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NOTICE

The information contained in this document is subject to change without notice.

Thunder Scientific Corporation makes no warranties, either express or implied,
regarding the keystroke procedures and program, or the fitness of these
procedures or program for a particular purpose. The keystroke procedures are
made available solely on an "as is" basis and the entire risk as to their quality
and performance rests with the user. Thunder Scientific Corporation shall not be
liable for any incidental or consequential damages in connection with or arising
out of the furnishing, use, or performance of the keystroke procedures or
program.

©1993-2007 Thunder Scientific Corporation
623 Wyoming SE
Albuquerque, NM 87123, USA

This document contains proprietary information, which is protected by copyright.
All rights are reserved. No part of this manual or the HumiCalc® software may be
reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopying and recording, for any purpose without the prior written
consent of Thunder Scientific Corporation.

HumiCalc is a registered trademark of Thunder Scientific Corporation.

Windows, Vista, XP and Excel are registered trademarks of Microsoft Corporation.

Adobe and Adobe Acrobat are registered trademarks of Adobe Systems Incorporated
("Adobe") .
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WARRANTY

HumiCalc 1is warranted by Thunder Scientific Corporation to be free from defects
in material and workmanship for a period of twelve (12) months from date of
original purchase.

During the warranty period, we will at no charge, repair or replace, at our
option, any product that proves to be defective, provided you return the product
to Thunder Scientific Corporation, shipping prepaid. This warranty does not
apply to any product that has been damaged by accident or misuse, or that has
been repaired, serviced, altered, or modified by anyone other than an authorized
representative of Thunder Scientific Corporation.

Thunder Scientific Corporation shall not Dbe 1liable for any consequential,
special, incidental, direct or other damage, loss, or expense, arising out of or
connected with the manufacture, packaging, storage, delivery (including any delay
in or failure to deliver), or use of any products, whether or not resulting from
negligence or breach of contract, except to the extent that those items sold and
warranted by Thunder Scientific Corporation shall be repaired or replaced in
accordance with the previously stated terms of this warranty contract. The
repair or replacement of a product is your exclusive remedy. THUNDER SCIENTIFIC
CORPORATION MAKES NO OTHER WARRANTY OR REPRESENTATION OF ANY KIND, EXPRESS OR
IMPLIED, AND NO WARRANTY SHALL BE IMPLIED BY LAW.

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 3



TABLE OF CONTENTS

HUMICALC® WITH UNCERTAINTY REFERENCE MANUAL .......cccoovviiiieie s 1
AV [0 T TP T R TPPPUPRTP 1
N0 1 o =TSPTSRO 2
WV ARRANTY oottt ettt ettt ettt ettt ettt ekttt ekt e ekt e e Ee £ o4 b e £ e e m b e e e s Rt e e e e m b et e sab e e e nnb e e e anneeenneas 3
TABLE OF CONTENTS .ttttittsttsteeseete st steste e sseaseestesaesbe st sbesbeabeese e e e sbenbesbesbeabeeneeseen e benbenbesbesbenreas 4
INTRODUGCTION ..ttt ittt ettt etttk et e et et e e ket e et e e e ab e e e e sb et e eab et e esb e e e nnb e e e nnb e e e nneeannes 10
WHAT'S IN THIS IMANUAL ...ttt sttt bbbt bbbt a e na ettt 11

GETTING STARTED ..ottt sttt et saentesrenneene e 12
HUMICALC MINIMUM SYSTEM REQUIREMENTS ....cvitiiiitisiisseeseeeestestesiesiessessesseessesseseessessesseas 12
INSTALLING HUMICALC ......eitii ittt ettt ettt ittt et e e nbeesbne et 12
STARTING HUMICALC ...ttt sttt b bbbt ettt bbb ans 13

OPERATION ..ottt s e s et e e et e s tesbesbeeteeneesa et e sentestesrenneareas 15
IMEENU BAR ..ttt sttt ettt b ket b bbbt e bt s a8t e s bbbt e bt e bt e b e et e b et e nbenbenbeere s 15

FHIE IMIBNU ...ttt s e be et eere e s be e e eneesbeeneenneenreaneeas 15
L= T OO P PR PR 15
(@] o =T TP T TR TSP PPPPRPP 16
SAVE SOIULION ...ttt bbbt e b et e sbenbenbenre s 16
EXPOIT SOIULION ...t 16
RECOIM ...ttt bbbt e e bt e s e et ettt bt reenes 16
L PSPPSR 16

(@] o1 o] g T3 1Y =T 3T SRS 17
HUMICAIC IMOTE........e ettt ettt sre e e e sree e 17

CONVEISION ONIY ..ottt ettt e e te e sae e sre e 17
Conversion With UNCEIMAINTY ..........cooiiiiiiiiieicieee e 17
Conversion With AS FOUNT EFTOT ........cccoiiiiiieieieiese e 17
Saturation Vapor Pressure EQUALION ..........ccoiiiiiiiireiieieie s 18
Y0 0] 1 = o [ SRR 18
WEXIEBITHAIAY ... 18
Psychrometer COBTFICIENT.........coi i 18
=Y - S STS 18
(@] 1T SRS UR PR PRRN 18
UNCEITAINTY ...ttt bbbkttt et bbb 18
Generator CoNFIQUIALION ........cociiiicie e 19
Individual or Single Pressure Transducer or Temperature Probes ..........ccccocvvrvnene. 19
Set Saturator EFfiCIBNCY .....c.ooouiiiecec e 19

HEIP MBINUL ... bbbttt ettt bbb b ene s 19
[ 1= [T 1 o] [ PSPPI 19
Thunder Scientific 0N the WED .........ccvoiie e 19
About HumiCalc With UNCEIAINTY ........cccviiiiiiiecic e 20
L= 7SSOSR 20

CONFIGURATION ...uttiitttestee et e stee et sie e et e eke e e bt e s as e et e e eh e e e ke s R b e et e e e ae e e be e eab e e beeamseenbeeanbeeabneanneans 21
TEMPEFATUIE SCAIE ... et 21
EQUITIDITUM OVET ...ttt 21

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 4



(081 ¢ g 1] G CT: LT 22

ApPlY ENhanCemMENt FACIOIS .......oiuiiiiiiiece e 22
1Yo TSP PP RPTO T PRTRPRRON 22
I\ o] 10 - 1 OSSR 22
TWWO PIESSUIE ...ttt etttk e e e bt e st e b e e e e e b e e anneenreennneen 22
TWO TEMPEIALUIE ...ttt sr e e sre e ene e 23
KINOWIN <.ttt ettt s b e e st e R e s e e s R e e e b e e b e e nn e e nne e anneennnas 24
KCNOWN VALUES ...ttt ettt ettt ekt e ekt e ekt e e ket e et e e e e m e e e emb et e am e e e nmbe e e nnb e e e nneeea 24
KNOWN VAIUES ONIY....oiiiiiiicciee ettt ettt raeeenneenreanee s 24
Known Values With UNCEITAINTY .........c.ooiiiiiiiiiiieieeee e 25
Individual Components of UNCErtainty...........ccceeveiieiicieiiese e 25
Dol ] o] (o]0 TP T TP PP PR PRSI 26

O Tor=T - LSS 26
Y- |11 OSSR 26
Percent Of FUII SCAIE .........coiiiiiiee e 27
Percent Of REATING .....c.oiviiiiiiiiiieiee et 27
OO TP SO PP PR RPN 27
D113 (] o111 o] oSSR 27
Degrees Of FrEEAOM ......c.eiii et 28
EVAIUALION ...t sttt et nre e 28
Combined Standard UNCErtainty ...........cccoiveiiiiieiieie e 28
Effective Degrees of FIEEAOIM ..o 28
Known Values With AS FOUNT EFTOF ........cccoiiiiiiiieieieese e 28
AS FOUND EITOX .ottt sttt st e ne e be et esneenreeneenreenreanee s 28
Standard OF RETEIENCE ... ...c.viieieece e bbb 29

O LT g0 T I S T 29

B O et ne e 29

L ] T TP PP PPRTRTPPPRPPIN 30
=] 0] 0 L=] = LU PRSP 30
VAPOT PIESSUIE ...ttt m et me e et nne e e nne e e e nnes 31
Density and Absolute HUMIGILY .........ccvoiiiiiice e 31
ENENAIDY ..t 31
CALCULATED VALUES ... etttitttetee ettt ettt et e sie e be e ais e bt e s s e e be e e se e e bt e sabe e be e enseenbeeanbeenbneanneens 32
Calculated ValueS ONY .......cc.oiiiiiiie e 32
Calculated Values With UNCErtaiNty ...........cccveiiiiiiiieiice e 33
EXPanded UNCEITAINTY .........coiiiiiieieieste et 33
CONTIABNCE ... bbbttt et sbe b besreereas 34

T e tterue e ereerreeeeeteetesteereee e eeeeaEeateateeteseeeteeaeeEe e ee et eateteateateteere e e e eae et eteseetenrenreraenas 34
Expanded Combined UNCEMAINTY ........c.ccoveiiiiiiie e 34
Effective Degrees Of FIrEEAOIM ........ccoiiiiiiiiiieieie e 34
Open iN @ NEW WOTKSNEEL ..........ooiieiie e 35
Calculated Values With AS FOUNT EFTOF.......c.ccviiiieiieie e 35
AS FOUND EITOX .ottt sttt et nb e 36
Standard OF RETEIENCE.........voii ettt aeeree e 36
UNIE UNGEE TEST .ttt sttt ettt et nne e e 37
(0] O TP 37

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 5



SPECIAL CONDITIONS . ... it s a b 37

(O8] [o11] Fo ([0 ] - LTSRS 37
Green ChECK MK .........oiiieie et nne s 37
YElOW CRECK IMAIK ......cceiiiieiiieiece et 37
Red QUESTION IMIAIK ......cvviiiiiciie ettt ettt s e e st e s e e b e e s abe e saeeebeenreas 38

LA oL T L0 o ST P PP P PP UT TP TPTURPRURPROON 38
-1 o 10 - A o] o SRS 38
EQUIlIDrium OVEr 1S SEE T0 WK ... e 39
Apply Enhancement Factors is not checked ..o 40
Enhancement Factor not appliCable ... 40

WORKSHEETS ...t bbbt bbbttt nb e bbb s 41
IMIENU BAR ...ttt ekt e e bt e ekt e £kt e et et e e m b e e e amb et e embe e e embe e e anbeeenneean 41

FHIE IMIBNU ..ttt bbbt b e bttt s et et e bt nbesbenneereas 42
OPEN WOTKSNEEL. ...t ere s 42
SAVE WOTKSNEEL ...ttt b nre s 42
PO e 42
| PSSP 42

HEIP MBINUL ...ttt sttt naeeneas 42
[ =T T 0 ] SRRSO 43
Thunder Scientific 0N the WED .........coviiie e 43
About HumiCalc With UNCEraiNty ...........cccviieiieieiie e 43

=y Y|P PTR PSPPI 43
= o] ] 01 o o PSSRSO 43
UNCEITAINTY ...ttt b bbbttt et b e bbb et eene s 44

TP O PR 44

I3 €101 UL AT o USSR 44

Degrees Of FIreEUOM.........cvi et re e e are e e 44

V7 11U U1 o] oSSR 44

0] (=TSO TSRO T TP PPPPRUPPTO 44

RIGHT SIDE ...ttt ettt ettt e s bttt e e b et e st e e s he e e beeebe e et e e nreeenbeenneas 45
Combined Standard UNCEIAINTY ..........cccoouiiiiiiiiciic e 45
(@0 11T 1= o o S R 45

OO 46
Expanded Combined UNCEITAINTY ..........coiiiiiiiiiieieceesie e 46
Effective Degrees of FIreedOM.........ccoooviiiiiee e 46
EXAIMPLES ...ttt ettt Re Rt e r et e reeneene e 47

CONVERSION EXAMPLES. ....c.uttitiiiitesiee sttt ettt ettt sse e be e s e e e b e s e e beeanseesbeeanbeesnneanneen 47

Frost Point Control with a Two Temperature GENerator............coovvveeeierenenese s 47
(@001 10T -1 o] o ISP 47
O] TSRS 48
KINOWN WAIUES......oniiieiiee ettt ettt et n et et neenne s 48
Perform the CalCUIAtIONS..........couv i e 48
RESUIES ...ttt ettt bttt es 48

Dewpoint Control in @ TWO Pressure GENEIrator...........cocvverererirenisieieiese e 49
(@001 110 -1 o] o ISP 49

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 6



KINOWIN WAIUES.... .ottt ettt e n e be e e e neesneees 49
Perform the CalCUIAtIONS..........ccuviiiiiee e 49
RESUIES ...ttt bt r et nreees 50
Converting %RH to a New Pressure and TEMPErature...........cccvevevvevesieeseeseseeseesee e 50
CONTIGUIALTION ...ttt n bbb b 50
0TSSR 50
Known Values at the Initial Pressure and TEMPErature............coovvveieieienenc e 51
Perform the CalCUIAtIONS..........couv i 51
Change ConFIGUIATION ........c.oiuiiiiiiieie e 51
Known Values at the new Pressure and TemMPerature ..........ccccceveeveevvereeiesieesesieeseenns 51
Perform the CalCUIAtIONS. .........oouiiiiice e 52
T | SRS 52
Converting Frost Point t0 @ NEW PreSSUIE..........c.ooiiiiiiieieiesie e 52
(@00 ) o[0T Lu o] ST S R 52
O TSRS 53
KINOWIN WAIUES......ccuviiiiecie ettt ettt st e st e et e e e b e e teene e s beeteaneesreens 53
Perform the CalCUIAtIONS. .........cov i 53
RESUILS ...ttt et et et e e e e e a e et e r e e ra e re e e nreern 54
Determining %RH in & TWO Pressure GeNErator..........c.coovoererirenieieieieesie e 54
(@00 ) T[0T La o] USSR 54
O] TSRS 55
Known Values at Chamber TEMPEratUre..........cccveveiieiieie e 55
Perform the CalCUIAtIONS. .........coui i e 55
RESUILS ...ttt et et et e e e e e a e et e r e e ra e re e e nreern 55
Known Values inside the Unit under TeST........cccvoviieiieie e 56
Perform the CalCUlAtioNS..........cc.ooiiiiee e e 56
LS | SRS 56
Determining Frost Point and PPMw of @ Dehydrator ............c.ccccovviieiieiiiic e 56
CONTIGUIALTION ...ttt n et bbb b 57
LT £SO 57
KINOWIN WAIUES.... .ottt sttt et te e nreeteeneesre e e aneenneees 57
Perform the CalCUAtioNS..........cc.oiiiiiee e 57
LTS | SRS 58
Wet Bulb/Dry Bulb PSYChIOMELEN.........ceiiiieee ettt 58
CONTIGUIALTION ...ttt n et bbb b 58
(@0 ) T[0T LA o] ISR 58
O] TSRS 59
KNOWN VAIUES. ...ttt ettt e s e e b e e be e saeeanbeeareas 59
Perform the CalCUIAtIONS..........couv i 59
RESUIES ...t e et e e b e aa e ee e e e ares 59
Wet Bulb Controlled RH GENEFALOX .........ccceeveiieiieie et ie et ie e 60
(@001 10T -1 o] o ISP 60
CONTIGUIALTION ...t bbbttt e st bbb nbe s 60
O ] TP SRR 60
KINOWN WAIUES......ecuveieiesieee ettt et e e e st e sra et e eneesnaeteanensneeen 61

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 7



Perform the CalCUIATIONS. ........coo ettt e e e e e e e e e e eees 61

RESUIES ...ttt ettt nr et n e re et nreers 61
UNCERTAINTY EXAMPLES ..ottiuiiiiittite sttt sttt bbbttt st nbesneeneas 62
Simple Chilled Mirror 0RH UNCEIAINTY .........c.oiiiiiiiieicieiesie e 62
(@10 ) T[0T LA o] PR 62

O TSRS 62
KINOWIN WAIUES......ccuiiiiiccieee ettt ettt e te et et e ste e teeneesra e teaneesneees 63
KNOWN UNCEIAINTY ValUES........coiiiiiiiieiiee e 63
Perform the CalCUIAtIONS..........cc.viiiiiee e 63
RESUIES ...ttt bt n e bt neenreees 64
Detailed UNCertainty RESUILS .........cccveiieiiiie e 64
Complex Chilled Mirror 0RH UNCEIAINTY..........ooiiiiiiieieieie e 67
(@10 ) T[0T LA o] SR 67

