130808

Instructions:
1 Macres must be enabied.

lm“‘(h" By the Security warmng, on the tool bar stove)
e e @ Test Date: 2012-05-28

2.5 Outthe green ceih anly, The "Cost of Duct Laskage™ section s optional. Duct Leakage

3.To save the Duct Laskage Tes! - POF e, ik D moueover “Save As" D TPOF or XPS" D “Pubinh”
- Test Report

[ T
Inputs: Client Tester
et ol ot paa ? luiding Descoption John Smith's House Campany Duct Testing Company
s 5
[ ';',:m‘ i Building A - 12345 Broadway Street Address 12345 Main Street
Dt Lakage to Cutdoars Everson, WA 98427 Everson, WA 98427
' Deborah Smith T i1 Colin Genge
o (360) 1234567 Pt {360) 738-9835
Test Type Total Duct Leakage uge SN 203460
juipment Retrotec DU200 F N FN1002509

Building and Duct Details

ned Floor Area 300.0 sq ft
sndler Flow 1250 CFM
Percentage of Duct kage 1 itdoors 75% (estimated)
Supply Return
25.0 Pa 25.0Pa
eakage S 50% 50%
kage Penalty 100% 50%
Test data :
wean Leakage Data
e 0.3Pa

Depressunzation

-25.5 Pa
an Te 597.0 Pa
Range figuration Mid
188 CFM
34.7sqin

- crv

Cloae Tost Dt
akage constant 26.99
i—?‘-ﬁmm skage Ex 0.60 (assumed)

s*\ . Leakage Results

vt lavtag Total Duct Leakage 188 CFM at 25 Pa

10 | 1 ge & { Air Handler Flow 15.1%

Use Detauk Valvos sct Leakage 1 tdoors (estimated) 141 CFM at 25 Pa

.. 24 Leakage ftioned Floor Area 0.628 CFMIsq ft at 25 Pa

'Jm - . 62.8 CFM/100 sq ft at 26 Pa
628 CFM/1,000 sq ft at 25 Pa

Loskage St Lnter the asimated fraction of the Totsl Duct |
supsny |

st et Duct System Losses
e, 10, The "l V2 yste Hicency L 8.5%
\ | = §93
howne. For enample, 1 5upply ks are going nto & wal iy Annual Heati L . $127
bettar eutimate of srvus MVAC Bares.
e
o conty

10.1  Get the Excel spreadsheet based software to run on your system

10.1.1. Enable Macros
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http://www.retrotec.com/Downloads/DuctLeakageTestReport.xls

For the software to run properly, macros must be enabled. To enable macros:

Click the "Options..." button (by the Security Warning, on the toolbar shown below)

(D) d 5 %
Home Insert Page Layout Formulas Data Review View
= $% Cut = 7S e
& & Arial *|10 v ||A AT | = o] |
o <3 Copy . —
aste S | e T | [ | | BE = == 3= -
= J Format Painter Byl =2 R Rl - EEEFEEH
Clipboard i Font i Alignment
@ Security Warning Some active content has been disabled. Options...

Select “Enable this content”
Click “OK”

Occasionally, you may get this popup prompt when you open Excel:

Microsoft Office Excel Security Motice m

@ Microsoft Office has identified a potential security concern.

Warning: Tt is not possible to determine that this content came
from a trustworthy source. You should leave this content disabled
unless the content provides critical functionality and you trust its
SOUrCE.

File Path: \thidc2\docs\dewis\My Documents\HLDS \SetupOffice 2007, xls

Macros have been disabled. Macros might contain viruses or other security
hazards. Do not enable this content unless you trust the source of this file.

Maore information

l Enable Macros ]

In this case, click “Enable Macros” and you will not have to perform the procedure above.

10.1.2. Showing/Hiding the Ribbon
When Macros are enabled, the software automatically hides the MS Excel “Ribbon” since it is not used.
=% Calibri Sl A AT | = =||®-| | Siwrap Text General - *j ﬂi’l E Elile (e %? C?a
J 53 — : = £ ﬁ _‘ﬂ o Delete ~ E'
—i= =/ = . . 0 .0 .00 iti e i
Pajte =4 = =[5 5| B Merge & Center [® B2 |[% 5o Fcoorr:ndalaionngal' asF?';rgla:' Stglee!' L.;jFormat' T Ei?tr:,% gleTedct&v
Clipboard = Font (F Alignment (F Mumber IF] Styles Cells Editing

Figure 47: The MS Excel “Ribbon”

After closing the software however, the Ribbon remains hidden when a new Excel spreadsheet is opened. If it’s desired
to have the Ribbon shown again, press Ctrl + F1 at any time. Pressing Ctrl + F1 again will hide the Ribbon.

10.1.3. Enter test information and results into green cells

Only enter test data or details into the green cells.

To reset all inputs, click the “Reset all Inputs” button at any time:

Page 48 of 91
©ORetrotec Inc. 2012



Reset all Inputs

10.2  Choose metric or imperial units for results

Use the dropdown menu to select the desired units for data entry and results.

10.2.1. Imperial units

“Flow” and “Duct Leakage”: cubic feet per minute, or CFM
“Conditioned Flow Area”: square feet, or sq ft

“Leakage Area”: square inches, or sq in

10.2.2. Metric units

“Flow” and “Duct Leakage”: cubic metres per hour, or m*/h
“Conditioned Flow Area”: square meters, or m*

“Leakage Area”: square centimeters, or cm’

10.3  Choose Duct Test type

Click to select the type of test you are performing: a Total Duct Leakage test or a Duct Leakage to Outdoors test.

Test type
i Total Duct Leakage
{3 Duct Leakage to Outdoors

The differences between a Total Duct Leakage test and a Duct Leakage to Outdoors test are described in section 3.1. For
the setup of these tests, refer to the illustrations and descriptions in section 8.

10.4 Enter the Target test pressure

Use the dropdown menu to select the pressure at which the duct system was tested, and the pressure at which the
results will be displayed.

Target test ’:r-':ssure,z.S Pa I"
- .. |90Pa

Codes or programs usually require this pressure to be 25 Pa, however it may be 50 Pa. See section 3.4 for these
requirements.
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Leakage Results

Total Duct Leakage 188 CFM at 25 Pa

Duct Leakage as % of Air Handler Flow 15.1%
Duct Leakage to Outdoors (estimated) 113 CFM at 25 Pa
Leakage/Conditioned Floor Area 0.628 CFM/sq ft at 25 Pa

62.8 CFM/100 sq ft at 25 Pa
628 CFM/1,000 sq ft at 25 Pa

10.5 Enter date the test was carried out

Enter the test date in the format of YYYY-MM-DD, where YYYY is the year displayed in four digits, MM is the month
displayed in two digits, and DD is the day displayed in two digits.

|

Test Date 2012-05-29

10.6  Enter specific parameters for the conditions of this test

10.6.1. Conditioned Floor Area

The Conditioned Floor Area is the area that is normally air-conditioned or heated (i.e., inside the building envelope).
Even though supply ducts may not discharge directly into all these spaces, they are considered “conditioned” if their
temperature follows indoor temperature closer than outdoor temperature. Likewise, if the area is not air-conditioned
or heated, it is not considered to be part of the Conditioned Floor Area.

The area entered is used to calculate the result for “Flow/Area” that will be displayed on the report. The Duct Leakage
Test Report calls this result the “Leakage/Conditioned Floor Area”.

10.6.2. Air Handler Flow

This is the total air flow through the duct system provided by the system air handler.

| Air Handler Flow 1250 CFM |

This input is optional, and is only needed if you want the report to display the “Duct Leakage as a % of Air Handler Flow”.

|:3'LII? Leakage as % of Air Handler Flow 8.6%

If this value cannot be found under the Air Handler’s design specifications, it can be measured using methods described
in section 12. It can also be calculated using the forms in Appendix F.

10.6.3. Leakage Exponent, n
The Leakage Exponent is the "n" value, as read from the top bar of the DM-2 gauge.
0.60

It is used to extrapolate results, if you cannot reach your Target test pressure (see section 8.6). This value is relative to
how leaky the ducts are.

If you are unsure of which value to use, enter 0.60 (the default value), which is typical for most duct systems.

10.6.4. Baseline pressure
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The Baseline pressure is the pressure between the enclosure and the outdoors due to stack, wind, and flues (with the
DucTester fan turned off). Baseline pressure is also called “static pressure”, “bias pressure,” or “zero Fan Pressure
difference”. These terms are used interchangeably with each other in documents/standards used in the industry.

It is optional to enter a Baseline pressure, since its values are usually very insignificant for duct leakage test results. This
is because not a huge portion of the ducts (as opposed to buildings) are directly connected to the outdoors.

A method for determining Baseline pressure is by having a digital gauge accumulate readings over an adjustable time
period. The [Baseline] key on the gauge allows for this measurement to be taken. For more information, refer to
Retrotec’s Manual-DM-2 Operation.

Baseline .
1.24 Pa
FrA

10.6.5. Enter whether pressurizing or depressurizing (Test direction)

Click to select whether the DucTester fan is setup to depressurize or pressurize the duct system (see section 6.4).
Test direction

@ Depressurization

) Pressurization

10.7  Enter readings from this test

10.7.1. Duct Pressure

Enter the Duct Pressure during the test, which is the "PrA" reading on the DucTester gauge. The Duct Pressure in the
software are always assumed to be the pressure of the ducts relative to the pressure of the outdoors.

o u

The Duct Pressure should be a positive number for pressurization, and negative number, with a “-“ sign, for
depressurization. This is important if you have entered a Baseline pressure since the calculated Duct Test Pressure will
then be different depending on the sign.

There are two important points to remember for recording Duct Pressures:

If the [Baseline] function on the gauge was used, you must ensure the Baseline was cleared before starting the fan. The
Baseline value in the gauge is cleared by pressing [Exit] on the gauge before starting the fan. If this is done properly, the
“Baseline” reading on the screen is blank.

je=="x

Clearing the Baseline value on the gauge ensures that the “PrA” pressure on the gauge does not subtract the Baseline
pressure, since the software will subtract this once it is entered. In order to avoid subtracting Baseline pressure twice —
once on the gauge, and again in software, ensure the gauge is not using a Baseline value.

If you are using the Method 2 or Combined Method to do the Duct Testing, described in section 8.2.2 and 8.4
respectively, where you are setting the pressure between the duct system and the house to 0 Pa, enter 25 or -25 Pa
(Duct Pressure relative to outdoors), NOT 0O Pa.

10.7.2. Enter “Flow” directly or enter Range Configuration and Fan Pressure

The dropdown menu is used to select whether you want to enter data as:
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“Flow” from the gauge, or
“Range Config” and Fan Pressure (“PrB”) from the gauge

It does not matter which of the two methods you choose, since either one will calculate the same results. If you decide
to enter “Flow” directly, only one value needs to be recorded from the gauge, rather than two values if Range
Configuration (“Open,” “Mid,” or “Low”) and “PrB” method is selected.

The following screenshots shown below in each section are: the dropdown selection, the inputs that will appear as a
result of that selection, and the Leakage Data that appears on the generated report as a result of that selection. The
inputs highlighted in red are what would be copied from the gauge.

“(Enter Flow directly)”:

Depressurization
Duct Pressurel -25.0Pa | Depressurization

Range Configuration, or Enter "Flow" clirectl'_-.-|[E|TtlerFluwdirEttl‘.rZ" X _25.0 P35
Flow (from gauge) r':q':l'é“ = - 5 Pressurization
Open [Tfct Test Pressur 25.0 Pa
(Enter Flow directly) st ict Leakage 103 CFM

“Open,” “Mid,” or “Low”:

Depressurization Depressurization
Duct Fressure [r—— Pressurization
Range Configuration, or Enter "Flow" directly [ mia I+ I h.,“d ] t Test Pressure 25.0 Pa
Fan Pressure|kow | I il 197.0 Pa
Flow (calculated)| open - Range Configuratior Mid

(Enter Flow directly) 103 CFM t Leakage 103 CFM

To clear the test data shown in this section, click the “Clear Test Data” button.

Clear Test Data

10.7.3. Convert “Flow/Area” data so it can be entered into spreadsheet

Before obtaining the Duct Leakage Test Reporting software, you may have previously only recorded the “Flow/Area”
data directly from your gauge, but no “Flow” data. Now you might like to print a report based on this Flow/Area. You
will soon realize that you cannot enter Flow/Area data directly into the software to obtain results. Instead, you must
enter “Flow” to calculate results; therefore, you must calculate a “Flow” to enter.

Example:

You live in North Carolina, and your state code requires that you report your results in the units of CFM/100 sq ft.
During a prior test of your client’s duct system, you measured and recorded a Flow/Area of 26.3 CFM/100 sq ft at 25.0
Pa on your gauge. The conditioned flow area of the house is 1500 sq ft. What do you enter into the software as your
“Flow”?

w
* conditioned floor area

rea
Flow = —0> M 00 sq ft
= *
W= T100sq e -

Flow = 395 CFM

You would enter a “Flow” of 395 CFM, at a “Duct Pressure” of 25 Pa, with a “Conditioned Floor Area” of 1500 sq ft into
the software.

Flow =
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10.8  Spreadsheet will calculate Cost of Duct Leakage

Values for parameters can be entered into the “Cost of Duct Leakage” section so that estimates of the Annual Cooling
Loss and Annual Heating Loss (i.e., potential energy losses due to duct leakage) can be reported. These inputs are
optional. If nothing is entered into this section, the “Cost of Duct Leakage” section of the report will not appear in the
output.

Cost of Duct Leakage

HVAC System Efficiency Loss 12.3%
Annual Cooling Loss $136
Annual Heating Loss $185

For further detail on Duct system loss parameter calculations, refer to section 13.

If you are unsure of what the values are, simply assume the default values by clicking the "Use Default Values" button:

Use Default Values

Note: The "Annual Cooling Loss" and "Annual Heating Loss" in the Duct Leakage Report are for estimation purposes only.

10.8.1. % of Duct Leakage to Outdoors

Enter the estimated percentage of the Total Duct leakage that leads to outdoors in order to estimate Cost of Duct
Leakage. (Input is only required when performing a Total Duct Leakage test)

10.8.2. Annual Cooling Cost

Enter the cooling cost per year from the utility bill. This entry is used to estimate the cost of Duct Leakage to Outdoors
included in the cooling bill.

10.8.3. Annual Heating Cost

Enter heating cost per year from the utility bill. This entry is used to estimate the cost of Duct Leakage to Outdoors
included in the heating bill.

10.8.4. Average Duct Operating Pressure

Measure the pressure in the supply duct closest to the plenum and enter that pressure to get an accurate calculation of
duct losses. Do the same for the return. Using the test pressure (default value) here will not be accurate.

10.8.5. Leakage Split

Enter the estimated fraction of the Total Duct Leakage that is on the supply side and the return side. The default values
are 0.5, meaning the leakage of the HVAC system is split evenly between the supply and return. Adding the Leakage
Split for the supply side and the return side together should always come out to 1.0.

10.8.6. Supply Leakage Penalty

This is the estimated fraction of energy loss of the supply side. The default value is 1.0. This means that of the supply air
leakage, all of its energy is lost to the outdoors (i.e., none of its energy is returned back into the house). This number
can be lowered if some of the energy from duct leakage leads back into the house. For example, if supply leaks are

Page 53 of 91
©ORetrotec Inc. 2012



going into a wall cavity, some of the energy will be go back into the house, so a lower leakage penalty would provide a
better estimate of annual HVAC losses.

10.8.7. Return Leakage Penalty

This is the estimated fraction of energy loss of the return side. The default value is 0.5, which assumes that of the return
air leakage, about half of its energy is lost to outdoors (i.e., the other half of its energy stays inside the house). This
number can be raised if you suspect that there is actually more energy loss to the outdoors from the return side. For
example, if the return goes through a very cold crawl space, the return leakage would pull in cold air and have a greater
effect on the annual HVAC losses.

10.9  Save the Duct Leakage Test Report as a PDF file

To save the Duct Leakage Test Report as a PDF file:

Click the MS Office icon at the top left corner of the window:

aad
4

Mouseover “Save As” on the menu

Click “PDF or XPS”

Select the directory to save the PDF file to
Enter a proper file name for the PDF file to as

Click “Publish”
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11. Find air leaks in the ducts

Locating leaks in the ducts can be a tricky process, and there are a number of methods that are used.

11.1  Using a smoke puffer

Smoke puffers work similarly to theatrical smoke for finding leaks, but on a much smaller scale. The chemical smoke of
Retrotec’s Air Current Tester is the same density as air, and therefore does not move unless there is air movement. Puff
out a small amount of smoke near suspected leaks, (for example, near joints, or in front of registers), while the
DucTester is connected to the ducts and running, and notice the smoke either being blown away or being sucked in,
depending on the direction of the test.

11.2  Using theatrical smoke

The use of theatrical smoke can be a very effective way to find leaks in a duct system. A theatrical smoke machine is
used to inject non-toxic chemical smoke through the DucTester fan, and into the duct system. Walking around to check
the duct systems will point out obvious leak locations where smoke appears. This can help find hard-to-detect leaks in
attics and crawlspaces. Using this type of detection is called theatrical for a reason — it is quite a sight to see for
homeowners and builders.

Caution: Make sure not to inject the smoke directly into the fan motor, but instead into the edge of the fan housing.
Also, make sure to clean any residue away from the flow sensors, motor and fan housing when the show is over. The
particles can block the sensors needed for measurements.

11.3  Using an infrared camera

An infrared camera can graphically display areas where cold air is infiltrating into a house or building, or show from the
outside, where hot air is exfiltrating. The camera can also show zones that are poorly insulated, and would otherwise be
invisible without opening up wall sections.

11.4  Using a wet hand

Sometimes, a damp hand is more than enough to feel the movement of air around a leak. Wet skin will feel cool or cold
in the path of moving air.

11.5 Using a Pressure Pan

If a Blower Door system is available, checking all the registers with a Pressure Pan, prior to doing a duct leakage test, can
be useful for finding the leakiest part of the system, and for determining the most conservative location for the
DucTester system pressure pickup. A pressure pan test can also locate large disconnects in the duct system, which may
prevent the acquisition of a useful result in a full duct leakage test. Set the Building Pressure to 25 Pa, and cover the
register with the Pressure Pan connected to the blue port of the DM-2; readings over 1 Pa indicate some leakage,
readings over 5 Pa is severe leakage at that register and 25 Pa indicates a complete disconnect.

Figure 48: Pressure Pans, large and small shown
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Table 6: Retrotec Pressure Pans

Pressure Pan Dimensions (in) Part number
Large 24.5x24.5x8.75 PP101
Small 13x15x4.5 PP102

For more information about conducting a Pressure Pan test, see the Residential Pressure & Air Leakage Testing Manual
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12. Measure the Air Handler system flow

12.1 For Code compliance

For Code compliance testing, the air handler flow rate is seldom measured because it takes too much time. Typically air
handler flow is calculated by using 400 CFM per Ton or 21.7 CFM per 1000 BTU. Other Codes require results expressed
as CFM of duct leakage per square foot of conditioned floor area.

Small (around 2 Ton) systems with a single return can have their air flow measured at the return. Measuring from the
air handler cabinet is preferred, especially for systems greater than 2 Tons.

12.2  Why measure the Air Handler system flow?

Air handler system flow rates are required to evaluate system performance. Reduced flow rate is one of the prime
reasons that HVAC systems underperform. For air conditioners, insufficient flow leads to excessively cold coils that will
ice up and reduce performance in that way. For heating systems, insufficient airflow will cause too great a temperature
rise that will cause an over-temperature condition that will cause the furnace to short cycle, reducing its efficiency.

In both cases, insufficient air flow will affect comfort and decrease the system’s ability to maintain the desired room
temperature. This may cause homeowners to mistakenly assume that their system is too small and replace their unit
with a larger one that will make matters even worse.

Variable speed systems are less prone to short cycling due to insufficient airflow unless the load becomes great enough
to cause the unit to operate near its upper limit of capacity at which point it will short cycle.

12.3 Measure with a DucTester as a powered flow hood on the return

The Retrotec DucTester and Flow Hood can be used to measure air flows
through supply registers, exhaust fans and other airflow devices, without
affecting their flow rate, by neutralizing the pressure that would create a
resistance to flow. By using the DucTester to create a Powered Flow Hood, a
vent area can be "set to zero", eliminating any pressure difference. This is
unlike using a traditional flow hood, where the flow hood itself creates a
resistance to flow, altering what is being measured.