O TSRS 67
KINOWIN WAIUES......ccuviiiieieeie ettt ettt sttt e te e et e e teese e s be e beaneesneees 68
Individual Components of UNCEIAINTY.........c.coiiiiiiiiiieiese e 68
Perform the CalCUAtioNS..........cc.oiiiiieicc e 72
TS | SRS 72
Detailed UNcertainty RESUILS .........ccviiiiircccic e 73
Two-Pressure Generator %RH UNCEIaINtY.........ccoovvieiiiiiiieiceee e 74
(@00 ) T[0T La o] USSR 74

O] TSRS 74
KINOWIN WAIUES......ocutiiiiiieeie ettt sttt e te et e saaesteereesbeete e e e sreenas 75
Individual Components 0f UNCEIAINTY.........c.coiiiiiiiiiieiese e 75
Perform the CalCUAtioNS..........cc.oiiiiiiicc e e 81
RESUIES ...ttt r et ne e re et neenreeen 81
Detailed UNcertainty RESUILS .........ccviiiiiiieccce e 81

AS FOUND ERROR EXAMPLES .....cciittiiiiiie ittt ettt sttt sttt ettt e s 83
Two Pressure Generator AS FOUNA EXTON .........ooviiiiieiicc e 83
CONTIGUIALTION ...ttt n et bbb b 83
LT £SO 83
KINOWIN WAIUES.... .ottt sttt et te e nreeteeneesre e e aneenneees 84

AS FOUNG EITOX .ottt et e s e steeresnaesbeenee s 84
Perform the CalCUIAtIONS. .........ccuv i 86
RESUILS ...ttt ettt e et e et e et e e a e et e r e e be e re e e areers 87
WORKSHEET EXAMPLE .....coiutiieiiiiieitie ettt ettt ettt e st e e st e s st e e snb e e e sabe e e nnbeeennneean 87
Simple Uncertainty CalCulation...............ccoiiiiiiiiiiic e 87
Create @ NEW WOIKSNEEL .......ocveeieiie et neenee e 88
Enter Individual Uncertainty COMPONENES ........c.eeiieiiieiieiie e 88
7o [0 N (0] 1SRRI 92
APPENDIIX A ettt ettt ettt R Rt E e Rt Rt et ettt eebenreereenes 93
HUMIDITY TERMS AND DEFINITIONS ...cuttiiiutiieiiieesitieasiteeasiteessieeesiseessneesnseessnseesssseesssneesnsneesns 93
HUMIDITY EQUATIONS ...ttt iiiiie ittt ettt ettt s sttt e st e st e e st e e snb e e snbae e snbaeesnaeeennaaeans 99
Wexler’s Saturation Vapor Pressure for Water ............ccccoouviiiiiiiiiieiiisieesee e 99
Wexler’s Saturation Vapor Pressure for ICe............cccccviiiiiiiiiiiiiiiiiicisseesese s 100
Sonntag’s Saturation Vapor Pressure for Water ..........cc.cccocuiviiiiieiiiiesiiie s 100

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 8



Sonntag’s Saturation Vapor Pressure fOr ICe ...........ccoouiiiiiiiiiiiiiiiiii e 101

ENRaNCemMENTt FACTON ... e et 101
RelativVe HUMIAILY........ooiiicie ettt 103
FPOSE POINT ...ttt sbe e te s et e e be e s sreeeeene e 104
DBW POINT. ...ttt bbbttt bbb e 104
Parts Per Million by VOIUME .........oovii e 104
Parts Per Million DY WEIGNT ........c.ooiiiie e 104
GraiNS Per POUNG ......c.oiiiiiieeiesie sttt sttt et naeenteeneenreenee s 104
MiXing Ratio DY VOIUME.......coiieeece ettt 105
Mixing Ratio DY WEIGNT ... e 105
ENENAIDY . nre e ae e 105
SPECITIC HUMIAILY ... 105
ADSOIULE HUMIAILY ...c.veeeeeciiciece ettt nas 105
DY ATE DBNSITY ...ttt bbbttt b e bbb b 106
IMOISE AT DENSILY ...ttt ae e sre e e s taeaeeseesreereenee e 106
VaPOr MOIE FFACLION .....c.oiviiiiiiiiicee et 106
(] A AN LY, o] T= T - Ut o SO S 106
PErcent BY VOIUME.......c.iiiiiiiiiee e bbb 106
Percent DY WEIGNT ........ooi e st 106
Wet BUID TEMPEIAIUIE ... 108
WEICH-SAttEITNWAITE ..ot ne e 108
Law of Propagation of UNCEITaINTY ...........cooeiiiiiieieienee e 108
APPENDIX B ..ottt ettt bbb bbbttt e bbb nre s 109
REFERENCES. ...ttt tutttettttesttee sttt e sttt e sttt e e s ste e e se e e e ket e e be e e aa b et e am b e e e am b e e e am b e e e aRb e e e amb e e e nnbe e e anbeeeneeeennes 109

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 9



INTRODUCTION

Welcome to HumiCalc with Uncertainty! Whether you are new to humidity
calculations or have years of experience, you will find HumiCalc to be a valuable
tool, unmatched in the humidity world. Using HumiCalc you can easily and
accurately solve complex humidity conversion and uncertainty problems, which
until now, could only be estimated using spreadsheets and calculators. Our
exclusive HumiCalc program combines powerful, iterative, numerical capabilities
with simple, user-friendly operation.

Using HumiCalc with Uncertainty you can:
@ Solve complex humidity conversion just like the original HumiCalc.
@ Calculate complex humidity uncertainty based on known uncertainty components.

@ Calculate complex humidity “As Found” error based on calibration data.
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WHAT'S IN THIS MANUAL

This manual 1s your guide to the operation of HumiCalc, and is intended to
provide you with a working knowledge of its capabilities and use.

The Getting Started section contains information on system requirements and
covers program installation.

The Operation section provides you with an overview of the HumiCalc displays,
menus and configuration options.

The Examples section has several "word problem" style samples to follow and learn
from. This section is far from being an all-inclusive list of possibilities and
is merely a small sample of some of the more common types of humidity problems
you may encounter.

Appendix A contains a list of humidity related terms and gives an explanation of
each.

Appendix B contains reference information about some of the humidity formulas and
their sources, used in HumiCalc.

This manual shows you how to perform complex humidity calculations, uncertainties
and conversions, but it doesn't teach basic Thumidity relationships or
uncertainty. We assume that vyou're already somewhat familiar with the
definitions and relationships of interest to you.

However, you don't need to understand all humidity parameters if you don't intend
to use them. Even though you may occasionally be instructed to perform a
conversion by first calculating an intermediary variable, this does not
necessarily mean that you need to understand this intermediary variable or its
relationship to your particular application.

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 11



1

GETTING STARTED

This section is intended to provide you with enough information to install
HumiCalc and start the application.

HUMICALC MINIMUM SYSTEM REQUIREMENTS

o] 1GHz Intel® Pentium® or equivalent processor

&) 256MB of RAM (512MB recommended for complex uncertainty scenarios)

&) Minimum 800 x 600 screen resolution

O Microsoft® Windows® Vista (x86 or x64); Windows XP Professional, or Home

Edition with Service Pack 2; Microsoft Windows 2000 with Service Pack 4

o] Microsoft .NET Framework version 2.0
Adobe® Acrobat® Reader
o] Microsoft Internet Explorer 6.0 or 7.0

INSTALLING HUMICALC

o Insert the HumiCalc CD or locate the downloaded HumiCalc installation
package.
o] Click the setup.exe file to begin the installer.
— L
=
setup.exe

Note: You must have administrative rights to install the application.

O Follow the on screen installer directions.

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 12



STARTING HUMICALC

Locate and double-click the HumiCalc icon.

. |

Ilstai€lte
wiidn

UIFCETETTE

The splash screen will appear once the program is initialized.
may take some time for the banner screen to be displayed after installing

the application.

The splash screen will display a loading status near the bottom,

be displayed.

Note:

It

once
loading is complete the splash screen will close and the main window will

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B
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Temperature Scale | ITS-30 -

Equilibrium Ower

Known Values (Standard u)
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Temperature |25.0 ||[0.000 [=]
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| Calculate |
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o] A HumiCalc Product Key Dialog will appear the first time HumiCalc starts if

no valid license is present.

T\ HumiCalc Product Key ﬁ

Eneter your name and company or organization

Mame:

Organization:

Enter the product key from the back of your
CD or from the email receipt of your online
purchase .

o

- ] Enter your “Name”, “Organization” and the

“Product Key”

from the back of

the HumiCalc CD case or as received in the email receipt when purchasing

HumiCalc online.

o Click Ok to save the license information.

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B
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2

OPERATION

This section provides you with detailed information relating to the layout,
configuration and use of HumiCalc. By following along, you will become familiar
with the features and configurations for HumiCalc.

MENU BAR

The Menu Bar consists of three submenu drop downs: File, Options and Help.

e HumiCalc with Uncertainty

| File  Options Help

FILE MENU

The File Menu consists of six selections: New, Open, Save Solution, Export
Solution, Record and Exit.

e HumiCalc with Uncertainty

Eile | Options Help
Mew J | Solution Ctrl+M
& Open Ctrl+0 Worksheet  Ctrl+Shift+N

Al SaveSolution  Ctrl+S E Apply Enhancement Factors [

Export Solution  Ctrl+E
Calculated Values (Expande

Record Ctrl+R

X Exit

New

The New selection consists of two choices: Solution and Worksheet.
Selecting New Solution will load an empty solution with default
configuration and data values. Selecting New Worksheet will open a new
empty worksheet. HumiCalc Solution and Worksheet files are used to store
user data entries so that they can be saved and loaded at a later date.

Warning: Selecting New Solution will result in all solution entries

being cleared. It is important to save any entries prior to using
the New Solution option 1if you desire to retain the data entered.
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Open
Selection will open a file dialog box to allow navigation to a HumiCalc
Solution or Worksheet file for loading of previously saved work.

Save Solution

Selection will open a file dialog box to allow navigation and naming of the
HumiCalc Solution file that will be saved. All current configuration and
data entries will be saved in the HumiCalc Solution file to allow the user
to load at any time in the future.

Export Solution

The Export Solution option allows the user to export the current HumiCalc
Solution into an Adobe PDF (*.pdf), Enhanced Metafile (*.emf), Excel
Workbook (*.x1s), Excel 2007 Workbook (*.xlsx), Rich Text Format (*.rtf) or
a Word 2007 Document (*.docx). Selection will open a file dialog box to
allow navigation and naming of the exported file.

Note: It 1is »required to have a Green or Yellow check mark
calculation status before exporting.

Record

Selection will begin recording all calculations. Active recording is
indicated by a red light on the “Calculate” button. During recording each
presses of the “Calculate” button will record all configuration, known,
unit and result data to a capture file in a tab delaminated format.

Calculate <

Selection of the Record menu item while recording will stop the calculation
recording and will open a file dialog box to allow navigation and naming of
the capture file containing the recorded data to be saved.

Exit

Selection will close the application.
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OPTIONS MENU

The Options Menu consists of five selections: HumiCalc Mode, Saturation
Vapor Pressure FEquation, Psychrometer Coefficient, Uncertainty and
Generator Configuration.

(= HumiCalc with Uncertainty

File | Options | Help

Confi ﬁ; HurniCalc Mode 3

Temps fie  Saturation Vapor Pressure Equation 3

Equiid &  Psychrometer Coefficient »
2] Uncertain 3

thnlj @

Sgturg I®  Generator Configuration 3

HumiCalc Mode

Selection of the HumiCalc Mode will present the user with three different
modes that HumiCalc can operate in.

|C|:ur11.rersi|:nnswith Uncertainty '|

Conversions Onl
Conversions with Uncertaini

Conversions with Az Found Errar

Conversion Only

Conversion Only mode will remove any uncertainty or error fields on
the main display and will operate only as a humidity conversion
tool. This is basically the same as the original HumiCalc.

Note: Conversions can be performed 1in any mode by simply
entering only known values and leaving either the uncertainty
or error fields blank.

Conversion with Uncertainty

Conversion with Uncertainty mode will display special uncertainty
fields on the main display next to each entry. This mode will allow
the user to calculate different humidity uncertainties based on the
entered known values and their uncertainty components. This mode is
extremely helpful when calculating uncertainty budgets or
uncertainty for calibration reports.

Conversion with As Found Error

Conversion with As Found Error mode will display special error
fields on the main display next to each entry. This mode will allow
the user to calculate “As Found Error” based on the entered known
values and their error from an entered standard or reference. This
mode is useful in identifying the effects that “As Found Error” has
on different humidity parameters.
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Saturation Vapor Pressure Equation

Selection of the Saturation Vapor Pressure Equation will present the user
with two different equations that can be used to calculate Saturation Vapor
Pressure.

Sonntag =

]

Wexler/Hardy

Sonntag
Configures HumiCalc to use Sonntag’s(6) vapor pressure formulas and
uncertainties.

Wexler/Hardy
Configures HumiCalc to use Wexler’s and Hardy’s(9) vapor pressure
formulas and uncertainties.

Psychrometer Coefficient
Selection of the Psychrometer Coefficient will present the user with two
different coefficients that can be used to calculate Wet Bulb Temperature.

Ferrel -

Other
Ferrel
Configures HumiCalc to use Ferrel’s Psychrometer coefficient for all
Wet Bulb Temperature calculations.
Other
Displays a dialog box to allow the wuser to enter a specific
Psychrometer coefficient.

Uncertainty

Selection of Uncertainty will present the user with the ability to apply or
to not apply the two types of equation uncertainty. The user can select to
apply Saturation Vapor Pressure equation uncertainty published by either
Sonntag (6) or Wexler/Hardy(l) (2) (9) (depending on which Saturation Vapor
Pressure Equation is selected) to all uncertainty calculations. The user
can also choose to apply or to not apply Enhancement Factor equation
uncertainty published by Hyland(ll) to all uncertainty calculations that
have Enhancement Factors applied.

Note: This option is only available in “Conversion with Uncertainty”
mode.

|| ~ | Apply Saturation Vapor Pressure Uncertainty

| Apply Enhancement Factor Uncertainty
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Generator Configuration

Selection of Generator Configuration will present the user with the ability
to configure HumiCalc based on different aspects of a two-pressure or two-
temperature generator.

Note: This option is only available in “Conversion with Uncertainty”
mode and when configured 1in “Iwo Pressure” or “Two Temperature”
mode.

Indvidual Pressure Transducers |*|

Individual Temperature Probes -

Set Saturator Efficiency

Individual or Single Pressure Transducer or Temperature Probes

Some generators operate with a single pressure transducer or
temperature probe that is shared between the saturator and chamber.
This option allows HumiCalc the ability to share a single
uncertainty component or to use individual wuncertainty components
between the chamber and saturator.

Set Saturator Efficiency

Selection displays a dialog box to allow the user to enter a percent
efficiency of saturation for a two-pressure or two-temperature
generator.

Note: Saturator Efficiency 1is only applied when the Known 1is
set to either Saturation Pressure or Saturation Temperature

HELP MENU

The Help Menu consists of four selections: Help Topics, Thunder Scientific
on the Web, About HumiCalc with Uncertainty and License.

&= HumiCalc with Uncertainty

File  Options Helpl

Configuration | @) Help Topics F1
(& Thunder Scientific on the Web

Temperature Scale

Equilibrium Over About HurniCalc with Uncertainty

License

Krnnwm Wshwee M

Help Topics

Selection of Help Topics will open this reference manual.

Thunder Scientific on the Web

Selection of Thunder Scientific on the Web will open Thunder Scientifics
web page, which contains the latest news, products and information from
Thunder Scientific Corporation.
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About HumiCalc with Uncertainty

Selection of About HumiCalc with Uncertainty will open an About Dialog
containing important information about the application.

License
Selection of License will open a Dialog containing the user’s current
software license. The user can

also import a purchased license file by
selecting the Import button.

r

HumiCalc License

User or Organization:
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CONFIGURATION

The Configuration frame consists of Temperature Scale, Equilibrium Over,
Carrier Gas, Enhancement Factor, Mode and Known.

Configuration
Temperature Scale  [ITS-50 hd Carmier Gas [Dry:‘\ir '] Mode ’Two Pressure ']
Equilibrium Chver Apply Enhancement Factors Known [Satumtion Pressure v]

TEMPERATURE SCALE

The Temperature Scale Drop-down is used to select either the ITS-90 or
IPTS-68 temperature scale.

Note: No temperature conversion is performed when switching from one
temperature scale to another, but different equations and or
coefficients are used based on which temperature scale is selected.

|IT5-90 v

IPTS-62
ITS-50

EQUILIBRIUM OVER

The Equilibrium Over Drop-down is used to select whether the Saturation
Vapor Pressures are calculated with respect to Water, Ice or World

Meteorological Organization [WMO] . For temperatures above freezing,
Saturation Vapor Pressure is always computed with respect to water vapor at
equilibrium over a water surface. At temperatures below freezing,
equilibrium can be over either an ice surface or a water surface. For most

calculations, equilibrium over a Water surface for test temperatures above
freezing and over an Ice surface for test temperatures below freezing
should be used.

The WMO dictates that for all test temperatures, even those below freezing,
computation is to be evaluated at equilibrium over a water surface. This
method should be used when working in the field of meteorology to conform
to the accepted reporting practices.

Note: WMO is only available in Two Pressure or Two Temperature Mode.
In Normal mode simply use Water.

Water -

lce
WMO
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CARRIER GAS

The Carrier Gas Drop-down is used to select the carrier gas used. The
choices are Dry Air, Nitrogen, and Other. If Other is selected, then the
user 1is asked for a molecular weight for the carrier gas.

Warning: The use of Enhancement Factors may not be applicable when
using a carrier gas other than Dry Air or Nitrogen.

Dry Air -

[
Mitrogen
Cther

APPLY ENHANCEMENT FACTORS

The Apply Enhancement Factors Check Box is used to toggle the wuse of
Enhancement Factors on or off during calculations. A check mark means that
enhancement factors will be applied to all calculations. The Enhancement
Factors correct for the non-ideal behavior of a gas admixed with water
vapor. The enhancement factor is a function of two independent wvariables,
pressure and temperature.

Apply Enhancement Factors

Note: HumiCalc will warn the user if a calculation is requested and
the Apply Enhancement Factors 1is not selected. This is done to make
sure the user does not want to apply Enhancement Factors since it 1is
common practice to use them for all calculations dealing with dry
air or nitrogen. On the other hand, if the user has selected
‘Other’ as the carrier gas, HumiCalc will warn the user 1f apply
Enhancement Factors 1s selected. This 1is because the enhancement
factor equations and coefficients used by the application may not be
applicable for the user entered carrier gas.

MODE

The Mode Drop-down is used to select one of three HumiCalc modes. While
similar in many respects, each mode differs slightly from the others in a
few aspects.

‘Nmmd v'

Two Pressure
Two Temperature

Normal

The Normal mode is the default mode of HumiCalc and will be used to solve a
majority of your humidity conversion problems. Normal mode is based on any
one humidity parameter at a single test temperature and test pressure.

Two Pressure

The Two Pressure mode 1is used primarily in conjunction with humidity
generators employing the fundamental principles of "Two Pressure" humidity
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generation. A Two Pressure humidity generator is one in which a gas 1is
saturated to the dew or frost point at a high, but wvariable, Saturation
Pressure. The gas 1s then expanded to Test Pressure for use. Generally,
the humidity content of the gas 1is adjusted by varying the Saturation
Pressure while the Test Pressure, Test Temperature, and Saturation
Temperature remain fixed. The Two Pressure mode is useful in determining
all humidity parameters at a given Test Temperature and Test Pressure when
the Saturation Temperature and Saturation Pressure are known. Conversely,
it will calculate the Saturation Pressure required (at a given Saturation
Temperature) providing a known humidity value at the Test Temperature and
Test Pressure.

Two Temperature

The Two Temperature mode 1is primarily used in conjunction with humidity
generators employing the fundamental principles of "Two Temperature"
humidity generation. A two temperature humidity generator is one in which
gas 1s saturated to the dew or frost point at a cold, but wvariable,
Saturation Temperature. The gas is then warmed to Test Temperature for
use. Generally, the humidity content of the gas is adjusted by varying the
Saturation Temperature while the Test Temperature, Test Pressure, and
Saturation Pressure remain fixed. The Two Temperature Mode is useful in
determining all humidity parameters at a given Test Temperature and Test
Pressure when the Saturation Temperature and Saturation Pressure are known.
Conversely, it will calculate the Saturation Temperature required (at a
given Saturation Pressure) providing a known humidity wvalue at the Test
Temperature and Test Pressure.

Note: Although the Two Temperature and Two Pressure modes appear
identical, the Two Temperature mode may be used to calculate
Saturation Temperature at a known Saturation Pressure, while Two
Pressure mode may be used to calculate Saturation Pressure at a
known Saturation Temperature. Therefore, Two Temperature mode always
requires Saturation Pressure as one of 1its known inputs, and Two
Pressure mode always requires Saturation Temperature, as one of 1its
known inputs. With this exception, Two Temperature and Two Pressure
modes are identical.

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 23



KNOWN

The Known Drop-down 1is used to select the known humidity parameter.
HumiCalc requires you to know at least one humidity related parameter in
order for it to calculate the others. The parameter chosen then appears
as the top item in the Known Values frame.

[Dew Point v)
%RH

Frost Pairt ’
PPMv

PP Mw

Grains/b

Enthalpy

SVPETd

Specific Humidity
Absaolute Humidity

Dy Air Density

Maist Air Density

Wet Bulb Temperature
Mixing Ratio by Yolume
Midng Ratio by Weight
Percent by Volume
Percent by Weight
Vapor Mole Fraction
Dy Air Mole Fraction

KNOWN VALUES

The Known Values frame consists of user enterable known items. Depending on the

HumiCalc Mode, the Known Values frame may also display uncertainty or error
values for each known.

KNOWN VALUES ONLY

In the Conversion Only mode the known value fields are displayed without
any uncertainty or error field.

Known Values
Dew Point 10.0

Temperature | 250

Pressure 101325.0

Calculate
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KNOWN VALUES WITH UNCERTAINTY

In the Conversion with Uncertainty mode an uncertainty field follows each

known wvalue field. As stated in the title, the uncertainty displayed is
the standard combined uncertainty (uc) entered by the user for the specific
known.

Note: Refer to NIST Technical Note 1297 “Guidelines for Evaluating
and Expressing the Uncertainty of NIST Measurement Results” for
further information on standard combined uncertainty.

Known Values (Standard u)

Dew Paint 10 +0.000 [=]
Temperature | 250 +H1.000 [:]
Pressure 101325.0 +0.000 [=]

Calculate ]

Individual Components of Uncertainty
Each uncertainty field can be expanded using the drop down arrow at the
right end of the field.

Known Values (Standard u)

Dew Point 10.0 +) 000

Temperature | 250 1000 [:]
Pressure 101325.0 0000 [=]
Calculate l

Once clicked, a drop down form appears that allows the user to enter
individual components of uncertainty for the given known value.

Note: See the example section of this document for detailed examples
of entering individual components of uncertainty.
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Individual Dew Point Components of Uncertainty

Description: | | | Dew Point |
Uncertainty: | 5] = Description Uncertainty (£ k= | Distribution | Degrees of Freedom| Evaluation
-
Distribution: | Noml v
Degrees o Fredo:
Evaluation: |Type B -
Combined Standard Uncertainty: | £0.000 |
Effective Degrees of Freedom: Infinity Lok |
Description

The Description field allows the user to enter a unique description
of uncertainty component.

Recommendation: Try to enter descriptions that include the
given known values name. Like Dew Point or Test Temperature.
This will help later when viewing the different calculated
humidity parameter’s uncertainties.

Uncertainty
The Uncertainty field allows the wuser to directly enter the
component’s uncertainty value. The Uncertainty field can also be

expanded using the drop down arrow at the right end of the field.

Description: | |
Uncertainty: =1 B
-

Distribution: [Nmai v]
.
Evaluation: Pﬁp&ﬂ ']

Once clicked, a drop down form appears that allows the user to
select from three different types of uncertainty for the given known
value.

+Value

This is a standard uncertainty value for the component. This is the
same as directly entering a value in the uncertainty field on the
previous drop down.
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+ Value 0

[] % of Full Scale

] % of Reading

Percent of Full Scale

This is a standard uncertainty value based as a percent of the given
full scale wvalue. For example, let say vyou have a pressure
transducer that publishes an uncertainty of £0.05% of full scale
with a full range of 150 psia. You would enter these numbers into
HumiCalc with Uncertainty as follows:

[] + Value +0.05 Percent of 150

[¥] % of Full Scale

[] % of Reading

Percent of Reading

This 1is a standard uncertainty value based as a percent of the
selected reading. The user can select from any of the current known
values and can also perform simple addition or subtraction of any
two known values. For example, let say you have a dew point
uncertainty component that you have determined to be 0.02% of the
temperature difference Dbetween the Test Temperature and the Dew
point Temperature. You would enter this into HumiCalc with
Uncertainty as follows:

] + Value +0.02 Percent of | Temperature -

[] % of Full Scale Minus () || Dew Point -|

e

Note: HumiCalc with Uncertainty will automatically recalculate
percent of reading uncertainty components anytime the selected
known changes.

k=
The k= field allows the user to enter the “k” factor or coverage
factor for the entered component’s uncertainty value.

Distribution
The Distribution field allows the wuser to select the type of
distribution for the entered component’s uncertainty value.
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Degrees of Freedom

The Degrees of Freedom field allows the user to enter the degrees of
freedom, which depends on the size of the sample for the entered
component’s uncertainty value.

Evaluation
The Evaluation field allows the user to select either a Type A or
Type B for the entered component’s uncertainty value.

Note: The evaluation type has no effect on the calculation of
uncertainty and is supplied solely to assist the user. This 1is
especially helpful when following published guidelines such as
the NIST Technical Note 1297 “Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results”.

Combined Standard Uncertainty

The Combined Standard Uncertainty field displays the combined
standard uncertainty (uc.) for the entered uncertainty components.
This is the same value as displayed on the main form but with higher
resolution.

Effective Degrees of Freedom

The Effective Degrees of Freedom field displays the calculated
“Effective Degrees of Freedom” for the combined standard uncertainty
using the Welch-Satterthwaite formula.

KNOWN VALUES WITH AS FOUND ERROR

In the Conversion with As Found Error mode an error field follows each
known value field.

Known Values (A= Found Emor)

Dew Poirt 10.0 +0.000 El
Temperature |25 0 +0.000 [:]
Pressure  [101325.0 +0.000 [w]
Calculate l

As Found Error

Each error field can be expanded using the drop down arrow at the right end
of the field.
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Known Values (As Found Bror)

Dew Poirt  [10.0 +0.000

Temperature |25 0 +{.000 [:]
Pressure 101325.0 0000 [=]
Calculate l

Once clicked, a drop down form appears that allows the user to calculate
the As Found Error based on a given standard or reference and the unit
under test’s (UUT) reading.

Note: See the example section of this document for detailed examples
of calculating as found error.

Dew Point As Found Data

Standard or Reference: 10.0 =
[=]

Unit Under Test: 5.58

Error: |-0.07

Standard or Reference
The Standard or Reference field allows the wuser to enter the
standard or reference reading.

Unit under Test
The Unit under Test or UUT field allows the user to enter the units
reading when at the standard or reference.

Error

The Error field displays the difference between the standard or
reference and the unit under test. This is the calculated “As Found
Error”.
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UNITS

The Units frame consists of user selectable units. All values in HumiCalc will
be expressed in the selected units. Any time units are changed all affected
values are updated.

Units

Temperature
Pressure

Vapor Pressure

[
4

Density and Abs Humidity | g/m™3 -

Enthalpy Jfg -

TEMPERATURE

The Temperature drop-down list box allows the user to select the desired
temperature unit. All temperature values, such as Test Temperature, Frost
Point, Dew Point, etc. will update to the new selected unit.

PRESSURE

The Pressure drop-down list box allows the user to select the desired
pressure unit. All pressure values, such as Test Pressure and Saturation
Pressure, will update to the new selected units.

g
3

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 30



VAPOR PRESSURE

The Vapor Pressure drop-down list box allows the user to select the desired
vapor pressure unit. All vapor pressure values, such as SVP@Tt, SVP@Td, and
SVPQTs, will update to the new selected unit.

g
3

DENSITY AND ABSOLUTE HUMIDITY

The Density and Absolute Humidity drop-down list box allows the user to
select the desired density and absolute humidity wunit. The density and
absolute humidity values will update to the new selected unit.

a/m™3 -

h

IbA"3

ENTHALPY

The Enthalpy drop-down 1list box allows the user to select the desired
enthalpy unit. The enthalpy values will update to the new selected unit.

Note: The unit J/g is based on the SI calculation for Enthalpy which is
based on a reference state point for the dry-air component of 0 °C. The
unit BTU/1b is based on the I-P calculation for Enthalpy which is based on
a reference state point for the dry-air component of 0 °F. When switching
units HumiCalc will NOT automatically perform a unit conversion because of
this difference between reference temperatures. The user will be required
to perform a calculation to obtain the Enthalpy in the newly selected unit.
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CALCULATED VALUES

The Calculated Values frame consists of the calculated humidity parameters based
on the given known values and depending on how HumiCalc is configured, can also

display expanded uncertainty or error.

CALCULATED VALUES ONLY

In Conversion Only mode,

displayed.

Calculated Values

%RH 38.7340756547 Specific Humidity 0.00760483861
Absolute Humidity 896217043916

Dew Poirnt (100 Diny Air Density 1169.511155925

FPMv 12317.4285432 Moist Air Density 1178 47336574

PP Muw 7663.1762367

Grainsdb  |51.6422340069

Enthalpy |44 6356384054 Wet Bulb Temperature | 16.1081404522

SVP@Tt | 3165.5035436 Mixing Ratio by Volume | 0.01231742854

SVP@Td | 1228.13338551 Mixing Ratio by Weight |0.00766317625
Percent by Volume 1.21675559375

FETt,Pt | 1.00410854742 Percent by Weight 0.7604838608

FE@Td Pt |1.00386294236 Vapor Mole Fraction 0.01216755554
Dy Air Mole Fraction 0.58783244406
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CALCULATED VALUES WITH UNCERTAINTY

In Conversion with Uncertainty mode, an uncertainty field follows each
calculated humidity parameter field. As stated in the title, the
uncertainty displayed 1is the expanded uncertainty (U) at the displayed
confidence level.

Note: Refer to NIST Technical Note 1297 “Guidelines for Evaluating
and Expressing the Uncertainty of NIST Measurement Results” for
further information on expanded uncertainty.

Calculated Values (BExpanded U with 95 .45% Confidence)

%RH 38.73407569 | |+0.695 [w| Specific Humidity 0.007604839 ||+0.0001 [=]

[w| Absolute Humidity 8962170489 ||+0.1203 [=]
Dew Point | 10.0 +0.200 [ Dry Air Density 1169.511199 | |+0.8083 [=]
PPMy 1231742894 | |£167.12 [=] Moist Air Density 117847337 | |20.7942 [=]
PPMw 7663176287 | |£103.97 [ | (=]
Grains/b  |53.64223401 | 20.7278 [+ ] (=]

Enthalpy |44.63563841 | |20.3341 [+ ] Wet Bulb Temperature 1610814045 | 0.1159 [+
SVP@Tt |3169.90395 | £37.797 [ | Miding Ratio by Volume |0.012317429 | 20.0002 [+]
SVP@Td |122813339 | |£16.459 [ | Miding Ratio by Weight |0.007663176 | 0.0001 [+]

[=] Percert by Volume 1216755594 | 20.0163 [=]
F@TtPt | 1.004108547 ||+5E-006 =] Percent by Weight 0.760489861 ||=0.0102 [=]
F@TdPt |1.003862548 | *1E-D06 [w | Vapor Mole Fraction  |0.012167556 ||+0.0002 [« |

[=] Dry Air Mole Fraction  |0.987832444 ||20.0002 [+ ]

Expanded Uncertainty
Each uncertainty field can be expanded using the drop down arrow at the
right end of the field.

Calculated Values (Expanded U with 95.45% Confidence)

%RH 38.73407563 | |+0.635 Specific Humidity 0.007604899 ||+0.0001 [=]

[ =] Absolute Humidity 8962170489 ||+0.1203 [=]
Dew Point | 10.0 #0200 [=] Dry Air Densty 1169511139 || +0.8083 [+]
PFMv 12317.42894 | £167.12 [=] Moist Air Density 117847337 | |+07942 [+]
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Once clicked, a drop down form appears that displays all the components of
uncertainty that make up the expanded uncertainty for the given calculated
humidity parameter.