Ensure the “n” value on the gauge is set to 0.5. A unique feature of the
Retrotec gauge is that it will allow accurate calculations of air handler flow
rates even if the DucTester is not capable of achieving exactly the same flow
as the air handler is putting out.

On the DM-2 gauge, press the [Setup] key and scroll to “N=" and set it to 0.5.

The Flow Hood looks similar to the Retrotec Pressure Pan, except it has a ten
inch diameter hole in the center and an array of pressure pickup tubes inside.
The hole makes the Flow Hood ready to attach the Flex Duct. Pass the Flange
through the 10 inch hole in the Flow Hood and attach the Flex Duct.

For measuring supply flows, attach the Flex Duct to the inlet (suction) side of
the fan over top of the Range Rings. For measuring return flows; attach the

Flex Duct to the outlet (discharge) side of the fan.

Figure 49: Measuring air flow with a Powered
Attach the blue Tube to the connector on the Flow Hood. Connect the other Flow Hood

end to the “Input A” port (blue) on the gauge. The “Ref A” (red) port on the gauge should be left open.
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Connect the green and yellow tubing to the “Input B” (green) and “Ref B” (yellow) ports on the gauge respectively.
Connect the other ends to the same color ports on the DucTester.

Adjust the [Set Speed] until “PrA” reads a pressure of 0 Pa. Record the flow in CFM. To have the DucTester
automatically acquire and maintain a 0 pressure, press [Set Pressure] [0] and the gauge will cause the DucTester to
increase in speed to eliminate whatever pressure it sees at the time that the keys are pressed.

Ensure the pressure that is to be set to 0 actually exists before the keys are pressed because it uses the direction of the
pressure to set the direction of control. This means that the will fan speed up to eliminate the pressure it first sees
regardless of sign. Make sure the “@ Pressure” feature is turned off, otherwise erroneous results will occur due to the
result being divided by whatever tiny pressure occurs above or below zero.

124 Measure with a DucTester on the air handler cabinet

Ensure the “n” value on the gauge is set to 0.5. A unique feature on the Retrotec gauge will allow the gauge to
accurately calculate the air handler flow rate even if the DucTester is not capable of achieving exactly the same flow rate
as the air handler is putting out.

On the DM-2 gauge, press the [Setup] key and scroll to “N=" and set it to 0.5.

Measure the supply plenum pressure using the Static Pressure Probe supplied with each DucTester. Put the end of the
blue tube with the probe into the supply plenum, connect the other end of the blue tube to the “Input A” (blue) port
and read the pressure from “PrA” on the gauge.

Attach the DucTester to the cabinet using cardboard and tape so it is blowing into the air handler on the Open range.
Set Pressure to the previously measured value. Press [Set Pressure] and enter the previously measured supply plenum
pressure. Press the [@ Pressure] key until the supply plenum pressure appears as “CFM@”. Read the “CFM@” result
on the gauge.

For example, if the pressure in the supply plenum is 70 Pa, Press [Set Pressure], [70], [Enter] to get the DucTester to
recreate the original pressure in the plenum. Press the [@ Pressure] key until “CFM @ 70 Pa” appears on the display.
The CFM result displayed will be corrected for what the airflow will be during normal operation (the supply pressure in
the plenum measured at the start of the test).

If “TOO LOW” or “----“appears the pressure in the plenum is too high to get an accurate reading. Repeat the procedure
but move the Static Pressure Probe to measure the pressure farther away from the air handler.

12.5 Measure with a gauge and a flow grid
A unigque Retrotec feature allows the gauge to be used with flow grids from other manufacturers.
Press the [Setup] key and scroll to “N=" and set it to 0.5.

Set the gauge to the flow grid using the [Setup] key. Use the “Mode Setup” menu as necessary to enable the flow grid
as a choice of Device on the gauge.

Measure the supply plenum pressure using the Static Pressure Probe supplied with each DucTester. Put the end of the
blue tube with the probe into the supply plenum, connect the other end of the blue tube to the “Input A” (blue) port
and read the pressure from “PrA” on the gauge.

Install the flow grid into the filter slot per manufacturer instructions, which includes connecting the green and yellow
tubes to the gauge. Press [Set Pressure] and enter the just measured supply plenum pressure, even though the gauge
is not controlling anything. Press the [@ Pressure] key until the supply plenum pressure appears as “CFM@”. Read the
“CFM@"” result on the gauge.

For example, if the pressure in the supply plenum is 70 Pa, Press [Set Pressure], [70], [Enter] to get the DucTester to
recreate the original pressure in the plenum. Press the [@ Pressure] key until “CFM @ 70 Pa” appears on the display.
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The CFM result displayed will be corrected for what the airflow will be during normal operation (the supply pressure in
the plenum measured at the start of the test).

If “TOO LOW” or “----“ appears on the display as the result, the pressure in the plenum is too high to get an accurate
reading. Remove the probe from the plenum, read the CFM on Channel B and use the table that came with the flow grid
to correct the flow to match the pressure measured in the supply.

12.6  Measure using air handler blower curves

If air handler blower curves are available, they will show system flow versus pressure across the air handler, from supply
to return. To determine the pressure across the air handler, measure the pressure between the air handler cabinet on
the return side and the supply plenum.

You may need the results in units other than Pascals, often inches WC, depending on what pressure units are used on
the air handler blower curves. Do this by changing the units on the display using [Setup]>>"Mode Setup”>>"Pressure”
and choosing the units required such as inches of Water Column (in wc).

You could manually convert Pascal readings by dividing the pressure in Pascals by 250 for inches Water Column.

12.7 Measure using Hole Flow on the gauge

Because flow through a known size hole depends on pressure across the hole, and air flow into an enclosed space will
cause pressure and flow through the hole, we can use a box with a hole in it to measure the system air flow.

Cut the flaps off one side of a medium-sized cardboard box. Cut a 2" x 2" square hole in the center of another side
where the cardboard is only one layer thick. Punch a 0.25 inch diameter hole in the box near the opening and insert a
tube into this hole. Connect the other end of the tube to the yellow port of the gauge (so Channel B is reading the
pressure inside the box instead of from the fan). The gauge should show Pressure on Channel B in Pascals.

Observe the pressure in the box. Increase the size of the hole in the box until the pressure is about 5 Pa. Box pressure
of 8 Pa or less are recommended because higher pressures mean the air handler is increasingly blocked and the test
method itself is affecting the performance.

On the Retrotec gauge, set the result display “Mode” to “Hole Flow”. Enter the area of the hole into the gauge using the
[Area] key, ensuring that the units you use for area match what the gauge is expecting for area. Units for area when
calculating Hole Flow default to square inches. Read the CFM directly from the gauge to get the air handler flow.

Because this method partially blocks the flow from the air handler, readings are not exact, especially if pressures in the
box are above 8 Pa.

12.8 Measure with a Blower Door attached to the return or cabinet

Measure the supply plenum pressure using the Static Pressure Probe supplied with each Blower Door. Put the end of
the blue tube with the probe into the supply plenum, connect the other end of the blue tube to the “Input A” (blue) port
and read the pressure from “PrA” on the gauge.

Attach a 24 inch Flex Duct (optional accessory to Retrotec Blower Doors) to the outlet side of the Blower Door fan and
the Flex Duct flange to a return or the air handler cabinet so it is blowing into the ducts on the Open Range. Set the
pressure to the just measured supply plenum pressure. Press [Set Pressure] and enter the previously measured supply
plenum pressure. Read the CFM result directly from the gauge after waiting for at least one minute to let the
measurement settle down.

For example, if the pressure in the supply plenum is 70 Pa, press [Set Pressure], [70], [Enter] to get the Blower Door to
recreate the original pressure in the plenum. Read the CFM result directly from the gauge

If “TOO LOW” or “----“appears the pressure in the plenum is too high to get an accurate reading. Repeat the procedure
but move the Static Pressure Probe to measure the pressure farther away from the air handler.

Page 59 of 91
©ORetrotec Inc. 2012



12.9 Other methods

Temperature rise and other standard HVAC methods exist but are not covered here.
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13. Estimate HVAC system energy loss from ducts

13.1 Duct Air Leakage Measurements

In this section, you will learn a simple method for estimating HVAC system losses through field measurements of duct air
leakage. Assumptions must be made about the HVAC and duct systems (including system airflow, operating pressure in
the ductwork, supply and return breakdown of leakage, and energy loss penalty from supply and return leaks) to
estimate the annual energy loss for heating or cooling in the climate in question.

This estimation technique must be used with caution, as duct leakage loss calculations are extremely complex, and many
assumptions are being made in order for the estimation to work. The leakage rate determined using the following air
leakage procedure may differ from actual operating conditions. This simple model should not be used for research
purposes, program design or impact evaluations, as more sophisticated duct leakage loss models are available and more
accurate.

To use software to perform the simple methodology below, refer to section 10.

13.2 Methodology

Complete a “Duct leakage to outside” test
Record the leakage rate in CFM at 25 Pa (CFM25).
Determine the CFM25 multiplier for average operating pressure

It has been assumed that 25 Pa is a representative pressure for leaks in the duct system under normal operating
conditions. However, if you have evidence to suggest that another pressure would better represent leaks under normal
conditions, this can be modified. Use the following table to adjust CFM25 for different average operating pressures.
During normal (average) operating conditions, duct pressures can vary greatly. They are much more stable during a duct
leakage test. Use separate multipliers for the return and supply ducts, respectively (as necessary).

Definitions:

Average Operating Pressure: 25 Pais a representative pressure for leaks in the duct system under normal operating
conditions. However, if you have evidence to suggest that another pressure would better represent leaks under normal
conditions, this can be modified.

Pressure Multiplier is a factor applied to calculate the Loss Factor, based on the normal Average Operating Pressure.

Table 7: CFM25 multipliers for average operating pressures.
Multiplier for CFM25 = (Avg. Operating Pressure/25)0.60

Average Operating Multiplier for
Pressure (Pa) CFM25
5 0.38
10 0.58
15 0.74
20 0.87
25 1.00
30 1.12
35 1.22
40 1.33
45 1.42
50 1.52
55 1.60
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60 1.69
65 1.77
70 1.85
75 1.93
80 2.01
85 2.08
90 2.16
95 2.23
100 2.30
105 2.37
110 2.43
115 2.50
120 2.56
125 2.63
130 2.69
135 2.75
140 2.81
145 2.87
150 2.93
155 2.99
160 3.05
165 3.10
170 3.16
175 3.21
180 3.27
185 3.32
190 3.38
195 3.43
200 3.48

When possible, use actual operating conditions to determine the best multiplier to use from the table above.
Calculate a loss factor for supply and return leaks
Supply Loss Factor = (SLS x SLP x SPM)

Where: SLS is Supply Leakage Split (default 0.5)
SLP is Supply Leakage Penalty (default 1.0)

SPM is Supply Pressure Multiplier (default 1.0)
Supply Loss Factor =05*1.0*1.0
=0.5

Return Loss Factor = (RLS x RLP x RPM)
Where: RLS is Return Leakage Split (default 0.5)

RLP is Return Leakage Penalty (default 0.5)

RPM is Return Pressure Multiplier (default 1.0)
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Return Loss Factor =05*0.5*%1.0
=0.25
Definitions:

Leakage Split is the estimated fraction of total measured leakage, either on the supply side or the return side of the duct
system

Supply Leakage Penalty: The default value is 1.0. This means that of the supply air leakage, all of its energy leads to the
outdoors (i.e., none of its energy is regained back into the house). This number can be lowered if some of the energy
from duct leakage leads back into the house.

Return Leakage Penalty: The default value is 0.5. This assumes that of the return air leakage, about half of its energy is
lost to outdoors. (i.e., The other half of its energy is regained back into the house). This number can he raised if you
suspect that there's actually more energy loss to the outdoors from the return side.

Estimate HVAC system airflow

Estimate the total airflow from the system documentation, measured through static pressure/fan curve, or by
measuring system airflow using flow measuring techniques.

Calculate HVAC system loss (%)

CFM25 Leakage to outside x (Supply Loss Factor+Return Loss Factor)

% HVAC System Loss =
% v Estimated System Airflow in CFM

Example 1:

We conduct a Duct Leakage to Outdoors Test on a 3 ton, 11 SEER heat pump system (supplies located in the
attic and returns in the crawlspace). The owners report a $1300/yr cooling bill and a 5700/yr heating bill.
Using 25 Pa as our duct testing pressure, we measure 270 CFM s of duct leakage to the outside. We measure a
total system airflow of 1425 CFM using a total flow measurement method. We will use the default values for
Supply/Return Loss Factors.

270 CFM X (0.5+0.25)
1425 CFM

% HVAC System Loss =

% HVAC System Loss = 14%

Annual cooling loss = 14% x $1300 = $182

Annual heating loss = 14% x $ 500 =$ 70

Annual capacity loss = 14% x 3 ton = 0.42 tons

Annual operating SEER = (1 — 14%) x 11 SEER = 9.5 SEER

Example 2:

For the same house measured above, the correct leakage split is determined with the majority of leakage on
the return side at 200 CFM. Assume the average operating pressure for the return side is closer to 35 Pa
because it is close to the plenum takeoff.

CFM,5 multiplier for return = 1.22
CFM 5 multiplier for supply = 1.0 (default)
Leakage splits:
SLS =200 CFMys / 270 CFM,5 = 0.74

Page 63 of 91
©ORetrotec Inc. 2012



RLS = 70 CFM,s /270 CFM,5 = 0.26
Loss Factors:

SLF=(0.74x1.0x1.22)=0.9

RLF=(0.26 x0.5x1.0)= 0.13

270 CFM X (0.9+0.13)
1425 CFM

=20%
Annual cooling loss = 20% x $1300 = $260
Annual heating loss = 20% x $ 500 = $100

% HVAC System Loss =

Annual capacity loss = 20% x 3 ton = 0.6 tons

Annual operating SEER = (1 —20%) x 11 SEER = 8.8 SEER
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14. Field Check the DucTester to find out what is not working

Standard procedure says you calibrate your gauges every year or two, but does this really make sense? The gauge can
be calibrated regularly but when did the gauge go out of calibration? Last week or last year?

What makes a lot more sense is a quick way to self check your gauge regularly or before an important test. Moreover,
gauge calibration, where errors are typically a few %, are not as frequent a cause of problems when compared to
blocked, leaking or pinched tubes that happen more often and can yield errors of 10 or 90%. Send your gauge in for
calibration and those problems are not addressed.

14.1 Field Check the gauge

To verify the calibration of a gauge, the easiest method is to compare the readings of one channel with respect to the
other channel. If the pressures are equal, then it is likely the gauge is accurate, because the chance of both channels
being out of calibration by the same amount is very small.

To perform a cross port check

1. Press “Exit” and then “Time Average” until “4s” appears. Dual-Channel Digital Micromanometer and Control
1. Press Mode until both channels display pressure (in Pascals). Baseline N Time Zero
[ =) |----10.60| 4s | On

100 Pa

2. Connect the Input port of Channel A to the Input port of
Channel B using a small piece of tubing. The measured
pressure on both channels should be within 2% of each
other.

3. Disconnect the tubing, and then connect the Reference ports
of both channels using the same piece of tubing. The
measured pressure on both channels should be within 1% of DM-2 mark i
each other.

Retrotec  DU200 [BEYIES

The same procedure can be followed to compare two gauges. The reading on both gauges should be the
same.

4. Use alonger piece of tube to check the gauge at lower pressures.
5. Turn off AutoZero to stop the pressure from dropping.

Figure 50: Gauge field check configurations (cross-channel checks (top), cross-gauge checks (bottom).

Gauge calibration has now all been checked, removing that major source of error.

14.2 Field Check the tubes
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A problem that is a lot more common than gauge calibration is pinched or blocked tubes. They can be pinched inside
the gauge were you'll never see it or even inside the fan. Tubes often get temporary blocked with a drop of water which
still allows the gauge to work but the readings are only a fraction of what they should be. This test will identify those
problems. It takes only 2 minutes.

Water in tube Pinched tube
1. Press “Exit” and then “Time Average” until “4s” appears.
2. Press Mode until both channels display pressure (in Pascals).
3. Connect the yellow tube between the red and yellow ports on the gauge.
4. If the readings are within 2% and don’t drop rapidly, the yellow tube is not blocked or

leaking and the gauge is accurate.

5. Disconnect the yellow tube and connect the Blue tube from Blue to Green ports to check
that tube and the negative side of the gauge.

6. Disconnect the Blue tube and connect the Green tube from the Green port to the Red Port
to check that tube and the negative versus positive calibration of the gauge.

If both channels don’t display the same pressure or the pressure drops rapidly the tubes are blocked or
leaking. Water can be whipped or blown out of tubes and crimped tubes can be adjusted.

The tubes have now all been checked, removing that major source of error.
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14.3 Field Check the DucTester as a system

This check will ensure that the DucTester is connected properly, and will ensure that the measured results for flow are
within 10% of the true value. The flow verification plate is optional equipment, but a temporary one can be easily
manufactured using thin, solid, cardboard with a 4" x 4 5/8" square hole (18.6 sq in) cut in the center. A 1/4 inch
diameter hole should be made in one corner of the plate, as far away from the larger hole as possible, into which the
blue tube can be inserted.

To field check the DucTester calibration

1. Tape the Field Calibration Plate to the Flex Duct Flange, and attach the blue
tube to the pressure pickup or into the small cut hole (if using a homemade
one).

2. Attach the Flex Duct to the outlet side of the fan to pressurize the Flex Duct

Stretch the Flex Duct to its full length.Set the Mode to “Flow”.

4. Press [Set Pressure] [25] [Enter] and the fan will automatically control to
25 Pa.Press [@ Pressure] to display CFM @25 Pa.

5. Compare the measured results with the flow marked on the calibration
plate. A homemade plate with the specified size hole should read within
10% of 100 CFM.

w

The calibrated fan has now all been checked as a system, removing that major source of
error.

Figure 51: DucTester field calibration
check setup.
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15. Avoid common mistakes

The following mistakes are commonly made when performing a duct test, and can significantly affect the results.
e Wrong Range Configuration and or wrong Device selected on gauge
e Water in tube, pinched tube
No green reference tube attached while depressurizing ducts
Having @ Pressure set to the wrong pressure
Having @ Pressure on when setting the pressure on the DucTester to zero when measuring duct leakage to
outdoors using method #2.
e Not covering all registers
e Not locating and sealing ducts running to outdoors such as fresh air supply ducts
e Tape sealing registers being blown off, usually happens in pressurization
e Furnace coming on during a test
e Too leaky to test accurately, although this is usually not an issue because tests can be performed accurately at
twice the allowable duct leakage.

In some cases, especially in new construction, it is possible to find ducts that have no leaks. Some indications would be
if even a very low fan speed results in a very high duct pressure, or if no flow can be measured with even the most
restrictive Range Configuration. One way to verify that the test is correct, and that the ducts are not leaky, is to unseal a
single register. This introduces a leak to the duct system, which is measured by the equipment. If this test results in a
measure leak of the approximate size of the opened register, the previous test is valid, and the system is too tight to
measure any duct leakage.

e Method 2 duct leakage to outdoors or combined method has erratic readings.

Huge errors will result if [@ Pressure] is turned on during this test because it creates a divide by zero error. Press [@
Pressure] to remove “@” from the display. This method relies on the DucTester gauge measuring the pressure between
the house and ducts which is set to zero by the DucTester but the extrapolation to zero that is attempted by the gauge
will not work.
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16. Create a Blower Door with a DucTester fan

16.1 Use a DucTester to test tight enclosures

To turn a duct testing system (DU200, DE200, DK200) into a Blower Door system for testing tight enclosures (US200,
EU200, and UK200), you only need to add an Aluminum Frame and a Low-Flow Cloth Door Panel. If you have a
DucTester system, your Umbilical will have blue, yellow and green tubes. In this case, the blue tube will be connected to
the red port on the gauge and passed through the panel. The graphic in Figure 52 shows the umbilical that comes with a
Blower Door system, with a red, yellow and green tube, and the red tube connected to the red gauge port and going
through the panel to the outdoors. It is not necessary to change your Umbilical just for this color change.

Blower Door systems for testing tight enclosures should be set up as shown in Figure 52 below:

Figure 52: Blower Door setup using a Model 200 fan to test tight enclosures. The left image shows the Fan Top from a side view of the Model
200 fan with tubing and Control Cable connections.