Calculated % RH Uncertainty

Description Standard Uncertainty (+ Degrees of Freedom Evaluation
Dew FPoint 2.595746E-001 Infinity Type B
Temperature 2. 310334 E-001 Infinity Type B
Pressure 1.292215E-007 Infinity Type B

#*:

Confidence: 55457% | k= |20 =

COpenina New
Expanded Combined Uncertainty: =0 634357551 Worksheet

Hfective Degrees of Freedom: Infinity

|I
e

Confidence
The Confidence field allows the user to enter the desired level of
confidence. Changing the confidence will automatically change the

“k” coverage factor based on the effective degrees of freedom. This
then updates the expanded combined uncertainty value to reflect the
new coverage factor and confidence level.

Note: Refer to NIST Technical Note 1297 “Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement
Results” for further information on confidence levels.

k=

The “k” coverage factor field allows the user to enter the desired
coverage factor. Changing the coverage factor will automatically
change the confidence 1level based on the effective degrees of
freedom. This then updates the expanded combined uncertainty value
to reflect the new coverage factor and confidence level.

Note: Refer to NIST Technical Note 1297 “Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement
Results” for further information on coverage factor.

Expanded Combined Uncertainty
The Expanded Combined Uncertainty field displays the expanded

uncertainty (U) for the given calculated humidity parameter. This
is the same value as displayed on the main form but with higher
resolution.

Effective Degrees of Freedom

The Effective Degrees of Freedom field displays the calculated
“effective degrees of freedom” for the expanded uncertainty using
the Welch-Satterthwaite formula.
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Open in a New Worksheet
Selection results in the opening of a new worksheet that contains
the uncertainty data defined in this drop down.
for more information on Worksheets.

Refer to Section 3

CALCULATED VALUES WITH AS FOUND ERROR

In Conversion with As Found Error mode,
calculated humidity parameter field.

an error

Calculated Values (Calculated Ermor Based on As Found BEmror)

%RH

Dew Point
PP My

PP Mw
Grains/b
Enthalpy
SVP@Tt
SVP@Td

FE&Tt.Pt
F&Td.Ft

38.73407565

10.0
12317.42854
7663.176287
5364223401
44 63563841
3169.30335
122813339

1.004108547
1.003362548

02032 [+]

[~
<0100 [+]
+53.895 [+ |
+36.641 [+
+0.2565 [« |
0297 [+]
+37601 [+
+8.2053 [+

=
+1E-005 [+ |
+TE-006 [+ |

=

Specific Humidity
Absolute Humidity
Diny Air Density
Maist Air Density

Wet Bulb Temperature
Midng Ratio by Volume
Midng Ratio by Weight
Percent by Volume
Percent by Weight
Vapor Mole Fraction
Diny Air Mole Fraction
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0.007604339
8.962170429
1169.511159
1178.47337

1610814045
0.012317425
0.007663176
1216755554
0760433861
0.012167556
0387332444

field follows

+0.0057 [«
+0.0036 [+
+6E-005 [+ |
6E-005 [+

each
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As Found Error

Each error field can be expanded using the drop down arrow at the right end
of the field.

Calculated Values (Calculated Bmor Based on As Found Emor)

%RH 38.73407569 | -0.2032 |[ ]| Specific Humidity 0.007604899 | +4E-005 [ ]

[=] Absolute Humidity 8962170489 | +0.054 [+
Dew Foint | 10.0 +0.100 [+ Dry Air Density 1169511199 | |+1457 [+
PP My 1231742894 | |+58.895 [ Moist Air Density 117847337 ||+1511 [+]
PPMw 7663.176287 | |+36.641 [ ] =]
Grains/b  |53.64223401 | |+0.2565 || =]

Enthalpy |44.63563841 | |+0.297 [+| Wet Bulb Temperature |16.10814045 | +0.1243 [+ |
SVP@Tt |3169.90395 | +37.601 [w] Midng Ratio by Volume |0.012317429 | +6E-005 [+ ]
SVP@Td |1228.13339 | |+8.2053 [w] Midng Ratio by Weight |0.007663176 | +4E-005 [+ ]

[=] Percent by Volume 1216755594 | |+0.0057 [=]
F@TtPt | 1.004108547 | +1E-005 [+ Percent by Weight 0.760489861 | |+0.0036 [=]
F@TdPt |1.003862948 | +7E-D06 [w] Vapor Mole Fraction  |0.012167556 | |+6E-005 [ |

[=] Dry ArMole Fraction ~ |0.987832444 | -6E-005 [+

Once clicked, a drop down form appears that displays the “Error” based on
the calculated humidity parameter’s value at the standard or reference and
the calculated humidity parameter’s value based on the unit under test’s
(UUT) readings.

Note: See the example section of this document for a detailed
example of calculating as found error.

Calculated %RH Based on As
Found Data

Standard or Reference: 3853732114
Unit Under Test: 38. 73407569

Error |-0203245444

Standard or Reference
The Standard or Reference field displays the calculated humidity
parameter’s value based on the standard or reference readings.
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Unit under Test

The Unit under Test or UUT field displays the calculated humidity
parameter’s value based on the units reading when at the standard or
reference.

Error

The Error field displays the difference between the calculated
humidity parameter’s value at the standard or reference and the
calculated humidity parameter’s value based on the unit under test’s
(UUT) readings.

SPECIAL CONDITIONS

Special Conditions can occur if the known values entered result in a value that
is beyond the designed limits or if extrapolation outside published limits were
required during calculation.

CALCULATION STATUS

After the user clicks the Calculate button a status image is displayed just
to the left of the Calculate button. This image represents one of three
different conditions.

Green Check Mark
A green check mark indicates that the calculations have been performed and
that no special condition has occurred during the calculations.

“ | Calculate

Yellow Check Mark

A yellow check mark indicates that the calculations have been performed but
that some or all calculations required extrapolation beyond the published
limits.

Note: Clicking on the yellow check mark will display a message about
the special condition.

j | Calculate
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Red Question Mark

A red question mark indicates that the calculations have been performed but
some or all calculations have gone beyond the designed limits and are
either not wvalid or simply not possible. This special condition will
always be preceded by a user message stating which known value is likely
causing the condition.

Note: Clicking on the red question mark will display a message about
the special condition.

? | Calculate

WARNINGS

The user may encounter different types of warning messages during
configuration and calculations. These warnings are designed to alert the
user to certain conflicting configurations and special conditions.

Extrapolation

An “Extrapolation was used” warning tells the user that extrapolation was
used for some or all calculations and that those extrapolated values are
displayed in Royal Blue to help the user identify which humidity parameters
were extrapolated.

Note: Selecting the "“Don’t Show Again” check box will suppress this
dialog from being displayed again until either the application 1is
restarted or the "“Reset to Factory Defaults” is selected.

& Warning! E

Exdrapolation was used for some or all
calculations and those exdrapolated values
are displayed in RoyalBlue.

[] Dont Show Again
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*Special Note on uncertainty and extrapolation: HumiCalc will not
calculate any uncertainty 1if extrapolation was used in any part of

the uncertainty calculation. This is simply because the uncertainty
is unknown once outside the published 1limits of the humidity
equations. Expanding the drop down uncertainty will result in the

following drop down form message.

Uncertainty can not be
calculated for an edrapolated
value.

Equilibrium Over is set to Water
An “Equilibrium Over is Set to Water” warning tells the user that the

equilibrium over is set to water but the entered saturation temperature is
below freezing. This warning is designed to draw the user’s attention to
the selected equilibrium and is not an indication of an error.

Note: Selecting the "“Don’t Show Again” check box will suppress this
dialog from being displayed again until either the application 1is
restarted or the "“Reset to Factory Defaults” is selected.

|"|

&, Warning! & |

The Bquilibrium Over is set to Water. but
the entered Saturation Temperature seems
to be below freezing.

Are you sure you want to perform the
calculation with respect to Water?

[T Dont Show Again

[ fes ] [ Mo
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Apply Enhancement Factors is not checked

An “Apply Enhancement Factors is not checked” warning tells the user that
the calculation is about to be performed without enhancement factors. This
warning is designed to draw the user’s attention to the apply enhancement
factor check box and is not an indication of an error.

Note: Selecting the "“Don’t Show Again” check box will suppress this
dialog from being displayed again until either the application 1is
restarted or the "“Reset to Factory Defaults” is selected.

[ M Warning! 5

The Bquilibrium Over is set to Water. but
the entered Saturation Temperature seems
to be below freezing.

Are you sure you want to perform the
calculation with respect to Water?

[] Dont Show Again

[ Yes ] [ Ma

Enhancement Factor not applicable

An “Enhancement Factor may not be applicable for this type of Carrier Gas”
warning tells the user that the calculation is about to be performed with
enhancement factors on, but with a carrier gas selected that is not air or
nitrogen. This warning is designed to draw the user’s attention to the
apply enhancement factor check box and is not an indication of an error.

Note: Selecting the "“Don’t Show Again” check box will suppress this
dialog from being displayed again until either the application 1is
restarted or the “Reset to Factory Defaults” is selected.

[ M Warning! 5

The Enhancement Factors may not be
applicable for this type of Camier Gas.

[C] Dont Show fgain
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3

WORKSHEETS

This section provides you with detailed information relating to the layout,
configuration and use of HumiCalc Worksheets. Worksheets work in the same fashion
as the individual components of uncertainty drop down dialogs. Worksheets are
great for any uncertainty calculation that needs to perform basic “law of
propagation of uncertainty” type calculations. That means they can be used for
any same unit uncertainty problem even non humidity related uncertainty problems.

r@' Uncertainty Worksheet I

File Help

Description: | | |

Uncertainty: ] [=]

.

Distribution: | Noml -

Degpecs o Frecdom

Evaluation: [Type B -]

<Enter Your Notes Here> +| Combined Standard Uncertainty:  +0.000 |
Confidence: (95.45% |2 k=20 |2
Expanded Combined Uncertainty: | £0.000 |

.| Hfective Degrees of Freedom: Infinity |

MENU BAR

The Menu Bar consists of two submenu drop downs: File and Help.

@' Uncertainty Worksheet

| File Help

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 41



FILE MENU

The File Menu consists of four selections: Open Worksheet, Save Worksheet,
Export Worksheet and Exit.

[ &* Uncertainty Worksheet

_?ﬁgw Help

5 OpenWorksheet Ctrl+0
&l Save Worksheet  Ctrl+5
% BExport Worksheet Ctrl+E -

X Exit

Open Worksheet
Selection will open a file dialog box to allow navigation to a HumiCalc
Worksheet file for loading of previously saved work.

Save Worksheet

Selection will open a file dialog box to allow navigation and naming of the
HumiCalc Worksheet file that will be saved. All current data entries in the
Worksheet will be saved in the HumiCalc Worksheet file to allow the user to
load at a future time.

Export

The Export option allows the user to export the current HumiCalc Worksheet
into an Adobe PDF (*.pdf), Enhanced Metafile (*.emf), Excel Workbook
(*.x1s), Excel 2007 Workbook (*.xlsx), Rich Text Format (*.rtf) or a Word
2007 Document (*.docx). Selection will open a file dialog box to allow
navigation and naming of the exported file.

Exit

Selection will close the Worksheet.

HELP MENU

The Help Menu consists of three selections: Help Topics, Thunder Scientific
on the Web and About HumiCalc with Uncertainty.

& Uncertainty Worksheet

File | Help

) Help Topics F1
& Thunder Scientific on the Web

Des4
Uno

@) About HumiCalc with Uncertainty
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Help Topics

Selection of Help Topics will open this reference manual.

Thunder Scientific on the Web

Selection of Thunder Scientific on the Web will open Thunder Scientifics
web page, which contains the latest news, products and information from
Thunder Scientific Corporation.

About HumiCalc with Uncertainty
Selection of About HumiCalc with Uncertainty will open an About Dialog
containing important information about the application.

LEFT SIDE

The Left Side is wused to enter new components of uncertainty into the
worksheet and allows the user to add notes for the entire worksheet. Each
component of uncertainty entry consists of a Description, Uncertainty, k=,
Distribution, Degrees of Freedom and Evaluation.

Description:

Uncertainty: 2] [~
k= 100 |2

Distribution: | Nomnal -

Degrees of Freedom: | Infinity

Ewdmihn:[TﬂmE ‘]

<Enter Your MNotes Here: -

DESCRIPTION

The Description field allows the user to enter a unique description of
uncertainty component.

Recommendation: Try to enter descriptions that include the given
known values name. Like Dew Point or Test Temperature. This will
help later when viewing the different calculated  humidity
parameter’s uncertainties.
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UNCERTAINTY

The Uncertainty field allows the user to directly enter the component’s
uncertainty wvalue.

K=

The k= field allows the user to enter the “k” factor or coverage factor for
the entered component’s uncertainty wvalue.

DISTRIBUTION

The Distribution field allows the user to select the type of distribution
for the entered component’s uncertainty value.

DEGREES OF FREEDOM

The Degrees of Freedom field allows the user to enter the degrees of
freedom, which depends on the size of the sample for the entered
component’s uncertainty value.

EVALUATION

The Evaluation field allows the user to select either a Type A or Type B
for the entered component’s uncertainty value.

Note: The evaluation type has no effect on the calculation of
uncertainty and 1is supplied solely to assist the user. This 1is
especially helpful when following published guidelines such as the
NIST Technical Note 1297 “Guidelines for Evaluating and Expressing
the Uncertainty of NIST Measurement Results”.

NOTES

The Notes field allows the user to enter textual notes about the overall
uncertainty calculation for this worksheet.

<Enter Your Maotes Here: o

@ T e e

i
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RIGHT SIDE

The Right Side shows each individual uncertainty components entered in a grid
like format. Below the grid are the resulting combined uncertainties of all
the entered components. The combined wuncertainties consists of Combined
Standard Uncertainty, Confidence, k=, Expanded Combined Uncertainty and
Effective Degrees of Freedom.

EIIE

Description Uncertainty (£ k=  Distribution | Degrees of Freedom| Evaluation

Combined Standard Uncertainty:  =0.000 |

Confidence: (9545% [+ k= 20  |%]

Expanded Combined Uncertainty: | +0.000 |

Hfective Degrees of Freedom: |kﬁmw |

COMBINED STANDARD UNCERTAINTY

The Combined Standard Uncertainty field displays the combined standard
uncertainty (uc) for the entered uncertainty components.

CONFIDENCE

The Confidence field allows the wuser to enter the desired 1level of
confidence. Changing the confidence will automatically change the “k”
coverage factor based on the effective degrees of freedom. This then
updates the expanded combined uncertainty value to reflect the new coverage
factor and confidence level.

Note: Refer to NIST Technical Note 1297 “Guidelines for Evaluating

and Expressing the Uncertainty of NIST Measurement Results” for
further information on confidence levels.
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K=

The “k” coverage factor field allows the user to enter the desired coverage
factor. Changing the coverage factor will automatically change the
confidence level based on the effective degrees of freedom. This then
updates the expanded combined uncertainty value to reflect the new coverage
factor and confidence level.

Note: Refer to NIST Technical Note 1297 “Guidelines for Evaluating
and Expressing the Uncertainty of NIST Measurement Results” for
further information on coverage factor.

EXPANDED COMBINED UNCERTAINTY

The Expanded Combined Uncertainty field displays the expanded uncertainty
(U) for the entered uncertainty components.

EFFECTIVE DEGREES OF FREEDOM

The Effective Degrees of Freedom field displays the calculated “effective
degrees of freedom” for the expanded uncertainty using the Welch-
Satterthwaite formula.
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4

EXAMPLES

This section provides you with a few examples relating to the different features
and configurations of HumiCalc. By following along, you will become familiar with
how to use these features and configurations. The examples shown here do not
constitute a comprehensive 1list of humidity computations, but may be used as
guidelines in solving similar or related humidity problems.

CONVERSION EXAMPLES

These are examples dealing with HumiCalc’s ability to perform calculations and
conversions. These can be performed in any HumiCalc Mode but they do not address
any Uncertainty or Error calculations.

FROST POINT CONTROL WITH A TWO TEMPERATURE
GENERATOR

Using a Two Temperature Frost Point generator, determine the Saturation
Temperature setpoint needed to generate a Frost Point of -15.0°C at a
Saturation Pressure of 25.0 psia in the cell of a hygrometer at 14.7 psia.

Note: The Test Temperature has no affect on this calculation due to
the relation between the Frost Point and Saturation Temperature, but
in this example we will use 21.5°C.

Configuration
Set the Configuration.

Configuration

Temperature Scale | 1TS-50 * |  Camier Gas [Dﬁ’NF '] Mode [T\-\'O Temperature

Equilibrium Cwver Apply Enhancement Factors Known [Frost Puairt
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Units
Set the Units.