The green tube is always recommended and must be connected if the flow is towards the operator (i.e., air is blowing
towards where the operator is standing). The Speed Control Cable can be plugged into either one of the two Control
ports.

To measure building envelope leakage with Blower Door testing, please refer to procedures outlined in Retrotec’s
Manual-Door Fan Operation and QuickGuide-Blower Door.
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16.2 Blower Door systems for testing tight enclosures (US200, EU200,
UK200)

Includes all of the parts listed above for a typical duct testing system, except instead of a Flex Duct, the Blower Door
systems include an Aluminum Frame and Cloth Door Panel to tightly fit the Model 200 fan into a doorway. Also included
is a hard-sided case for the Aluminum Frame. The gauge can be placed securely into the included gauge holder that
holds it upright on the Aluminum Frame for easy access during a Blower Door test.

Figure 53: Blower Door system for testing
tight enclosures.

To expand your DucTester into a Blower Door system for testing tight enclosures, you only need to add a Low-Flow Cloth
Door Panel with Aluminum Frame.

Table 8: Aluminum Frame Door Panel dimensions

Dimensions With Extender Kit
Panel width 24.5-41.5in(62.2 - 105.4 cm) 30-48in(76-122 cm)
Panel height 51.5-95in(131-241cm) 60-110in (152 -280cm)
Frame thickness 1.75in (5.3 cm)
Frame case 53x10x4in (134 x25x10cm)
Frame weight 14.2 Ibs (6.4 kg)
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Appendix A: Calculate Air Flow based on Pressure readings

The air flow being produced by the calibrated fan is a value that can be calculated based on the pressure developed by
the air moving across the inlet side of the fan towards the exhaust. Because the fan is calibrated, there are known
values describing the mathematical relationship between the fan pressure, which is measured across the fan inlet, and
the resulting air flow through the fan.

The Fan Pressure needed to calculate the fan flow is the difference between the pressure at the pickup and the pressure
in the vicinity of the inlet side of the fan. The fan pressure pickup is located inside the fan near the inlet side of the fan.
Self-referencing fans such as the DU200 have the reference port built in, and it is placed to measure the ambient
pressure in the vicinity of the inlet side of the fan. It is important to set the Device on the gauge to DU200 because that
tells the gauge not to adjust the “PrB” value before calculating flow. Such an adjustment is required in the case of flow
toward the operator when the fan is not self-referenced.

Each fan and range combination has a different flow equation. For each fan and range combination available, the
variables needed to calculate flow are listed in the table below. N and K values depend on the type of fan and the
Range Plate/Ring being used.

Since both the fan pressure pickup and the reference for the fan pressure (yellow and green ports on the fan connected
to the gauge) are on the inlet side of the fan, “PrB”, will always show the correctly referenced fan pressure and can be
used directly as the fan pressure, FP, value in the flow equation.

To determine the fan flow for a particular Fan Pressure, insert the values measured for FP and DP, and the N and K
values from the table into the following equation:
Flow CFM = (FP — DP x K1)N x (K+ K3 x FP)

Where:
FP is the fan pressure from Channel B displayed as “PrB”
DP is the duct pressure from Channel A displayed as “PrA”

There are two conditions for FPthat must be met before the calculated flow can be considered valid. The absolute
value of FPmust be greater than the minimum fan pressure, MF, from the table and greater than a factor calculated
from the duct pressure, DP, and K2 from the table:

So before calculating flow ensure that: |FP| > MF
And: |FP| = |DP| x K2

Table 9: N and K coefficients for all supported fans in the gauge.

Range n K K1 K2 K3 MF

Open 0.5115 30.7774 0.000 0.2 0.0000 10

Model 200
Mid 0.5415 5.9146 0.000 0.5 0.0000 25

/ DU220
Low 0.6125 1.0056 -0.024 0.5 -0.0002 25
108.700

Open 0.5032 0 0.000 1.0 0.0000 25
Mn Ring 1 0.5038 40.5000 0.000 1.0 0.0000 25

DuctBlaste
r Ring 2 0.5064 15.2700 0.000 1.0 0.0000 25

Ring 3 0.5140 5.8400 0.000 1.0 0.0000 4

Mn El 0.5000 43.7300  0.000 1.0 0.0000 1.0
Exhaust E3 0.5000 20.7200  0.000 1.0 0.0000 1.0
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Range n K K1 K2 K3 MF
= E3 0.5000 10.0700 0.000 1.0 0.0000 1.0
115.000
Mn True | #14 0.5000 0 0.000 1.0 0.0000 10
Flow 154.000
#20 0.5000 O 0.000 1.0 0.0000 10
Table 10: N and K coefficients for all supported fans in the gauge, Obsolete.
Range n K K1 K2 K3 MF
Open 0.4910 39.4840 0.000 1.0 0.0000 10
100 2.75 0.5110 3.0110 0.000 1.0 0.0000 10
1.23 0.5110 1.1290 0.000 1.0 0.0000 10
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Appendix B: Flow Conversion Tables

Flow Conversion Table for Duct Test Pressure of 25 Pa

Table 11: Flow in CFM for various fan pressures, Retrotec Model 200 Fans, Duct Test Pressure: 25 Pa (relative to outdoors)

Flow in CFM: AWAY or TOWARDS operator, both green and yellow tubes connected.

Fan Pressure opent Nvichi Moy Fan Pressure opentivichi Moy
(Pa) (Pa)
10 100 4.2 96 318 70 16
12 110 4.7 98 321 71 16
14 119 25 5.1 100 324 72 17
16 127 27 5.6 105 333 74 17
18 135 28 6.0 110 341 75 18
20 142 30 6.3 115 349 77 18
22 150 32 6.7 120 356 79 18
24 156 33 7.1 125 364 81 19
26 163 35 7.4 130 371 83 19
28 169 36 7.8 135 378 84 20
30 175 37 8.1 140 385 86 20
32 181 39 8.4 145 392 88 21
34 187 40 8.7 150 399 89 21
36 192 41 9.0 155 406 91 21
38 198 42 9.3 160 413 92 22
40 203 44 10 165 419 94 22
42 208 45 10 170 426 95 23
a4 213 46 10 175 432 97 23
46 218 47 10 180 438 98 23
48 223 48 11 185 444 100 | 24
50 228 49 11 190 451 101 | 24
52 232 50 11 195 457 103 | 24
54 237 51 12 200 463 104 | 25
56 241 52 12 205 468 106 | 25
58 246 53 12 210 474 107 | 26
60 250 54 12 215 480 108 | 26
62 254 55 13 220 486 110 | 26
64 258 56 13 225 491 111 | 27
66 262 57 13 230 497 112 | 27
68 266 58 13 235 502 114 | 27
70 270 59 13 240 508 115 | 28
72 274 60 14 245 513 116 | 28
74 278 61 14 250 518 118 | 28
76 282 62 14 255 524 119 | 28
78 286 63 14 260 529 120 | 29
80 289 63 15 265 534 121 | 29
82 293 64 15 270 539 123 | 29
84 297 65 15 275 544 124 | 30
86 300 66 15 280 549 125 | 30
88 304 67 15 285 554 126 | 30
920 307 68 16 290 559 127 | 31
92 311 68 16 295 564 129 | 31
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Flow Conversion Table for Duct Test Pressure of 50 Pa

Table 12: Flow in CFM for various fan pressures, Retrotec Model 200 Fans, Duct Test Pressure: 50 Pa (relative to outdoors)

Flow in CFM: AWAY or TOWARDS operator, both green and yellow tubes connected.

Fan Pressure

(Pa) Open Mid Low

12 110 4.8

16 127 27 5.6

20 142 30 6.4

24 156 33 7.1

28 169 36 7.8

32 181 39 8.5

36 192 41 9.1

40 203 44 10

44 213 46 10

48 223 48 11

52 232 50 11

56 241 52 12

60 250 54 12

64 258 56 13

68 266 58 13

72 274 60 14

76 282 62 14

80 290 63 15

84 297 65 15

88 304 67 15

92 311 68 16
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Fan Pressure
(Pa)

Open Mid Low
98 321 71 16
105 333 74 17
115 349 77 18
125 364 81 19
135 378 84 20
145 392 88 21
155 406 91 21
165 419 94 22
175 432 97 23
185 445 100 24
195 457 103 24
205 468 106 25
215 480 108 26
225 491 111 27
235 502 114 27
245 513 116 28
255 524 119 28
265 534 121 29
275 544 124 30

285 554 126 30

295 564 129 31



Appendix C: Calculate flow if required test pressure cannot be reached

“n” setting for estimating flow @ pressure during house and duct leakage test

Houses and ducts have leaks through holes that will have both turbulent and laminar flow going through them. The
relationship between pressure and flow is as follows:
flow = Pressure™ x C

The actual flow exponent n for an enclosure can be calculated by measuring enclosure leakage at multiple pressure
differences, from 10 to 50 Pa, and determining the slope of the line when graphing log of flow versus log of pressure.
The graph of pressure versus flow will be linear if graphed on a log-log scale, and the slope will be n. The constant Cis a
value depending on the flow characteristics of the opening through which the air is moving, and can be thought of as the
flow at 1 Pa. Once n is known, flow at 1 Pa can be found using the graph.

A wide open hole has an n of 0.5, meaning that when the pressure is quadrupled, the flow doubles. That is due to
completely turbulent flow going through that hole (flow = square root of pressure, a constant for that particular hole).
flow = Pressure”
flow = Pressure®®

An n value of 1.0 represents tiny little holes, so small that the air would not be turbulent but rather would go through
the holes as laminar flow. This means that when pressure is quadrupled, the flow will also be quadrupled.
flow = Pressure!
flow = Pressure
4 = flow = 4 * Pressure

Duct holes tend to be slightly larger so tend towards more laminar with less turbulent flow and larger n values, whereas
houses have more prevalent long tiny cracks, and therefore tend to have lower n values.

The n value is saved in the gauge. Set it to 0.65 for houses, and 0.60 for ductwork. Set to 0.5 for tests on the Retrotec
house simulator, while measuring air handler flow and for any large hole that is not composed of long thin cracks.

The gauge uses the n value to extrapolate for flows at other pressures using the following formula:
desired test pressure)n

Flow at desired test pressure = (Flow at measured pressure) * (
measured pressure

Note that because the formula is using a ratio of the two pressures, and both pressures will have the same C, the C value
is not required for the extrapolation.

For example: If we guess at the n value of a duct as being 0.6 and measure 100 CFM at 20 Pa (by accident or by design),

then the gauge will complete the following calculation to estimate the flow at 25 Pa:
0.6

flow@25 Pa = flow@20 Pa X 5008

If the test pressure (20 in this case) is close to the desired reference pressure (25 Pa in this case), then the correction is
small and the value of n does not play as large a role. However, if the test pressure is much higher or lower than the
reference pressure, the error can be greater.

The @ Pressure extrapolation feature is very useful for ensuring that results taken for flow reflect the flow at the desired
test pressure, even when the pressure was not adjusted perfectly and was within 5 to 10 Pa of the desired test pressure.
Extrapolation Error for Flow if gauge “n” doesn’t match actual n

To continue the above example: The flow at 20 Pa is 100 CFM. Assume the actual n is 0.7, but this is unknown. Instead,
0.6 will be used.

The gauge would calculate:
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B 25" x CFM

Flow@25 Pa = Son
25%6 % 100

Flow@25 Pa = 114 CFM

However, if actual n was 0.7, the flow at 25 should have been:

25%7 x 100
FlOW@ZS Pa = W

Flow@25 Pa = 117 CFM

This value is less than 3% off from what it should be. If the test pressure was within 1 or 2 Pa of the reference pressure
of 25 Pa, the @ Pressure reading would be exact.

If a gauge has the extrapolation or flow exponent “n” set to an assumed value but the actual exponent (the true
exponent value that describes the enclosure) differs, the flow values estimated by the gauge when extrapolating will be
off by a small error amount. The tables below show the percent error that can result from entering an incorrect
exponent value in the gauge and using the [@ Pressure] function.

If the “n” value on the gauge is set to 0.65 and the actual duct “n” is different, a small error, as shown in Table 13 will
result if the [@ Pressure] function is used at the Achieved Pressure to estimate a result at 50 Pa.

Table 13: Errors in Estimated Flow at 50 Pa if gauge "n"= 0.65 differs from actual n

Actual Flow Exponent (n) of Ducts
0.50 0.55 0.60 0.65 0.70 0.75
Achieved 10 21.4% -14.9% 7.7% 00% | 8.4% 17.5%
Pressure (Pa) | ;o -16.5% -11.3% -5.8% 00% | 6.2% 12.8%
20 -12.8% -8.8% -4.5% 0.0% | 4.7% 9.6%
25 -9.9% -6.7% -3.4% 0.0% | 3.5% 7.2%
30 -7.4% -5.0% -2.5% 0.0% | 2.6% 5.2%
35 -5.2% -3.5% -1.8% 0.0% | 1.8% 3.6%
40 -3.3% 2.2% 1.1% 00% | 1.1% 2.3%
45 -1.6% -1.0% -0.5% 0.0% | 0.5% 1.1%
50 0.0% 0.0% 0.0% 0.0% | 0.0% 0.0%
55 1.4% 1.0% 0.5% 0.0% | -0.5% -0.9%
60 2.8% 1.8% 0.9% 0.0% | -0.9% -1.8%
65 4.0% 2.7% 1.3% 0.0% | -1.3% -2.6%
70 5.2% 3.4% 1.7% 0.0% | -1.7% -3.3%

If the “n” value on the gauge is set to 0.60 and the enclosure “n” is different, a small error, as shown in Table 14 will
result if the [@ Pressure] function is used at the Achieved Pressure to estimate a result at 50 Pa.

Table 14: Errors in Estimated Flow at 50 Pa if gauge "n" = 0.60 differs from actual n

Actual Flow Exponent (n) of Enclosure
0.50 0.55 0.60 0.65 0.70 0.75
Achieved 10 -14.9% -7.7% 0.0% 8.4% 17.5% 27.3%
Pressure (Pa) | ;g -11.3% -5.8% 0.0% 62% | 12.8% | 19.8%
20 -8.8% -4.5% 0.0% 4.7% 9.6% 14.7%
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25 -6.7% -3.4% 0.0% 3.5% 7.2% 11.0%
30 -5.0% -2.5% 0.0% 2.6% 5.2% 8.0%
35 -3.5% -1.8% 0.0% 1.8% 3.6% 5.5%
40 -2.2% -1.1% 0.0% 1.1% 2.3% 3.4%
45 -1.0% -0.5% 0.0% 0.5% 1.1% 1.6%
50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
55 1.0% 0.5% 0.0% -0.5% -0.9% -1.4%
60 1.8% 0.9% 0.0% -0.9% -1.8% -2.7%
65 2.7% 1.3% 0.0% -1.3% -2.6% -3.9%
70 3.4% 1.7% 0.0% -1.7% -3.3% -4.9%

Achieved pressure is the actual maximum pressure achieved in the enclosure (ducts in this case) during the test.

(Actual n—Assumed n)

Pressure of Interest)

Error = (
fror Achieved Pressure

In the tables, the Pressure of Interest is 50Pa, and Assumed n is 0.65 or 0.60

The actual flow exponent n for an enclosure can be calculated by measuring enclosure leakage at multiple pressure
differences, from 10 to 50 Pa, and determining the slope of the line on the graph of pressure versus flow which will be
linear if graphed on a log-log scale, and the slope will be n.

Cannot Reach 25 Pa Factors

If you have a situation where you cannot reach the required 25 Pa during the test, there is a way to estimate the flow at
that pressure based on the measured pressure and flow you did achieve. This is the procedure the gauge uses for
extrapolating the flow at the required pressure when you use the [@ Pressure] key. The following equation describes
the relationship between the flow at the required pressure of 25 Pa and the actual measured flow at the measured

pressure:

25 Pa )“

Flow at 25 Pa = (Flow at measured pressure) * (
measured pressure

25\"
CFM,5 = CFMp * (?>
For most ducts, the n value is usually 0.60. For the flow at 50 Pa, replace “25” with “50.”

Rather than using the equation in the situation where the 25 Pa test pressure cannot be achieved, you can use tables
with the factors already calculated and the following procedure.

Take a flow (CFM) reading at the pressure achieved and multiply by the "Cannot reach 25 Pa factor” from Table 15 to get
an estimate of the flow that would result at 25 Pa.

For example: if you read 600 CFM at a building pressure of 19 Pa, the "Cannot reach 25 factor" from Table 15is 1.18. To
get the estimated flow at 25 Pa, make the following calculation:

600 CFM x 1.18 = 708 CFM

Thus the estimated result for CFM at 25 Pa will be 708 CFM.
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The factors depend on the n value chosen. Table 15 is for n of 0.60 which is typical for ducts.

Table 15: Factors for when a duct

pressure of 25 Pa cannot be reached (assumed n value of 0.6).

Pressure Cannot reach
achieved 25 factor
25 1.00
24 1.02
23 1.05
22 1.08
27 111
20 1.14
19 118
18 1.22
17 1.26
16 131
15 1.36
14 1.42
13 1.48
12 155
11 1.64
10 1.73
9 1.85
3 1.98
7 2.15
6 2.35
5 2.63

Cannot Reach 50 Pa Factors

Rather than using the equation in the situation where the 50 Pa test pressure cannot be achieved, you can use tables
with the factors already calculated and the following procedure. Take a flow (CFM) reading at the pressure achieved
and multiply by the "Cannot reach 50 Pa factor” from Table 16 to get an estimate of the flow that would result at 50 Pa.

For example, if you read 1000 CFM at a building pressure of 30 Pa, the "Cannot reach 50 factor" from Table 16 is 1.36.
To get the estimated flow at 50 Pa, make the following calculation:

1000 CFM x 1.36 = 1360 CFM

Thus the estimated result for CFM at 50 Pa will be 1360 CFM.

The factors depend on the “n” value chosen, and Table 16 is for “n” of 0.60 which is typical for ducts.

Table 16: Factors for when a duct

pressure of 50 Pa cannot be reached (assumed “n” value of 0.60).

Pressure Cannot reach Pressure Cannot reach
achieved 50 factor achieved 50 factor
50 1.00 25 1.52
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1.01

24 1.55
23 1.59
22 1.64
21 1.68
20 1.73
19 1.79
18 1.85
17 191
16 1.98
15 2.06
14 2.15
13 2.24
12 2.35
11 2.48
10 2.63
9 2.80
8 3.00
7 3.25
6 3.57
5 3.98

49

48 1.02
47 1.04
46 1.05
45 1.07
a4 1.08
43 1.09
42 1.11
a1 1.13
40 1.14
39 1.16
38 1.18
37 1.20
36 1.22
35 1.24
34 1.26
33 1.28
32 131
31 1.33
30 1.36
29 1.39
28 1.42
27 1.45
2% 1.48
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Appendix D: Troubleshooting

Occasionally simple problems do occur with a DucTester system. If the problem is described in any of the following
sections, follow the steps to attempt to resolve the problem. If the problem persists, contact support@retrotec.com.

“TOO LOW" appears on display:

Backpressure refers to the pressure that the DucTester fan works against while running. Under most testing conditions,
backpressure is not a concern. If the backpressure is too great, the gauge will automatically sense it and display "TOO
Low" or “ -------- “, indicating the flow signal is too low compared to the pressure the fan is working against. Changing to
a more restrictive Range Configuration will solve this problem.

Gauge “Flow"” reading does not change? Turn off [@ Pressure]

When the measured flow does not increase as fan speed increases the gauge has likely been set to calculate a value for
[@ Pressure]. To have the gauge show the actual measured flow at the current “PrA”, simply press [@ Pressure] until
there is no @ symbol next to the flow reading.

If [@ Pressure] is active, the gauge calculates a reading for flow at the test pressure, no matter what the actual “PrA”
reads. Therefore, regardless of fan speed, the measured flow will appear relatively unchanging.

Fan does not run

Make sure the power light is on and the power switch is set to “1”. If the yellow Control (Ethernet) Cable has been
connected previously to a gauge, the Speed Control Knob must be turned off and then on again. This is a fail-safe
feature so the fan does not go on unless you want it to. Alternatively, turning the power switch off and back on will
activate the Speed Control Knob as long as the Control Cable is not connected.

Checking the DucTester flows
Set the gauge on Pressure on both channels using the [Mode] key.

Establish a test pressure of at least 25 Pa in a box or duct using the manual speed control knob. Disconnect the blue
tube and connect it to the yellow port on the gauge. “PrB” should now read the same 25 Pa. If higher by a significant
amount, then Channel A is leaking, but if lower then Channel B is leaking. For further detail on this procedure, refer to
section 14.1.