Units

Temperature T w
Prezsure pzia w
W apor Pressure Pa w
Denzity and Abs Humidity | g/m™3 w
E nthalpy J/a W

Known Values
Enter the Known Values.

K.nown Yalues [Standard u)

Frozt Point 19 +0.000
S aturation L +0.000
Preszsure

Test 21.5 £0.000 W
Temperature

Test 14.7 #0000 w
Prezsure

Calculate

Perform the Calculations
Click the Calculate button.

“ [ Calculate

Results

Look at the calculated values for the Saturation Temperature. This is the
Saturator Temperature setpoint needed to generate a -15 °C Frost Point in
the unit under test.

Calculated Yalues [Expanded U with 95_45% Confidence]

%RH B.442805713 | |20.000 % | Specific Humidity 00010719331 || £0.000
Frost Paint |-15.0 0000 % | Absolute Hurmidity 1.22073081 £0.000 W
Dew Point | -16.764364183 | | £0.000 % | Dy Air Density 1156347677 || £0.000
PPk 1640193244 | |+0.000 | Moist &ir Density 1157568468 || £0.000
PP 1020431295 | |+0000 » ||Satwration Temperature |[-3.143575794 || 0000 W
Grainsdlb | 7143013066 || 0,000 % | Saturation Pressure 25.0 £.000 w
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DEWPOINT CONTROL IN A TWO PRESSURE GENERATOR

Determine the Saturation Pressure needed in order to generate air with a
Dew Point of 5.0°C in the chamber of a Two Pressure Humidity Generator.
Also determine the corresponding %RH. For this example we will use a
Saturation Temperature of 21.15°C, a Test Pressure of 15.0 psia and a Test
Temperature of 21.11°C.

Configuration
Set the Configuration.

Configuration
Temperature Scale | 1T5-30 - Camier Gas [Dry.Nr '] Mode [Twc Pressure v]
Equilibrium Ower Apply Enhancement Factars Known [Dew Point vl

Units
Set the Units.
Units
Temperature T w
Pressure pzia
Yapor Preszure F

Density and Abs Hurmidity | g/m™3

[x1]
£ 00 £0 %

E nthalpy J/a W

Known Values
Enter the Known Values.

K.nown Yalues [Standard u)

Dew Paint |5_|:| ||¢|:|_|:||:||:| w |
S aturation |2-|_15 ||¢|:|_|:||:||:| w |
Temperature
Test 150 [+0.000 |
Freszure
Test |2'|,1‘| ||tEI.EIEIE| V|
Temperature

| Calculate |

Perform the Calculations
Click the Calculate button.

“ | Calculate
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Results
Look at the calculated values for the Saturation Pressure and $%RH. These
are the %RH or Saturator Pressure setpoints needed to generate a 5.0°C Dew
Point.

Calculated Yalues [Expanded U with 95 45% Confidence]

#%RH 34.8260216 0000+ || Specific Humidity 0005286326 | |£0.000

* | Abszolute Hurmidity 6451738537 | #0000
Dew Point 5.0 #0000 % | Dy Air Density 1214.015524 | (20000
PP 0542148822 | |£0.000 % | Moist Air Density 1220467313 | |£0.000  »
FPw 83144227 || £0.000 % | Saturation Temperature |21.5 000w
Grainz/lb | 37.20034083 | +£0.000 % || Saturation Pressue 4437404403 | (20000 »
Enthalpy | 3470883157 | (20,000 » | “wetBulb Temperature |12.60133847 | (20,000

CONVERTING %RH TO A NEW PRESSURE AND
TEMPERATURE

Convert 50.0 $%RH measured at 25.0°C and 97020.0 Pa, to the resulting

Relative Humidity at 50.0°C and 101325.0 Pa. This type of operation
requires a two-step process. First, you will convert %$RH at one pressure
and temperature to PPMv. You'll then convert this PPMv to a %$RH at a new
pressure and temperature. PPMv 1is used as the intermediary variable to
effectively hold the mixing ratio of the gas, since once determined; it
will not vary with changes in pressure and/or temperature. RH-to-RH

conversions of this type should always be done through PPMv or another
temperature and pressure insensitive variable.

Configuration
Set the Configuration.

Configuration

Temperature Scale | 1TS5-50 * | Camier Gas |DITNF - Mode |NOI1TIE|

Equilibrium Cwver Water - Apply Enhancement Factors [ Known |3'.',F{H

Units

Set the Units.
Units
Temperature T w
Prezsure Pa v
W apor Pressure Pa W
Denzity and Abs Humidity | g/m™3 w
Enthalpy Jig W
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Known Values at the Initial Pressure and Temperature
Enter the Known Values.

K.nown Yalues [Standard u]

%RH 500 [+0.000 |
Temperature |25 0 ||+0.000 |
Presswe 970200 [+0.000 v |

| Calculate |

Perform the Calculations
Click the Calculate button.

“ | Calculate

Change Configuration
Change the Configuration to have the known set to PPMv.

Configuration

Temperature Scale | 1TS-50 | Camier Gas ’DTYNF "] Mode [Norrnal

Equilibrium Cver Apply Enhancement Factors Known | PPMw

Known Values at the new Pressure and Temperature

Enter the new Temperature and Pressure values but leave the PPMv unchanged.

K.nown Yalues [Standard u)

PPy \1BE74.93816 | £0.000 |
Temperature (50,0 20000 v |
Presswe  [1m1azs0 |[:0000 |

| Calculate |
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Perform the Calculations
Click the Calculate button.

V | Calculate

Results
Look at the calculated value for new S%RH.

Calculated Yalues [Expanded U with 95 45% Confidence]

%RH 1238331227 20000 % | Specific Huridity 0010267643 | |+0.000

* | Abzolute Hurmidity 1114603184 | (#0000  »
Dew Point |1453613136 || +0.000 | Dry Air Density 1074408992 | #0000
PP+ 16674.93816 | (£0.000 » | Moist Air Density 1085555084 | |+0.000

CONVERTING FROST POINT TO A NEW PRESSURE

If the Frost Point is -50.0°C at a pressure of 14.7 psia, what will the
Frost Point be at a new pressure of 200.0 psia? What will the Frost Point
Vapor Pressure in Pa and Density in grams/liter be at the new pressure?
Although this conversion has the same appearance as, and could be performed
in a manner similar to, the previous example ("Converting %RH to a New
Pressure and Temperature"), this particular conversion may also be done in
only one main operation eliminating the need to re-configure midstream. The
simplicity of this conversion relies on the synonymous relationship between
Frost Point at a known pressure, and Saturation Temperature at a known
Saturation Pressure of a Two Temperature (or Two Pressure) Generator. By
substituting Saturation Temperature with Frost Point and Saturation
Pressure with the pressure of the Frost Point, either the Two Temperature
or Two Pressure mode can be used for this conversion.

Configuration
Set the Configuration.

Configuration

Temperature Scale  [ITS-50 - Camier Gas ’Df)'ﬂir '] Made [Tonempemture

Equilibrium Cver Apply Enhancement Factors Kriown [Satumtion Temperature
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Units
Set the Units.

Units

Temperature T w
Preszure
Yapor Pressure

Density and Abz Humidity | g/l

E nthalpy Jfg v

Known Values
Enter the Known Values.

Known Yalues [Standard u)

S aturation |.5|:|.|:| ||¢|:|_|:||:||:| v|
Temperature
S aturation |‘|4_,'." ||¢|:|_|:||:||:| v|
Pressure
Test 211 |+0.000 |
Temperature
Test 200.0 [+0.000 v |
Preszure

| Calculate |

Perform the Calculations
Click the Calculate button.

“ | Calculate
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Results
Look at the calculated wvalues for calculated Frost Point, SVPQRTd and
Density.

Calculated ¥alues [Expanded U with 95 45% Confidence]

Enthalpy | 21.26717852 || +0.000
SVP@TE | 2503.49261 +0.000
SvP@Td |50.55746055 || +0.000

wiet Bulb Termperature | 18733485683 | |£0.000
Mixing F atio by Wolume |0.000033047 || £0.000

%RH 2064111559 | #0000 | Specific Humidity 0.000024232 || £0.000
Frost Point | -27. 224774607 ||| £0.000 Abzolute Hurmidity 0.000336578 | |£0.000
Dew Paint | -30.103051003 | | £0.000 Dy Air Drenzity 16.3250617 +0.000  |w
PP 39.046¥5EEE || +0.000 b aist Air Denzity 1632545828 | |£0.000
PP 2423258413 || +0.000 Saturation Temperature |-50.0 +0.000 W
Grainsdb 0170048039 || +0.000 Saturation Pressure 14.7 #1000  »
v
v
v

A A A T

Mixing F atio by Weight |0.000024233 || x0.000

DETERMINING %RH IN A TWO PRESSURE GENERATOR

Using a Two Pressure generator, you are calibrating a unit that displaces
enough heat to raise the chamber temperature by 1.4°C above the fluid bath
and saturator temperatures. What 1is the %RH in the chamber at this
elevated chamber temperature? Also, assuming that you know the internal
temperature of the unit, which is generating this heat load, what is the
relative humidity within the unit under test at its temperature? First
we'll find the %$RH at the chamber temperature. Then, since HumiCalc will
already be configured correctly, we can recalculate the SRH at the
temperature of the heat-loading unit under test. For this example we will
use a Saturation Pressure of 64.75 psia, a Saturation Temperature of
21.1°C, a Test Pressure of 15.0 psia and a Test Temperature of 22.5°C.

Configuration
Set the Configuration.

Configuration

Temperature Scale  [ITS-50 - Camier Gas |Dr‘_-'ﬂir - Made |Two Pressure

Equilibrium Cver Water - Apply Enhancement Factors [ Known |Sat|.uation Pressure
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Units
Set the Units.

Units

Temperature T w
Prezsure pzia w
Yapar Pressure Pa

Density and &bz Hurmidity | g/m™3 w
Enthalpy Jig w

Known Values at Chamber Temperature

Enter the Known Values at Chamber Temperature.

K.nown Yalues [Standard u]

S aturation E4.75 +0.000 w
Pressure

S aturation 1.1 +0.000 w
T emperature

Test 15.0 #0000
Fressure

Test 225 #0000
Temperature

Calculate

Perform the Calculations
Click the Calculate button.

“ [ Calculate

Results

Look at the calculated value for %RH at the chamber temperature.

Calculated ¥alues [Expanded U with 95 45% Conhdence]
%FH 2147922539 || #0.000 % | Specific Hurnidity
Frost Point |-0.513482386 || £0.000 | | Absolute Hurmidib
Dew Point | -0.581987302 | (20,000  » | Dy Air Density
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#1000 »
#1000 »
£0.000  w
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Known Values inside the Unit under Test
Change the Test Temperature Known Value to the temperature inside the unit
under test (22.5°C + 1.4°C = 23.8°C).

Known Values (Standard u)

Saturation G475 +).000 [v]
Pressure

Saturation (21,1 +0.000 [w]
Temperature

Test 15.0 +0.000 [
Pressure

Test 218 +0.000 [
Temperature

Calculate

Perform the Calculations
Click the Calculate button.

“ | Calculate

Results
Look at the calculated value for %RH at the temperature measured inside the
unit under test.

Calculated Values (BExpanded U with 95 45% Confidence)

%RH 19.85483157 |[20.000 || Speciic Humidty 0.003545725 |[+0.000 [
Frost Point |-0.513482386 | |=0.000 [w| Absolute Humidity 4292764229 ||=0.000 [w]
Dew Point |-0.581987302 ||£0.000 [w| Dry Air Density 1206334416 | [+0.000 |w|

DETERMINING FROST POINT AND PPMW OF A
DEHYDRATOR

A Dehydrator operates at a pressure of 3015 psia. A sample of gas is
tapped off of the dehydrator outlet and flows through a chilled mirror,
which indicates a Frost Point of -60 °F at 14.7 psia. The dehydrator is at
68 °F. What is the PPMw and Frost Point at the pressure of the dehydrator?
With some minor differences in appearance, this example is very similar to
a previous one ("Converting Frost Point to a New Pressure"), and relies on
the principles of synonymous substitution. Here, the indicated Frost Point
of the chilled mirror will be referred to as Saturation Temp, and the
pressure of the chilled mirror will become the Saturation Pressure. The
dehydrator pressure becomes the Test Pressure since that is the pressure to
which the calculated humidity values are to be referred.
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Configuration
Set the Configuration.

7

Configuration

Temperature Scale [|T5-9|] '] Carmier Gas [Dﬁ' Air

Equilibrium Over [Ice v] Apply Enhancement Factors
Units
Set the Units.

Units

Temperature F w

Preszure

W apor Pressure

Denzity and Abs Huridity

Enthalpy Jig w

Known Values
Enter the Known Values.

Known Yalues [Standard u]

S aturation |.5|:|_|:| ||¢|:|_|:||:||:| v|
T emperature
S aturation |14_? ||¢|:|_|:||:||:| v|
Prezsure
Test EXi ||+0.000 |
T emperature
Test 3015.0 [+0.000 |
Fressure

| Calculate |

Perform the Calculations
Click the Calculate button.

Note: The yellow check mark indicates

condition with the calculations.
test pressure value 1s beyond
enhancement factor equation and
extrapolated.

/ | Calculate
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Results
Look at the calculated value for the PPMw and Frost Point in the dehydrator
at a pressure of 3015 psia.

Note: Values displayed in blue are extrapolated beyond the published
limits of the enhancement equation.

Calculated Yalues [Expanded U with 95.45% Confidence]

%RH 16.44073164 v | Specific Humidity |0.000021164 || v |
[Frost Point [18.3522423 || )| Absolte Humidy  [5.220144073 || v
Dew Paint |16.8718134 || v | Dy &ir Density | 247025.0005 || v |
PPMy 3401871363 v | Moist ir Density |247030.2286 || v |
PPk w Saturation T emperature |-E|1|:| ||t|:l.|:ll:ll:l v|
Grainsdb Iml—v| S aturation Pressure |14.? ||1EI.EIEIEI V|

WET BULB/DRY BULB PSYCHROMETER

Using a sling or aspirated Psychrometer, determine the $%RH, Dew Point, and
grains per pound of the environment. For this example we will use a Wet
Bulb Temperature of 38.95°F, a Dry Bulb Temperature of 51.5°F and a
Pressure of 758.5 torr.

Configuration
Set the Configuration.

Configuration

Temperature Scale | 1T5-90 - Carmier Gas [Dﬂp’:‘\ir "] Mode [Norrnal

Equilibrium Cver Apply Enhancement Factors Known [We‘t Bulb Temperature

Configuration
Set the Psychrometer Coefficient to use Ferrel’s equation.

Opticns | Help

'@.»;:;t HumiCalc Mode 3

&

Jie  Saturation Yapor Pressure Equation 3 [D'T Air

|A Psychrometer Coefficient J | Ferrel -
B Uncertain 3

= Y d Val -

I'#  Generator Configuration ¥ | |0.301 355547 9 Seledt
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Units
Set the Units.

Units

Temperature

Prezsure

W apor Pressure

Denzity and Abs Huridity

E nthalpy

Known Values

F w
Tomr v
Pa w
g3 w
J/a W

Enter the Known Values.

Known Yalues [Standard u)

wiet Bulb a0 95 1000w

T emperature

Do Bulb 515 0000  w

Temperature

Prezsure 7Ra5 £0.000  w
Calculate

Perform the Calculations
Click the Calculate button.

V|

Calculate

Results

Look at the calculated value for the %RH, Dew Point,

environment.

Calculated Yalues [Expanded U with 95 45% Confidence]

*RH 2618411208 || +0.000 % | Specific Hurmidity

Frost Point |13.50693326 | |+0.000 % | Absolute Huridity
Dew Faoint |17.9328543 £0.000 % | Dy Air Density

PFb 3386.397538 | |+0.000 % | Moist Air Density
PFbdw 2106816438 | |+0.000 w

Grainz/b | 1474771506 (|| £0.000

Enthalpy  [16.19763427 | (20000 | ‘wfet Bulb Temperature
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WET BULB CONTROLLED RH GENERATOR

You have an RH chamber that uses a wet bulb control scheme to generate
various values of Relative Humidity. With a 24.8°C chamber temperature at
a 14.62 psia chamber pressure, what is the wet bulb setpoint needed to
generate 50.0 SRH?

Configuration
Set the Configuration.

Configuration

Temperature Scale  |ITS-90 - Camier Gas [Dw.l“-ir '] Maode lNonﬂaI

Equilibrium Qver Apply Enhancement Factors Known "ﬂ*HH

Configuration
Set the Psychrometer Coefficient to use Ferrel’s equation.