With the Flex Duct removed, set the fan to full speed. “PrB” should read about 200 Pa. If the value is a lot lower,
Channel B is leaking. Connect the blue tube to Input A on the DM-2, and Ref B on the fan. (Yellow tube is disconnected.)
Channel A should read about 200 Pa.

Fixing the Fan Top (for Model 200)

Occasionally, it is possible for the Fan Pressure tubes, located inside the Fan Top, to become blocked, pinched, or
disconnected. This will prevent the gauge from reading changes in Fan Pressure when the fan speed changes.

The Fan Top for the Model 200 refers to the two mounted red plates attached to the sides of the fan. Attached behind
them are Printed Circuit Boards (PCBs). For this section, we will refer to the Control PCB assembly as the one that has
“Control” printed on the mounting plate. We will refer to the Power PCB assembly as the one with the power switch on
it, and has “Mains Power” printed on it.
e Attach a one foot length of tube to the "Ref B (Fan)" port on the Fan Top. Try sucking on the tube; you should
hear a whistling sound from inside the fan as air is drawn into the two pickup points (see Figure 5 and Figure 4).
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e Do the same thing with the tube attached to the "B" port. If no sound is heard from the port, than the pressure
tube(s) under the Fan Top are blocked. If both tubes are clear, there is no need to continue. Blowing air
through the tube connector can remove a water drop if that was causing the blockage.

Caution: Unplug the power cable before performing the following.

To fix a Fan Top pressure tube (on the Control PCB assembly)

1. Remove the Control PCB assembly, by removing the four hex head screws on the corners, using the 3/32”
hex (Allen) key. The Control PCB assembly is the one that says “Control” on the mounting plate.

Gently lift the assembly away from the fan, exposing the tubes and wires beneath.

If the yellow or green tubes are blocked or kinked, replace that section of tube. To replace the tubes, first snip the

end off.
%
3

Carefully remove old tube. It is easy to damage connector when removing old tube. If removal is difficult, a small
amount of heat from a heat source may be used to ease removal. If tubing connector is damaged, replace
the connector.
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Carefully insert tube on connector. Again, a small amount of heat or a bit of silicon lubricant will ease installation.
Make sure that the tube is fully inserted onto the connector, and that the connector is not damaged or bent.

Re-install the Control PCB assembly to the fan shell. Be certain not to over tighten the mounting screws as it is very
easy to over tighten and thus strip out the threads in the plastic fan shell.

Occasionally it may be necessary to replace the Power PCB assembly. The Power PCB assembly has the power switch on
it, and says “Mains Power.”

1. Remove the Power PCB assembly, by removing the four 8-32 x 5/8” button head screws that secure it to the
fan shell, using the 3/32” hex (Allen) key.

Made in USA

Gently lift the Power PCB assembly away from the fan shell.
Disconnect the Power PCB assembly from wiring harness by carefully pulling all six of the flag connectors away from

the PCB using a pair of pliers. Use a tool to depress the tab on the plug, as shown, and remove
) | 3 ITRON
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Set the old assembly aside, and connect the new one

Connect the wires to the Power PCB assembly
PCB as indicated. Be careful to not be

by attaching the flag connectors to the terminal posts on the Power
nd the PCB.

120v/240v
Green/Yellow Labeled GND
Blue (Motor Wire) J3-3 (Labeled WHT
115V)
Black J3-7 (Labeled BLK)
Blue (Capacitor Wire) J3-8 (Labeled BRN)

Ensure the Power PCB assembly sits on the fan shell cavity flush such that the wires and/or tubing are not being
pinched or crushed under the Power PCB assembly.
Re-attach the Power PCB assembly to the fan shell with the previously removed screws.

Model 210 and 220 - obsolete mo

dels no longer in production

The 210 and 220 model duct testing fans were sold with R31 and Q32 DucTester systems respectively. At 0.25 hp, the

fans were designed specifically for duct testing. R

endered obsolete by the Model 200 fan, the Model 210 and some

Model 220 fans require a manual speed control. The Model 220 offers a self-referencing port for easy testing in both
directions. The main difference between the Model 210 and the 220 are the Fan Top designs for Pressure and Speed

Control connectivity.

»

Q”_’Lﬁ m retrotec inc

ng

retroi39

reumec“m(

B e N

Figure 55: Obsolete Retrotec Model 220 has Ethernet-styl

e connections for speed control from the gauge.

Adjusting DucTester Motor Moun

If, when rotating, the fan blade rubs on the fan ca

t (for Model 220)

sing, it may be necessary to adjust the motor mount. This can happen

when the motor mount inside of the fan shifts slightly, either from being dropped or some other accident. Be very
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careful before attempting this procedure. Loosening the bolts too far can cause the nut to fall off inside the fan,
requiring more extensive repairs. The fan can be sent back to Retrotec for adjustment, if the procedure seems too

complicated or troublesome.

To adjust the DucTester motor mount

1. Remove the 4" Velcro strip from the fan
outlet

Use a Phillips Head screwdriver and 5/16" wrench to
remove outlet screen.

Lightly loosen the four Flange nuts using 7/16" wrench
and 5/32" Allen key

M?

Spin the motor and listen to see if it is rubbing against
the plastic. Continue adjusting the motor until
it ceases to rub against the plastic.

Tighten the four Flange nuts. Make sure that the
motor does not shift as the nuts are tightened.
Continue to spin the motor to listen for
rubbing.

Once the nuts are tights, and the fan blades have
stopped rubbing against the plastic, reinstall
the outlet screen.

Retrotec recommends that a field calibration check be
performed on the fan after attempting this
procedure.
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Appendix E: Using a generator for power

Retrotec recommends a generator with inverter type AC power output. Size the generator capacity above the maximum
power required in order to reduce distortion of the AC power waveform. The higher the rated power output, the better.
Suggestions for minimum generator output sizes are 3000W for Blower Doors and 500W for DucTesters.

Table 17: Acceptable generator power output.

Fan Operating Max Operating Max Inrush Minimum Generator
Voltage Current (Watts) Current Power Output
120VAC 2A (240W) 2.5A (300 W)
Model 200 Series DucTester
208VAC N/A N/A
500 W
120VAC 2A (240W) 3A (360W)
Model 200 w/2350 Fan Top
208VAC 0.9A (187W) 1.2A (250W)
When selecting the generator, look for key words and phrases including:
e “inverter output”
e  “utility-grade AC power”
e “suitable for sensitive electronics”
Table 18: Portable generator AC power output types.
Comments/Expectation
Type of AC Power Output /Exp
Best; Compatible Recommended
Inverter
estionable; May not perform Not Recommended
AVR — Automatic Voltage Regulation Questi v P
Worse; May not perform Not Recommended
Brushless Y P
Worst; May not perform Not Recommended
CycloConverter

Generators
Honda Generator EU2000 (120V, 2000W, 67 lbs)

e Works will all DucTester fan models.
e Works with both 2200 and 2350 series fans.

The Honda EU2000 provides 2000 watts and 120V AC power. ltis
equipped with an inverter, and is specially designed for sensitive
electronic equipment. At 16.7 Amps, it meets the needs of most
Retrotec equipment.

GENYX G3000HI (230V, 3000W) generator

e Works with all Retrotec Fans.

The G3000HI is equipped with an inverter, and runs at 230V and a
maximum of 3000W for even the most powerful Retrotec equipment.

Portable Power Supplies
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Portable power supplies can provide enough power for Retrotec DucTester fans, but are unlikely to
produce sufficient power for a Blower Door. Please ensure that the power supply meets the minimum
power requirements of the fan before attempting to use one.

Black and Decker Electromate 400 Model

VEC026BD
e  ONLY use with DucTesters with a 2350 Fan Top (per label).

The VEC026BD is a 110/120VAC power supply with a built in 400W
inverter.
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Appendix F: Duct-Test Recording Forms

Total Duct Leakage Test Form Test date: /20
Fan Model Fan Serial # Digital Gauge Serial #
Address: Contact: Phone:
Technician:
Step < More details and check off
1* Position DucTester near return Ensure the flex will reach the return grill
Put your car keys beside the switch so you remember to turn back
2 Turn Air-handler off (if installed) on
3 Remove the furnace filter and cover filter opening
4 Attach flex to return register or access door in the air Attached to __ return register, __access door
handler
6 Seal all registers
7 Insert blue tube in a supply register ___attached to register closest to plenum
8 Open interior and one exterior door To make indoor and outdoor pressure the same
9 Make connections to the DucTester __vyellow tube, __green tube, __ power cord, __ speed control
10 Connect tubes and speed control to the gauge __blue tube, __yellow tube, __green tube, speed control
11 Enter conditioned floor area of the house into gauge sq ft conditioned floor area
Press [Set Pressure], [25], and [Enter]. Press [@] to display “@ 25
12 Create a 25 Pa pressure in the ducts Pa”
13 Range Configuration, usually it will be Mid __Low, _ Mid _ Open
Record Pressure (PrA) and Flow —Pa____ CFMwithNO @ 25
14 Record Flow with @ 25 Pa displayed. — CIM@25
Record n and Time Avg displayed. ___nand___ seconds of Time Average displayed.
15 Record Flow Direction ___flowinto ducts, __ out of the ducts
16 Record CFM/100 sq ft — CFM/100sq ft
Maximum Allowable duct leakage
17 __Post Construction: 12 CFM/100 sq ft __ Pass, ___ Fail
__Rough in Air handler installed: 6 CFM/100 sq ft
__Rough in Air handler not installed: 4 CFM/100 sq ft
18 Remove tape, turn HVAC equipment back ON Return home to state you found it in

Recording form based on IECC 2009
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Total Duct Leakage Test Form (CA)

Test date: /20

Digital gauge Serial #

Phone:

Fan Model Fan Serial #
Address: Contact:
Technician:

The DucTester measures the total leakage of a duct system by pressurizing all ducts to 25 Pascals with the air-handler off

and the registers taped over.