Opticns | Help

% HumiCalc Mode 3

He

Jie  Saturation Yapor Pressure Equation 3 [Dr_',.r.ﬁ.ir

| A Psychrometer Coefficient r | Ferrel -
] Uncertainty 3
d Val her
' Generator Configuration 3 0 q.qﬂm
Units
Set the Units.
Units
Temperature T L
Y apor Preszure Fa w
Denzity and Abs Hurmidity
Enthalpy Jig w
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Known Values
Enter the Known Values.

K.nown Yalues [Standard u)

%RH E [+0000 |
Temperature 248 ||x0000 |
Pressue (14,63 [s0.000 ~|

| Calculate |

Perform the Calculations
Click the Calculate button.

V | Calculate

Results
Look at the calculated value for the wet bulb temperature to find the
required wet bulb controller setpoint to generate 50 %RH.

Calculated Yalues [Expanded U with 95.45% Confidence]

%RH 500 || #0.000 s | Specific Humidity 0.009763277 | |+0.000 ~ |

| | v | Absolute Humidiy | 11.43905668 | |+0.000 ~ |
Dew Paint | 1358478638 | +0.000 ~ | Dry Air Density (1160.20203 | [+0.000 ~ |
PPMy | 19847.75835 | +0.000 % | Moist Air Density (1171641087 | [+0.000 & |
PPMw  |9950.538587 |[:0.000 | | I v |

Grains/b | E3.01E77011 | [+0.000 | v
Enthalpy  |[50.02307244 |[+0.000  + |[wet Bub Temperatwie [17.8048176 20000 v |
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UNCERTAINTY EXAMPLES

These examples deal with HumiCalc’s ability to perform uncertainty calculations.
These can only be performed in the “Conversion with Uncertainty” HumiCalc Mode.
These examples are structured slightly different than the conversion examples
before, mainly with the focus to demonstrate how to enter and calculate
uncertainty. The values entered throughout these examples are simply for
demonstration purposes.

Options | Help
@ -
| o eeniodis i’ |Cunversinnswith Uncertainty *|
Jic  Saturation Vapor Pressure Equation  » Oy’ Conversions Onl '
o Conversions with Uncertainty
A Psychrometer Coefficient ¥ Inceme Conversions with As Found Error
2] Uncertainty 3
d Values (Expanded U with 95.45% Confic
@  Generator Configuration 3 [:] ) r

SIMPLE CHILLED MIRROR %RH UNCERTAINTY

This example will perform a simple uncertainty calculation for a Chilled
Mirror Hygrometer capable of displaying %RH. We will calculate the %RH
uncertainty for this Hygrometer based on an example Dew Point, Pressure and
Temperature standard uncertainties.

Configuration
Set the Configuration.

Configuration

Temperature Scale | 1TS-50 * |  Camier Gas [DD’NF "] Mode [NOI'ITIEI| "']
Equilibrium Cver Apply Enhancement Factors Known [Dew Puairt v]

Units

Set the Units.
Units
Temperature T w
Prezsure Pa v
Yapor Pressure
Denzity and Abs Huridity
Enthalpy Jig W
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Known Values
Enter the Known Values.

Note: The uncertainty can vary greatly at different points within
the working range of a unit. It is always recommended to report the

range to which the uncertainty applies or report the maximum
uncertainty possible within the unit’s working range.

K.nown Yalues [Standard u)

Dew Paint (10,0 [+0000 |
Temperature |25, 20000 v |
Presswe 1013250 |[:0000 |

| Calculate |

Known Uncertainty Values

Directly Enter the Known Standard Uncertainty

(uc) Values for the Dew
Point, Temperature and Pressure.

K.nown Yalues [Standard u)

Dew Paint (10,0 20100 |
Temperature |25, 20030 v |
Presswe  1m3250  |[+34500 v |

| Calculate |

Perform the Calculations
Click the Calculate button.

“ | Calculate
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Results

Look at the calculated values for the Expanded %RH Uncertainty (U).

Note: In this example we did not enter any degrees of freedom (DOF)
and the 95.45% confidence displayed in the title correlates to a k=2
coverage factor. If specific degrees of freedom (DOF) are entered,
it is required to view the detailed uncertainty to see the exact “k”
coverage factor that correlates to the displayed confidence level.
The Confidence level 1is always the same for all displayed expanded
uncertainties, but depending on the degrees of freedom (DOF) the “k”
coverage factor may differ from humidity parameter to humidity
parameter.

Refer to NIST Technical Note 1297 “Guidelines for Evaluating and
Expressing the Uncertainty of NIST Measurement Results” Appendix B
for further information on coverage factors.

Calculated Yalues [Expanded U with 35.45%% Confidence])

*RH 3872407569 | |£0.5373 % || Specific Hurmidity 0007604833 || +0.0001 »
* | Abzolute Hurmidity 89670433 | (201201 W
Drew Foint (100 £0.200 | Dy Air Density 1163511193 | [£8.0676

Detailed Uncertainty Results
To view more detailed %RH uncertainty data, click the drop down arrow at
the right of the uncertainty field.

Calculated Yalues [Expanded U with 95 45% Confidence]

%RH 38.73407869 || +£0.5373 Specific Hurmidity 0007E04833 || +0.0007 »
* | Abzolute Hurmidity BAEAT04B33 | |#072070 W
Drew Faoint (100 #0200 % | Dy Air Density 1163511193 | [#B.0E7E W
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A drop down form will appear displaying the components that made up the
Expanded %RH Uncertainty (U). From this we can see each components
contribution to the total wuncertainty. This 1is extremely helpful in
identifying which inputs are the major contributes.

Note: As shown 1in the grid title the individual components are
displayed as standard uncertainties, meaning no coverage factor 1is

applied.
Calculated %RH Uncertainty

Description Standard Uncertainty (£ Degrees of Freedor Evaluation
Dew Point 0.259574539 Infinity Type B
Temperature 0.0659310029 Infinity Type B
Pressure 0.000044581 Infinity Type B

#*:

Confidence: 9545% & k= (20 =

Cpenina New
Expanded Combined Uncertainty: |+0 53733732143 Worksheet

Hfective Degrees of Freedom: Irfiriity

HI
il

The user can directly change the “k” coverage factor or confidence level
and the expanded uncertainty value will be automatically updated based on
the new values. Changing the “k” coverage factor will automatically change
the confidence level to its corresponding value and vice versa.
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Here we changed the confidence level to 95% and we can see the “k” coverage
factor is automatically changed to its corresponding value and the expanded
uncertainty is updated to reflect the new coverage factor.

Calculated %RH Uncertainty

Description  Standard Uncertainty (+ Degrees of Freedon| Evaluation
| | Dew Point 0259574539 Infinity Type B
n Temperature 0.065310029 Infinity Type B
n Pressure 0.000044531 Infinity Type B
*
Confidence: |35.00 % |l k= |1.BE Iz”
Expanded Combined Uncertainty: |+0 52658057501 [ R s
HEfective Degrees of Freedom: |kﬁmw | | Dl |

Here we changed the “k” coverage factor to 3 and the confidence level is
automatically changed to its corresponding value and the expanded
uncertainty is updated to reflect the new coverage factor.

Calculated % RH Uncertainty

Description ' Standard Uncertainty (+ Degrees of Freedor Evaluation |
| | Dew Point 0.259574539 Infinity Type B
__Témpemﬁme 0.069310025 Infiruty Type B
n Pressure 0.000044581 Infinity Type B
#*
Confidence: |55.?3 % Iz” k= |3.1] Iz”
Expanded Combined Uncertainty: |0 80600538215 | L=
Hfective Degrees of Freedom: |hmmw | I Ok I
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Clicking the Ok button will close the drop down form. We can see the title
now displays the Confidence level that we set in the drop down form. All
the expanded uncertainties for all the humidity parameters have been
updated to reflect the new Confidence level.

Calculated ¥alues [Expanded U with 99.73% Confidence]

*%RH 3873407869 || £0.808 v | Specific Hurmiditb 0.007E04899 | [£0.0002
* | Absolute Humidity B9EA70489 || 201802 W
Diew Point |10.0 £0.300  w | Dy dir Density 1163511193 | | #12701 =

COMPLEX CHILLED MIRROR %RH UNCERTAINTY

This example will perform the same type of uncertainty calculation for a
Chilled Mirror Hygrometer as the previous example, but with individual
uncertainty components for the Dew Point.

Configuration
Set the Configuration.
Configuration
Temperature Scale | 1TS5-50 * | Camier Gas IDI'Y Air 'I Mode INDHTIE|
Equilibrium Cwver Water - Apply Enhancement Factors Known IDew Paint
Units
Set the Units.
Units
Temperature T w
Preszure Fa w
Yapor Pressure Fa

Denzity and Abs Humidity | g/m™3

Erithalpy Jig v
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Known Values
Enter the Known Values.

K.nown Yalues [Standard u)

Dew Paint (10,0 [+0000 |
Temperature |25, 20000 |
Presswe 1013250 | [+0.000 |

| Calculate |

Individual Components of Uncertainty

Click the drop down arrow at the right of the uncertainty field to open a
drop down that allows entry of individual components of uncertainty for the
given known value.

K.nown Yalues [Standard u)

Creww Point 10.0 +0.000 | " |

Temperature |25_|:| ||1|:|_|:||:||:| w |
Pressure |1|:|1 295 1 | |¢|:|_|:||:||:| v |
L Calculate J

This form allows entry of individual uncertainty components and more
detailed uncertainty values.

Individual Dew Point Components of Uncertainty

Description: | | Dew Point l

Uncertainty: w | Description Urcertainty [i]l k= |Distributi0n Degrees of Freedom | Evaluation
Distribution: |Normal Vl

Degrees of Freedom:

E valuation: |T_|,JpeE vl

Combined Standard Uncertainty: |iD.DDD |
Add Effective Degrees of Freedom: ||nfinity | L Ok J
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To enter an individual

uncertainty component, start by entering the
relative information about the uncertainty component in the left frame.

Note: HumiCalc will not allow the entry to be added until it has a
valid uncertainty value (anything but zero). While it 1is always

recommended to

enter a detailed description, HumiCalc does

not

require 1it, but it will apply its own generic description 1if the
user leaves the field blank.

Individual Dew Point Components of Uncertainty

Degrees of Freedom: | Infinity

E valuation: | Tope B

v

Description: |Chilled Firror S pecification | Dewy Point l

Uncertainty: |tEI.‘I w | Description Uncertairty [i]l k= |Distributi0n Degrees of Freedom | Ewaluation
k= (1.00

Distribution: |Normal V|

Combined Standard Uncertainty: |iD.DDD |

Degrees of Freedom:

E valuation: | TopeB

]

Add Effective Degrees of Freedom: ||nfinit_l,.l | [ ]2
Enter a second component.
Individual Dew Point Components of Uncertainty
Description: |Dew Praint Standard | Diew Paint l
Uncertainty: |iD.D15 vl Dezcription Uncertainty [i]|k= |Distribution Degrees of Freedom | Evaluation
Chilled Mirrar Specifical 0.1 1 Mormal Infinit Type B

- . C : =

Distribution: |Normal Vl

Add

Combined Standard Uncertainty: |1D.1DD |

Effective Degrees of Freedom: |Infinity | [
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To edit any entered component, simply click the item in the grid and edit

any value in the left frame.

Individual Dew Point Components of Uncertainty

Description: |Chilled Mirror Specification | Dew Point l

Uncertaint_l,l[t]lk= |Distributi0n |Degreesof Freedom |Evaluati0n

Uncertainty: |tD.1 w | Description
v [ . Chilled kirrar 5 =1 0.1 1 Hormal Infinity Tupe B
g . Dew Paint Standard  0.015 1 Marmal Inifiity Tupe B

Distribution: |[3] ectangular
Degrees of Freedom: | Infinity
E valuation: |T_|,Jpe B vl

Combined Standard Uncertainty: |+0.101118742080753 |

Effective Degrees of Freedom: |Infinity

Once completed with the changes, select the “Update” button to confirm the
changes.
Individual Dew Point Components of Uncertainty
Description: | | Diew Paint l
Uncertainty: | vl Dezcription |Un-:ertainty [t]|k= Diztribution |Degree& of Freedom |Evaluatinn
Chilled Mirrar Specifical 0.1 1 Rectangular |Infinit Type B
= e i 58 [Pectngiar friet 2
|| Dew Point Standard  0.015 1 Mormal Infinity Type B
Distribution: |Normal vl *
Degrees of Freedom:
E valuation: |T_|,JpeB vl
Combined Standard Uncertainty: |20 059651 7672272443
Add Effective Degrees of Freedom: Infinity L Ok

To delete any entered component,
select the Delete button.

simply click the item in the grid and then

Individual Dew Point Components of Uncertainty

Description: |Chilled Mirror Specification | Diew Paint l

Uncertainty: | vl Dezcription Uricertainty [t]| k= |Distribution |Degrees of Freedaom |Evaluation
- T Noma i et

Distribution: |F|ectangulal Vl

Degrees of Freedom:

Evaluation: |Ty|:ueB vl

Effective Degrees of Freedom:

Combined Standard Uncertainty: |iD.059851?8?22?2443 |

[ nirity
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Individual Dew Point Components of Uncertainty

Description: |Dew Faint Standard | Diew Point l

Uncertainty: | vl Uricertainty [t]| k= |Distribution |Degrees af Freedaonm |Evaluation
- 0.015 1 Marmal Irifiriity Type B

Distribution: |Nolmal Vl

Degrees of Freedom:

Evaluation: |Ty|:ueB vl

Combined Standard Uncertainty: |iD.D15 |
Effective Degrees of Freedom: ||nfinit_l,l | ,_ k.

To enter a new component, click the grid row marked by the “*”.

Individual Dew Point Components of Uncertainty

Description: | | Diew Paint l
Uncertainty: | vl Dezcription |Un-:ertainty [t]| k= |Distributic-n |Degrees of Freedaom |Evaluation
Dew Point Standard 0015 1 Maormal Infinity TypeB
- ~
k- -

Distribution: |Norma| Vl

Degrees of Freedom:

Ewaluation: |T_l,l|:|eB vl

Combined Standard Uncertainty: |tD.D15 |
Add Effective Degrees of Freedom: ||nfiﬂil_'r' | L 13 J

For this new component we will enter an uncertainty estimate based on a
statistical method that has a degrees of freedom (DOF) value. Later in the
example we will see the effects the DOF value has on the “k” coverage
factor at a specific confidence level.

Individual Dew Point Components of Uncertainty

Description: |Mirror Standard Deviation | Diew Paint l
Uncertainty: |1U_‘|D‘| vl Dezcription |Uncertainty [t]| k= |Distribution |Degrees af Freedaonm |Evaluation
" Dew Point Standard 0015 1 tarmal Infiinity TypeB

Distribution: |Nolmal Vl

Degrees of Freedom:

Evaluation: |T_|,||:|eA vl

Combined Standard Uncertainty: |iD.D15 |
Add Effective Degrees of Freedom: ||nfinil5' | ’_ Ok,
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HumiCalc will automatically combine all the individual components of
uncertainty and degrees of freedom and will display the combined results at
the bottom of the right frame under the grid.

Individual Dew Point Components of Uncertainty

Description: | | Dew Point l
Uncertainty: w | Description |Uncertaint_l,l [i]l k= |Distributi0n |Degrees of Freedom | Ewaluation
= || Dew Paint Standard — 0.015 1 Marmal Irifirity Tupe B
= || Mirrar Standard Deviati 0101 1 Marmal 125.0 Tupe A
Distribution: |Normal Vl

*
e _
E valuation: |T_|,JpeE vl

Combined Standard Uncertainty: |0.102107786186351 |
Add Effective Degrees of Freedom: |130.5?49??31 5338 | L Ok ]

Click the Ok button to close the drop down form. We now see the updated

combined standard uncertainty in the known values uncertainty field for Dew
Point.

K.nown Yalues [Standard u)

Dew Point 100 | ll v |
Temperature |25, ||+0.000 v |
Presswe  [1m1azs.0  |[:0000 |

[ Calculate J

Perform the Calculations
Click the Calculate button.

“ [ Calculate J

Results
Look at the calculated values for the Expanded %RH Uncertainty (U).

Calculated Yalues [Expanded U with 95_45% Confidence]

%RH 3873407569 || #0.5352 + | Specific Humidity \0.007604833 || 0.0001 + |
Frazst Paint # | Abzalute Huridity |3.9521?E|489 ||tﬂ.1238 V|

Dew Paint |10.0 || 40,2062 % | Dry Air Dersity (T1E9.511193 ||$0.193 + |
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Detailed Uncertainty Results

To view more detailed %RH uncertainty data, click the

drop down arrow at
the right of the uncertainty field.

Calculated Yalues [Expanded U with 95 45% Confidence]

%RH 38.73407869 || +0.5352 Specific Hurmidity 0007E04833 || +0.0007 »
* | Abzolute Hurmidity B9E21T0433 | (#01238 W
Drew Foint (100 +0.2062 | Dy Air Density 1163511193 | (201399 w

A drop down form will appear displaying the components that made up the
Expanded %RH Uncertainty (U). Again,

from this we can see each components
contribution to the total uncertainty.

Calculated % RH Uncertainty

Description Standard Uncertainty (+ Degrees of Freedom Evaluation
Dew FPoint Standard 0.038936138 Infinity Type B
Mirror Standard Deviation 0.262170335 125.0 Type A

#*:

Confidence: 55457% 2| k= 202 2

-

COpenina New
Expanded Combined Uncertainty: | =0 53524470179 Worksheet

Hfective Degrees of Freedom: 130 5745773153

|I
e

Also note the “k” coverage factor is 2.02 for a 95.45% confidence. This is
because the effective degrees of freedom value is such that a different
coverage factor 1is required to meet the confidence level specified.

HumiCalc automatically calculates these values wusing a

t-distribution
table.

Note: Refer to NIST Technical Note 1297 “Guidelines for Evaluating
and Expressing the Uncertainty of NIST Measurement Results” Table
B.1 for an example of a t-distribution table.
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TWO-PRESSURE GENERATOR %RH UNCERTAINTY

This example will perform %$RH uncertainty calculation for a Single Pressure
Transducer Two Pressure Generator. This type of generator shares a single
pressure transducer between the saturator and chamber.

Configuration
Set the Configuration.

Configuration
Temperature Scale | 1TS-90 - Camier Gas [Dw Air '] Maode [Two Pressure v]
Equilibrium Ower Apply Enhancement Factors Kniown [Satulation Pressure ']

Set the Generator Configuration to use a single pressure transducer. This
will tell HumiCalc that a component of the pressure uncertainty is shared
between the Saturator and Chamber.

Options | Help
ﬁ;;_? HumiCalc Mode ’
Je  Saturation Vapor Pressure Equation  » [Dr_',.rﬂ.ir *] Mode @
A Psychrometer Coefficient » Incement Factors Known | Saturz
]  Uncertainty 3
d Values (BExpanded U with 95.45% Confiden
I« Generator Configuration - Individual Pressure Transducers |~
@—
J_ C ot Pt |5inqle Pressure Transducer
:Igtnure 250 0000 [»] . Individual Pressure Transducers
- Dew Paint Set Saturator Efficiency
147 snnnn [
Units
Set the Units.
Units
Temperature T -
Pressure pzia
Yapor Pressure a

-
£ €%

Density and Abs Hurmidity | g/m™3

E nthalpy J/a w
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Known Values
Enter the Known Values.

K.nown Yalues [Standard u)

S aturation 180.0 +0.000 s
Preszsure

S aturation L +0.000
Temperature

Test 147 +0.000
Preszsure

Test 25.0 +0.000
Temperature

Calculate

Individual Components of Uncertainty

Click the drop down arrow at the right of the Saturation Pressure
uncertainty field to open the individual components of uncertainty drop
down.

Known Yalues [Standard u]

Saturation 150.0 +0.000 !
Prezsure .

Saturation 250 +0.000
Temperature
Test 147 0000 W
Prezsure
Test 250 £0.000 W
Temperature

Calculate

We notice that the drop down form is slightly different from what we had
seen 1in the previous example. There are now selectable tabs above the
grid. These tabs allow the user to select uncertainty that will be applied
only to this item (Saturator Pressure) or uncertainty that will be applied
collectively with the chamber pressure (Pressure Transducer) .

Note: It is important to understand this concept. All uncertainty
components entered for a common component such as the Pressure
Transducer or Temperature Probe will be applied as a single entity
during the calculation process. Therefore it 1is not the same as
entering the 1identical uncertainty values for both the Saturator
Pressure and Chamber Pressure or Saturator Temperature and Chamber
Temperature, because these 1items will be treated as separate
entities during the calculation process.
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Individual Saturation Pressure Components of Uncertainty

Description: | | | S aturation Pressure | Prezsure Transducer

Uncertainty: | vl Dezcription Uricertainty [t]|k= |Distribution Deqrees of Freedom | Ewvaluation
‘-

Distribution: |Nolmal Vl

Degrees of Freedom:

Evaluation: |Ty|:ueB vl

Combined Standard Uncertainty: |iD.DDD |
Add Effective Degrees of Freedom: ||nfinit_l,l | L k. J

Under this tab the user would enter all relative uncertainty information
about the pressure transducer. For example, the specifications supplied by
the manufacture of the pressure transducer. Most pressure transducer
manufactures list full scale accuracy or uncertainty and in this example we
will show how to enter a percent of full scale uncertainty.

To enter a full scale uncertainty, click the drop down arrow on the
uncertainty field.

Individual Saturation Pressure Components of Uncertainty

Description: |F'ressure Transducer Sped | | S aturation Pressure | Pressure Transducer

Uncertainty: |tD I@I Description Uncertainty [t]|k= |Distributic-n |Degree& of Freedam |Evaluatinn
‘-

Distribution: |Nolmal Vl

Degrees of Freedom:

E valuation: |T_|,JpeE vl

Combined Standard Uncertainty: | +0.000
Add Effective Degrees of Freedom: Infinity L Ok J

Enter a percent of full scale value. Then select “% Full Scale” and enter
the full scale value.

Cavebe  [oof | peenor (50

[¥] % of Full Scale

7 % of Reading .

Click the Ok button
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Individual Saturation Pressure Components of Uncertainty

Description: |re Transducer Specification | | S aturation Pressure | Prezsure Transducer

Uncertainty: |1U_|35 vl Dezcription Uricertainty [t]|k= |Distribution Deqrees of Freedom | Ewvaluation
-

Distribution: |F|ectangulal Vl

Degrees of Freedom:

Evaluation: |Ty|:ueB vl

Combined Standard Uncertainty: |iD.DDD |
Add Effective Degrees of Freedom: ||nfinit_l,l | ,_ k.

e

Add the component. Notice that HumiCalc automatically calculated the
standard uncertainty for the % full scale value we just entered.

Individual Saturation Pressure Components of Uncertainty

Description: | | | S aturation Pressure | Pressure Transducer

Uncertainty: | vl Dezcription |Uncertainty [t]| k= |Distribution |Degrees of Freedaom |Evaluation
Pressure Transducer S 0.075 1 Fectangular  Infinity Type B
= o |
‘- -
Distribution: |Nolmal Vl
Degrees of Freedom:
Evaluation: |Ty|:ueB vl
Combined Standard Uncertainty: |iD.D433012?‘D1 832219 |
Add Effective Degrees of Freedom: ||ﬂfiﬂil5' | ( Ok J

Now we will enter another component. This time we will add the standard or
reference used when calibrating the pressure transducer.

Individual Saturation Pressure Components of Uncertainty

Description: |F'ressure Standard | | S aturation Pressure | Pressure Transducer

Uncertainty: |iU.UE‘ vl Dezcription |Uncertainty [t]| k= |Distribution |Degrees af Freedaonm |Evaluation
Pressure Transducer S 0.075 1 Fectangular  Infinity Type B
= o |
‘- -
Distribution: |Nolmal Vl
Degrees of Freedom:
Evaluation: |Ty|:ueB vl
Combined Standard Uncertainty: |iD.D433012?‘D1 832219 |
Add Effective Degrees of Freedom: | Infirity | ( Ok J

Add the component.
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Individual Saturation Pressure Components of Uncertainty

Description: | | |m[m]

Uncertainty: | vl Dezcription |Uncertainty [t]| k= |Distribution |Degrees of Freedaom |Evaluation
ke e St 00 1 N i s

Distribution: |Nolma| vl *

Degrees of Freedom:

Evaluation: |Ty|:ueB vl

Add Effective Degrees of Freedom:

Combined Standard Uncertainty: |iD.DE2B?82BS?B4283? |

[ Infinity > ]

Click the Ok button

We now see the updated Saturation Pressure Standard Uncertainty and we also
see that HumiCalc has automatically updated the Test Pressure Standard

Uncertainty as well.
the shared pressure transducer.

Known Yalues [Standard u]

5 aturation |15|:|.|:| | +0.0527 v|
Prezsure
S aturation |25.|:| ||¢|:|_|:||:||:| v|
Temperature
Test 147 | £0.0527 ~ |
Prezsure
Test B [+0.000 v |
Temperature

|. Calculate J
Open the individual components
Pressure.

Known Yalues [Standard u)

5 aturation |15|:|.|:| | |¢|:|,|:|52? w |
Prezsure
S aturation |25_|:| | |¢|:|_|:||:||:| w |
TemperatLre
Test |14,? ||tI:I.EIEE? b
Prezsure
Test 50 ||+0.000 |
T emperature

|. Calculate J
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Again we see the Pressure Transducer Uncertainty that we entered through
the individual Saturation components of uncertainty drop down in the
previous steps.

Individual Test Pressure Components of Uncertainty

Description: | | |m[m]

Uncertainty: vl Description |Uncertaint_l,l [t]|k= |Distributi0n |Degrees of Freedom |Evaluati0n
ke | ettt 0051 N Tt

Distribution: |Nolmal Vl #*

Degrees of Freedom:

E valuation: |T_|,JpeB vl

Combined Standard Uncertainty: |iD.DE2E?82EB?E42ES? |
Add Effective Degrees of Freedom: ||nfinity | L Ok J

Now we are going to enter a pressure hysteresis, again this is normally
listed in the specification of the pressure transducer. For this example we
are only going to apply the hysteresis to the Test Pressure. We are doing
this to demonstrate how HumiCalc will allow the user to enter shared
uncertainty components yet still allow the wuser to enter specific
uncertainty that is only applicable to either the saturator or chamber.

Select the Test Pressure Tab above the grid.

Individual Test Pressure Components of Uncertainty

Description: | | Test Pressure m|

Uncertainty: | vl Description Uncertainty [t]|k= |Distributic-n |Degree& of Freedam |Evaluatinn
‘-

Distribution: |Nolmal Vl

Degrees of Freedom:

E valuation: |T_|,JpeE vl

Combined Standard Uncertainty: |20 0526732687642637
Add Effective Degrees of Freedom: Infinity L Ok ]
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Enter the pressure hysteresis information.

Individual Test Pressure Components of Uncertainty

Distribution: | Rectangular e |

Degrees of Freedom: | Infinity

]

Ewaluation: | Tupe B

Description: |Pressure Hysteresiz | Test Pressure | Pressure Transducer|
Uncertainty: |tD.D1| vl Description Uncertainty (£] k= | Distribution | Degress of Freedom | Evaluation
-

Add

Combined Standard Uncertainty: |tD.DEZB?82BS?B4283? |

Effective Degrees of Freedom: ||nfinil_','

Add the component.

Notice that HumiCalc has updated the combined standard

uncertainty to include all components from both the Test Pressure tab and
the shared Pressure Transducer tab.

Individual Test Pressure Components of Uncertainty

Test Pressure | Pressure Transducer|

Description: | |

Uncertainty: |E] v|
-

Distribution: | Normel v/

Degrees of Freedom: | Infinity

Description Uncertaint_l,l[i]|k= |Distribution Degrees of Freedom

E valuation

Pressure Hysteresis 0.01 1 Rectangular  Infinity

Type B

Evaluation: |T_|,npeB vl
Combined Standard Uncertainty: | £0.0529337103186155
Add Effective Degrees of Freedom: Infinity L Ok J
Click the Ok button
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We now see the updated Test Pressure Standard Uncertainty. Notice that it
now differs from the Saturation Pressure Uncertainty. This is because the
Test Pressure Standard Uncertainty now contains an additional hysteresis
component that we entered for the Test Pressure.

Known Yalues [Standard u]

S aturation 180.0 +0.0527
Fressure

S aturation 2510 +0.000  w
Temperature

Test 147 #1053 W
Prezsure

Test 25.0 +0.000
Temperature

Calculate

Perform the Calculations
Click the Calculate button.

V [ Calculate

Results
Look at the calculated values for the Expanded $RH Uncertainty (U).

Calculated ¥alues [Expanded U with 95_45% Conhdence]

ZRH 1008075832 | |£0.0655 ' || Specific Hurmidity 00013623018 | | X1E-006 »
Frost Paint |-7.673276028 | 00746 % | Absalute Humidity 2327828961 | |#0.0152 W
Dew Point |-8.634161533 | |+0.0833 » | Dy Air Dengity 1180601247 | |#23514 W

Detailed Uncertainty Results
View the detailed %RH uncertainty data by clicking the drop down arrow at
the right of the uncertainty field.

Calculated Yalues [Expanded U with 95.45% Confidence]

#%RH 10.06075832 || £0.0655 Specific: Hurnidity 0.001962018 | [#1E-006
Frast Paint | -7 67327028 || £0.0746 % | Abszalute Humidity 23278289651 | |20.0152 w
Dew Paoint | -8.E34161933 || £0.0833 % | Dy &ir Density 180501247 | (#8514 W
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Notice that all three of the entered components are displayed along with
their individual contribution to the total uncertainty.

Calculated %RH Uncertainty

Description ' Standard Uncertainty (+ Degrees of Freedor Evaluation |
n Pressure Hysteresis 0.003935988 Infinity Type B
n Pressure Transducer Specifici 0.026730058 Infinity Type B
n Pressure Standard 0.018519128 Infinity Type B
*
Confidence: |55.45 % Iz” k= |2.1] Iz”
Expanded Combined Uncertainty: 006551267405 | | Worksheet
Hfective Degrees of Freedom: |kﬁmw | | Dl |
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AS FOUND ERROR EXAMPLES

These examples deal with HumiCalc’s ability to perform “As Found Error”

calculations. These can only be performed in the “Conversion with As Found
Error” HumiCalc Mode. These examples are again structured with the focus to
demonstrate how to enter and calculate as found error. The wvalues entered

throughout these examples are simply for demonstration purposes.

Options | Help
s -
| o TeeTEoDis r |Cunver5inn5 with Uncertainty >
Jx  Saturation Vapor Pressure Equation  » QE Conversions Only y
o Conversions with Uncertain
A Psychrometer Coefficient g & | Conversions with As Found Error
2]  Uncertainty 3 )
d Values (Expanded U with 95.45% Confid
' Generator Cl:unfiguraticlrl 4 1006075833 +0.0655 El Sp&ﬂﬂﬂ Hurmidil

TWO PRESSURE GENERATOR AS FOUND ERROR

This example will perform an “As Found” calculation for a Two-Pressure type
generator to see what the effect the pressure and temperature error have on
the generated humidity. This is a common question after a calibration of a
Two-Pressure type generator, since it 1s not obvious what influence the
different pressure and temperature errors have on the generated humidity.

Configuration
Set the Configuration.

Configuration

Temperature Scale | 1T5-90 - Camier Gas [Dryﬁir '] Mode [Twc Pressure v]
Equilibrium Orver Apply Enhancement Factars Known [Satulation Pressure vl

Units
Set the Units.
Units
Temperature
Preszure pzia
Yapor Pressure F

Density and Abs Humidity | g/m™3

E nthalpy

HRERE
£ 0L 1) (] %

HumiCalc® with Uncertainty Reference Manual: 3.0.1.1 Rev B 83



Known Values
Enter the Known Values.

Note: The entered known value will always be treated as the Unit
under Test (UUT) value.

K.nown ¥Yalues [(Az Found Ermror]

S aturation 180.0 +0.000 s
Pressure

S aturation 2510 +0.000  w
Temperature

Test 14.7 +0.000  w
Preszure

Test 50 +0.000  w
Temperature

Calculate
As Found Error

The “as found error” can be either directly entered into the error field
for each known item or through the use of the drop down form. Here we will
demonstrate the use of the drop down form to enter the as found results
from a calibration.

Note: The user can directly enter the error on the main form, but
cannot on the drop down form. The drop down form 1is designed to
calculate the error based on an entered standard or reference value
and the entered unit under test value. HumiCalc will calculate the
error as the amount the unit under test 1s from the standard or
reference (Error = UUT - Standard).

Click the drop down arrow for the Saturation Pressure

K.nown Yalues [Az Found Error]

S aturation 180.0 +0.000 H
Prezsure .