Ste N . _—
*p Detailed Description of the Step

1 Position DucTester near return Ensure the flex will reach the return grill

2 Turn Air-handler off Put your car keys beside the switch

3 Remove the furnace filter Cover filter opening

4 Attach Flange + flex to return register . or _access door in the air handler

6 Insert blue tube in a supply register

7 Seal all other registers Do NOT seal to the wall or ceiling.

8 Open doors or windows

9 Connect the DucTester ___yellow tube, __ power cord, __ speed control, __green tube.

10 Connect the DM-2

11 Turn on and set up the DM-2

12 Create a 25 Pa pressure in the ducts

13 Range Configuration _ Low 1” nozzle, _ Mid 2” nozzle, _ Open inlet.

14 Record Flow and Pressure CFM, ___ Pa with NO @ Pressure displayed.
Record Flow with @ 25 Pa displayed. Record n —CFM, _ @ 25 feature used.
and Time Avg displayed. ___nand___ seconds of Time Average displayed.

15 ) . . .
Record Flow Direction ___pressurize with flow into ducts, __depressurize

16 Maximum Allowable duct leakage (per next CFM, __ Pass, ___Fail.
page) is:

17 Remove tape Remove tape from registers.

18 Turn HVAC equipment back ON Re-install the furnace filter and turn all HVAC equipment back ON

Recording form based on CA Title 24
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New duct systems must leak less than 6% of the air handler’s flow.

Maximum allowable duct tester measurement based on 3 different base system air handler flow is:

For A/C systems multiply the Tonnage X 24 CFM. TONNAGE _ X24= CFM

Assumes 400 CFM per Ton with maximum allowable leakage of 6% = 24
CFM per Ton.

E.g. a5 Ton system must have 5 X 24 = 120 CFM of leakage or less at a 25 Pa test pressure in the supplies.

For Heating systems divide the BTU /1000 X 1.302 CFM. BTU /1000 X 1.302 =

Assumes 21.7 CFM per 1000 BTU capacity with maximum allowable —CFM

leakage of 6% = 1.302 CFM per 1000 BTU.
E.g. a 100,000 BTU furnace must have 100,000 / 1000 X 1.302 = 132 CFM of leakage or less.

Measure the fan flow divided by 100 X 6. Measured fan flow /100X 6=
CFM

E.g. an air-handler blower flow of 2000 CFM must have 2000 / 100 X 6 = 120 CFM of leakage or less.

Existing duct systems must leak less than 15% of the air handler’s flow.

The Maximum allowable duct tester measurement based on 3 different base system air handler flow is:

For A/C systems multiply the Tonnage X 60 CFM. TONNAGE __ X60=

Assumes 400 CFM per Ton with maximum allowable leakage of 15% = 60 CFM

CFM per Ton.

E.g. a5 Ton system must have 5 X 60 = 300 CFM of leakage or less at a 25 Pa test pressure in the supplies.

For Heating systems divide the BTU /1000 X 3.255 CFM. BTU /1000 X 3.255 =

Assumes 21.7 CFM per 1000 BTU capacity with maximum allowable leakage — M

of 15% = 1.302 CFM per 1000 BTU.
E.g. a 100,000 BTU furnace must have 100,000 / 1000 X 3.255 = 326 CFM of leakage or less.

Measure the fan flow divided by 100 X 15. Measured fan flow /100X 15 =
CFM

E.g. an air-handler blower flow of 2000 CFM must have 2000 / 100 X 15 = 300 CFM of leakage or less.
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Glossary

Term

Definition

ACH50
or ACH @ 50 Pa

Designation for “Air Changes at 50 Pa.” Can be calculated by taking CFM50 x 60 minutes/ hour, and dividing by the
house volume

Aluminum Frame

Describes a frame over which cloth is stretched to provide a Door Panel closure for air leakage testing in buildings

Baseline pressure

Pressure that exists when the enclosure has been prepared for the test, but before the fan is activated. There is
always some Baseline pressure due to stack, wind, flues and active HVAC systems. There are two components of
Baseline pressure. A fixed Baseline offset (usually due to stack or HVAC) and a fluctuating pressure (usually due to
wind or elevator operation). A method determining Baseline pressure is by having a digital gauge accumulate
readings over an adjustable time period

(Note: The terms “static pressure”, “bias pressure,” and “zero Fan Pressure difference” are used interchangeably
with the term Baseline Pressure in other documents/standards used in the industry.)

Blower The Retrotec fan unit that induces air flow and provides a Fan Pressure signal from which flow is measured.
CFM Units: Cubic feet per minute (the units of volumetric flow)
CFM50 CFM @ 50 Pa is the flow rate, in cubic feet per minute, required to depressurize/pressurize the building to 50

or CFM @ 50 Pa

Pascals.

Conditioned Space

An area or volume that is normally air-conditioned or heated (i.e., inside the thermal envelope). Even though
supply ducts may not discharge directly into these spaces, they are considered “conditioned” if their temperature
follows indoor temperature closer than outdoor. (e.g., Any space maintained above 50°F in winter and below 80°F
in summer)

Control port

Ethernet port on a Retrotec fan, labeled “Control”

Depressurization

The process of creating a negative pressure in the enclosure by blowing air out of it. Air is drawn in from outside to
replace it, showing up as “geysers” when checked with an air current tester.

digital gauge

A gauge with an electronic pressure sensor and digital display that is capable of reading in tenths of a Pascal.

DOE

U.S. Department of Energy

Blower Door

A test instrument that fits into an open doorway in order to pressurize or depressurize an enclosure. Itis a
calibrated fan capable of measuring air-flow, and is used while mounting it into a doorway.

A Blower Door is often called a “Door Fan” or an “Infiltrometer™”. Door Fan is more linguistically correct than the
common term “blower door.” Since it is not a “door,” but rather a “fan” and since it does not use a “blower.” a
more correct term is Door Fan.

Door Panel

A solid or flexible panel used to temporarily seal off a door way while allowing for the installation of a fan for the
purpose of blowing air into the building in order to measure the air leakage rate or to provide a pressure to assist
in the location of air leaks.

effective leakage area

A common term used to describe air flow at a pressure by equating it to an equivalent size hole in an elliptical
nozzle that would pass the same air flow at the same test pressure. It is usually referenced to 4 Pa and
incorporates a 1.0 discharge coefficient. It is typically about half the size of an equivalent leakage area that
describes the same air flow rate. See ASTM E779-10, eq. (5).

enclosure The surface bounding a volume, which is connected to outdoors directly. For example an apartment whose only
access to outdoors was through a doorway that leads directly outdoors. If a building contains a series of
apartments or offices whose only access to the outdoors is through a common hallway then the enclosure would
be the volume that bounds all of the apartments or offices.

Envelope The surfaces composed of floor and walls and floors that separate the test volume from volume surrounding the

test volume. Also see “enclosure”

Equivalent Leakage Area
(ELA or EqLA)

In layman’s terms, the ELA is the size of hole we’d have if all the building’s cracks and holes could somehow be
brought together. Also called: Whole Room Leakage and includes leaks through the ceiling and below the ceiling
(BCLA).

In Engineer’s terms: the equivalent size of hole required in a flat plate to give the same flow rate having a discharge
coefficient of 0.61 and taken at the Reference Pressure.

This ELA is sometimes called the EqLA or Canadian ELA because it was first used in the Canadian GSB air leakage
standard for houses. This ELA enjoys worldwide acceptance by most testers, even in the US.

This ELA should not be confused with another ELA that is often called the EfLA or Effective Leakage Area. It is very
unfortunate that both these ELA’s have the same acronym of ELA. The EfLA was developed for the US ASTM
Standard and is smaller than the EqLA by at least a factor of 0.61 because it uses a discharge coefficient of 1.0. This
EfLA is sometimes called the LBL or Lawrence Berkley Labs ELA because it was developed there and is used in the
LBL natural Air Change model that enjoys wide usage apart from that usage, the EfLA is not used very much but the
existence of both can create huge problems that are totally lost on some users.
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Term

Definition

When it is taken at a Reference Pressure of 75 Pa, it is often referred to as EQLA75. EqLA is typically about twice
the size of an effective leakage area that describes the same air flow rate. See ASTM E779-10, eq. (5).

Fan Pressure

The pressure difference between the inlet side of the fan and the interior of the fan.. This pressure can be read as
“PrB” from Channel B on the gauge. It is used by the computer to calculate the air flow rate through the Blower
Door.

Fan Top Part on the fan where the fan’s tubing, Control Cable, and power connections are.
The Fan Top for the Model 200 refers to the two mounted red plates attached to the sides of the fan. Attached
behind them are Printed Circuit Boards (PCBs). In this manual, we will refer to the “Control PCB assembly” as the
one that has “Control” printed on the mounting plate. We will refer to the “Power PCB assembly” as the one with
the power switch on it, and has “Mains Power” printed on it.

HVAC Heating Ventilating and Air conditioning.

Leakage A general term used to describe holes or the area of holes in in the envelope around an enclosure.

Leakage Area This is the same as “Leakage” but expressed in sq ft or m”.

LEED Leadership in Energy and Environmental Design

Low-Flow Cloth Door Panel

Cloth Door Panel used to test tight enclosures with a Model 200 fan

Manual Speed Control Knob

The dial that is on a Fan Top to control fan speed

Open Range

A Range configuration on a Retrotec Blower Door that has no Range Rings or Range Plates attached. Itis
sometimes referred to as Open (22) Range since it’s diameter is 22 inches.

outdoors

Outside the building in the area around the building.

Pascal (Pa)

Often shown as “Pa”. A very small metric unit of pressure. There are 249 Pascals in 1 inch Water Column (the
pressure required to push water up 1 inch in a tube). One Pascal = 0.000145 psi.

Pressurization

The process of creating a positive pressure in the house by blowing air into the enclosure. Air is pushed out
through all the leaks, causing the smoke to move away from the operator when checked with an air current tester.

Range Plate The Range attachment on the Retrotec Door, which holds Ranges C8, C6, C4, C3, C2, C1, L4, L2, and L1. See
Retrotec’s Range Configuration QuickGuide.

Range Ring The plastic Range attachments on the Retrotec Blower Door, which include Range A and Range B. See Retrotec’s
Range Configuration QuickGuide. On the DucTester, Range rings are called Mid and Low.

reading A set of simultaneous Room Pressure and Fan Pressure measurements. Sometimes referred to as a data set or test

point because it is plotted as one point on a graph.

reference pressure

The pressure at which the ELA is calculated, usually at the test pressure.

room

See “Enclosure”.

room pressure

The pressure difference created by the Blower Door between inside and outside of the enclosure. This pressure is
commonly measured by Channel A on the gauge.
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