S aturation 250 +0.000 W
T emperature
Test 14.7 +0.000  w
Preszsure
Test 2510 +0.000
T emperature

Calculate
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This opens the as found drop down form for this item. We can see that the
error is zero because the standard and unit under test have the same value.

Saturation Pressure As Found
Data

Standard or Reference: | 150.0 w

Unit Under Test: 1500 w

Evor: [+0.0

Now we will enter the standard or reference value from the calibration as
well as the Unit under Test value. Notice the Error value is automatically
calculated.

Saturation Pressure As Found
Data

Standard or Reference: 15001 W

Unit Under Test: 149,939 W

Evror: |02

Click the Ok button
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We now see the Saturation Pressure error that we just calculated.

Known Yalues [Az Found Error]

S aturation 14999 0020 W
Fressure

S aturation 2510 #0000  »
Temperature

Test 14.7 +0.000 w
Fressure

Test 510 +0.000 s
Temperature

Calculate

Enter the rest of the values directly.

K.nown ¥Yalues [(As Found Error]

S aturation 149.99 O020  w
Pressure

S aturation 24.99 0010 W
Temperature

Test 14E 00395 W
Prezsure

Test oF 2 hO.030 W
Temperature

Calculate

Perform the Calculations
Click the Calculate button.

V [ Calculate
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Results

Look at the calculated values for the as found error for each humidity
parameter. You can see the effect the “As Found” temperature and pressure
errors have 1in terms %RH, Dew Point or any of the other humidity
parameters. This is very helpful to the user in determining the effects of
an out of tolerance temperature probe or pressure transducer.

Calculated ¥alues [Calculated Error Bazed on As Found Error]

*RH 9975316441 | |-0.0836 % | Specific Hurnidity 0.001366975 | |-9E-007
Frost Point |-7.757290727 | |-0.0751 % | Absolute Humidity 230613374 | |-00155
Dew Point |-8.728016977 | |-0.0839 s | Dy A Density 117235395 73039 w
PPk FIET.85340E | |-1.4781 % | Muoist A Density 1174704564 |[-7.3194 »
PPhw 1970851159 | |-0.9196 % | Saturation Temperature | 24.99 0010w
Grainz/b 1373595811 00064 % | Saturation Preszure 149593 0020 W
Enthalpy  |3016300747 | |+0.0279 » | “Wet Bulb Temperature | 1062820739 | |-0.0392 »
CWP@ETE | 317368564 +8E711 % | Miving Ratio by Volume |0.003167853 || -1E-O06
SWP@Td | 31BE200412 | |-2082 % | Miving Ratio by weight |0.001370851 | |-3E-007
SWP@T: |31BR014573 | |-1.8834 % | Parcent by Volume 0.315784598 00001
F@TtPt  |1.004030138 ||-2E-005 % | Percent by Weight 01396697454 | [-9E-005
F@TdPt |1.003373607 | |-2E-005 | “apaor Male Fraction 0.00315785 E-00B W
F@TsPe |1.030826483 ||-2E-006 » | Dy &ir Maole Fraction 099634215 +1E-D0E w

WORKSHEET EXAMPLE

This example deals with HumiCalc’s ability to perform simple “law of propagation
of uncertainty” type calculations. These calculations can be performed using
HumiCalc worksheets. Worksheets are great for any uncertainty calculation that
is of the same unit even non humidity related uncertainty problems.

SIMPLE UNCERTAINTY CALCULATION

Using a HumiCalc worksheet, determine the expanded combined uncertainty at
a 99.73% confidence given the following three uncertainty components:

1. Temperature measurement uncertainty statically determined from 57
points to be 0.005.

2. Temperature measurement hysteresis specified by the manufacture
to be 0.001 with a rectangular type distribution.

3. Temperature measurement resolution of 0.01.
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Create a new Worksheet
Open a new worksheet by selecting New Worksheet under the File menu.

e HumiCalc with Uncertainty

File | Options Help
| New b | ) Solution Ctel+N
& Open Ctrl+0  Worksheet  Ctrl+Shift+N

Enter Individual Uncertainty Components

Start by entering the first individual uncertainty component. The first
component will have a k=1 since the problem did not specify a k value. We
will assume a normal distribution because this is a statically determined
value and we will set the degrees of freedom to the number of sample points
minus one (57-1=56). Since this was a statically determined value we will
set it to be a Type A evaluation.

G" Uncertainty Worksheet

File Help

Description: |T[meas] | |

Uncertainty: 0.005 =]

e 101

Distribution: | Noml -

Degrees of Freedom:

Evaluation: |Type A -

<Enter Your Notes Here> |  Combined Standard Uncertainty: |1{I.i]]] |

Confidence: (35.45% |4 k=20 1]

Expanded Combined Uncertainty: |=0.000 |

Hiective Degrees of Freedom: |Inﬁnﬂy |
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Once the information for the component has been entered, press the Add
button to add the component to the worksheet.

G" Uncertainty Waorksheet

File Help

Description: |

Uncertainty- =i (=] | Uncertainty (£ k= | Distribution | Degrees of Freedom| Evaluation

. 0.005 1 Normal 56.0 Type A

mﬂﬁhlmnﬂﬁqma v]

Degrees of Freedom:

Evaluation: |Type B -

<Enter Your Motes Here> Combined Standard Uncertainty: |¢0m5

Confidence: 3545%  [4] k= 205 |2
Expanded Combined Uncertainty: | +0.0102285
Hfective Degrees of Freedom: |5E.l]

Next add the information for the second individual uncertainty component.
The second component has a rectangular distribution and is a Type B
evaluation since it is based on a manufacturer’s specification.

@" Uncertainty Worksheet

File Help

Description: | Thyst]

Uncertainty: |=0.001 | Uncertainty (£ k= | Distribution | Degrees of Freedom | Evaluation
0.005 1 Normal 56.0 Type A

Degrees of Freedom:

Evaluation: [Type B

<Enter Your Notes Here Combined Standard Uncertainty: | +0.005

Confidence: (9545%  |&] k=205 |&/

Expanded Combined Uncertainty: |ﬂ].ﬂ1ﬂ2235
Hfective Degrees of Freedom: |56.l]
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Add the component. Notice that HumiCalc automatically updates the Combined
Standard and Expanded Uncertainty as each component is added.

(@) Uncertainty Worksheet (= | = e
File Help
Description: | | |
Uncertainty: =] (=] Description | Uncertainty (£|k= | Distribution | Degrees of Freedom | Evaluation
= || TImeas] 0.005 1 MNormal 560 Type A

k= [ THhystl 0.001 1 Rectangular Infinity Type B
Distribution- | Nomal -
Degrees of Freedom:
Evaluation: [Type B -

<Erter Your Notes Here> +| Combined Standard Uncertainty: =0.00503322296 |
Confidence: 95.45% |4 k= 204 |2

Expanded Combined Uncertainty: | +0.01029041109 |
Hfective Degrees of Freedom:  57.50328238289 |

Last, enter the final individual wuncertainty component values. The last
component has a resolution type distribution and is again a Type B

evaluation.
G} Uncertainty Worksheet @Eu
File Help

Description: |T[res]
Uncertainty: +0.01 | Uncertainty (£ k= | Distribution | Degrees of Freedom| Evaluation
0.005 1 Normal 56.0 Type A

= 0.001 1 Rectangular Infinity Type B

Distribution: ]

Degrees of Freedom:

Evaluation: [Type B v]

<Enter Your Notes Herex Combined Standard Uncertainty: |tﬂ.m5033222%

Confidence: 9545% (4] k=204 |2

Expanded Combined Uncertainty: |11].D'IDZ!]]41'ICB
Hfective Degrees of Freedom: |5?.50323333339
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Add the component.

&" Uncertainty Worksheet

Degrees of Freedom:

Evaluation: [ije B ']

File Help
Description: | | |
Uncertainty: =] =] Description | Uncertainty (£ k= | Distribution | Degrees of Freedom| Evaluation
- | | TImeas] 0.005 1 Normal 56.0 Type A
k= | Tihyst) 0.001 1 Rectangular Infinity Type B
Distribution: | Nermal > ||| Tires] 0.0 1 Resolution  Infinity Type B

«<Enter Your Notes Here

Combined Standard Uncertainty: 200058022584 |

Confidence: 95.45 %

B k=202 12

Hfective Degrees of Freedom:

Expanded Combined Uncertainty: =0.01174922726 |

1015566222222 |

Now select the desired confidence level

of 99.73%.
automatically recalculates the correct k factor for the given confidence
and effective degrees of freedom.

Notice how HumiCalc

Degrees of Freedom:

Evaluation: [Type B ']

[ G’ Uncertainty Warksheet E@u
File Help
Description: | | |
Uncertainty: | =0 =] Description | Uncertainty (£ k= | Distribution | Degrees of Freedom| Evaluation
- || TImeas] 0.005 1 MNormal 56.0 Type A
= [ | Tihysd 0.001 1 Rectangular Infinity TypeB
Distribution: | Nomal - Tlres] 001 1 Resolution Infinity TypeB

<Enter Your Notes Here

Combined Standard Uncertainty:  +0.0058022384 |

(Cmﬁderm: 99.73 %

|i|ﬂk= 308

Hfective Degrees of Freedom:

Expanded Combined Uncertainty: 00178452478 |

1015566222222 |
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Add Notes

Worksheets also allow the user to record notes on the worksheet that are
stored along with the entries when the worksheet is saved.

[ @ Uncertainty Worksheet [E=SHER =
File Help
Description: | | |
Uncertainty: | =0 [~] Description | Uncertainty (£ k= | Distribution | Degrees of Freedom| Evaluation
= | Timeas] 0.005 1 MNormal 560 Type &
k= | Thhyst] 0.001 1 Rectangular Infinity Type B
Distribution: [Ncmal v] || Tlres] 0.01 1 Resclution Infinity Type B
Degrees of Freedom:
Evaluation: |Type B -
Uncertairty Budget for RTD S00037] || Combined Standard Uncertainty: | +0.0058022984 |
Confidence: (95.73%  |[4] k=308 |2
Expanded Combined Uncertainty: |£0.0178452478 |
- || Hfective Degrees of Freedom: | 101.5566222222 |
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A

APPENDIX A

HUMIDITY TERMS AND DEFINITIONS

TS
Saturation Temperature is the temperature at which air is fully saturated
with water vapor to the 100 %RH condition.

Tc

Test Temperature is the temperature at which all conversions are performed.
Test temperature is synonymous with chamber temperature. In a majority of
applications, test temperature will be the ambient room temperature.

TD
Dew Point Temperature is the temperature to which a gas must be cooled in
order to just begin condensing water vapor in the form of dew. Generally,

dew point exists at temperatures above freezing. However, dew point may
actually exist below freezing, but it is important to note that dew point is
not the same as frost point.

TF
Frost Point Temperature is the temperature to which a gas must be cooled in
order to just begin condensing water vapor in the form of frost. Frost point

only exists at temperatures below freezing.

TW

Wet Bulb temperature is used in wet bulb / dry bulb aspirated Psychrometry,
and is the temperature measured by a temperature probe whose tip is coated
with water (typically by being covered with a wet sock). When aspirated at a
constant air velocity, the wet bulb will cool due to evaporation of the water
from the probe. The cool temperature, to which it equilibrates, is used in
the calculation of humidity parameters.
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A

Psychrometer Coefficient.

Rs
Saturation Pressure is the absolute pressure at which air is fully saturated
with water vapor to the 100 %RH condition.

FE
Test Pressure is the absolute pressure at which all conversions are
performed. Test pressure is synonymous with chamber pressure. In a majority

of applications, test pressure will be the absolute ambient pressure.

e(T)

Saturation Vapor Pressure is a function of temperature. The function can best
be described by a lab setup. Imagine a chamber whose temperature T can be
controlled. The chamber is partially filled with water. Initially, the
remaining space is a vacuum. The pressure P of the space over the water can
be measured. At a fixed temperature, water molecules will leave the water and
enter the space above at a fixed rate. As water molecules accumulate over
the liquid water, the pressure there will increase, and molecules will re-
enter the liquid at an increasing rate. Finally, water molecules will be
entering and leaving the ligquid at the same rate, giving equilibrium and a
constant pressure P over the water. The equilibrium pressure P is the
Saturation Vapor Pressure at temperature T.

e, (Ts)
Saturation Vapor Pressure computed at the Saturation Temperature with respect
to ice.

ew(TS)

Saturation Vapor Pressure computed at the Saturation Temperature with respect
to water.

e (Te)

Saturation Vapor Pressure computed at the Test/Chamber Temperature with
respect to ice.

e, (Tc)

Saturation Vapor Pressure computed at the Test/Chamber Temperature with
respect to water.
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e,(Tp)
Saturation Vapor Pressure computed at the Dew/Frost Temperature with respect

to ice. For Dew Point Temperatures below freezing, this vapor pressure is
computed at the Frost Point Temperature.

e, (To)

Saturation Vapor Pressure computed at the Dew Temperature with respect to
water.

& (Tw)
Saturation Vapor Pressure computed at the Wet Bulb Temperature with respect
to ice.

e, (Tw)

Saturation Vapor Pressure computed at the Wet Bulb Temperature with respect
to water.

fi(Ts, Ps)

Enhancement Factor for Ice at Saturation Temperature and Pressure. The
enhancement factor corrects for the non-ideal behavior of a gas admixed with
water vapor. The enhancement factor is a function of two independent
variables, pressure and temperature.

fw(TS’PS)

Enhancement Factor for Water at Saturation Temperature and Pressure. The
enhancement factor corrects for the non-ideal behavior of a gas admixed with
water vapor. The enhancement factor is a function of two independent
variables, pressure and temperature.

in}’FE)

Enhancement Factor for Ice at Chamber/Test Temperature and Pressure. The
enhancement factor corrects for the non-ideal behavior of a gas admixed with
water vapor. The enhancement factor is a function of two independent
variables, pressure and temperature.

fW(TC’ PC)

Enhancement Factor for Water at Chamber/Test Temperature and Pressure. The
enhancement factor corrects for the non-ideal behavior of a gas admixed with
water vapor. The enhancement factor is a function of two independent
variables, pressure and temperature.
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fi(TD'PC)

Enhancement Factor for Ice at Dew/Frost Temperature and Chamber/Test
Pressure. For Dew Point Temperatures below freezing, this vapor pressure is
computed using the Frost Point Temperature. The enhancement factor corrects
for the non-ideal behavior of a gas admixed with water wvapor. The
enhancement factor is a function of two independent variables, pressure and
temperature.

fW(TD’ PC)

Enhancement Factor for Water at Dew Temperature and Chamber/Test Pressure.
The enhancement factor corrects for the non-ideal behavior of a gas admixed
with water vapor. The enhancement factor is a function of two independent
variables, pressure and temperature.

M

\
Molecular Weight of Water Vapor (18.02 g/mol)

M

a
Molecular Weight of Air (28.9645 g/mol)

R
Universal Gas Constant (8.31432) as defined by The US Standard Atmosphere,
1976 (USSA1976) .

%RH

Percent Relative Humidity is the ratio of the amount of water vapor in a
sample to the maximum amount possible at the same temperature and pressure.

PPM,,
Parts per Million by Volume is a ratio of the number of molecules of water
vapor to the number of molecules of the other constituents in the gas. Once

established, PPMv is pressure and temperature insensitive.

PPM,,
Parts per Million by Weight is a ratio of the weight of the water vapor in a
sample to the weight of the remaining constituents in the gas. Once

established, PPMw is pressure and temperature insensitive.

Grains/Ib

Grains per Pound is a ratio of the weight, in grains, of water vapor to the
weight, in pounds, of the other constituents in the gas. (7000 grains = 1
pound)
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WVOL

Mixing Ratio by Volume is a ratio of the partial pressure of the water vapor
to the partial pressure of the remaining constituents in the sample.

WW T

Mixing Ratio by Weight is a ratio of the weight of the water vapor to the
weight of the remaining constituents in the sample.

h

Enthalpy is a measure of the amount of energy required to change a gas from
one temperature/humidity value to another. In application, enthalpy is not
used as an absolute value, but rather it is the difference in enthalpy
between two distinct points which are of interest. The datum point which
results in zero enthalpy was therefore arbitrarily chosen at a test
temperature of 0 °C and 0 %RH. Applying enthalpy is a matter of computing
the difference in enthalpy between two or more distinct calculations.

Enthalpy

P

Specific Humidity is a ratio of the weight of the water vapor to the total
weight of the humidified gas.

Pan

Absolute humidity is the weight of water vapor per unit volume of humidified
gas.

pDry
Partial Dry Air Density is the weight per unit volume of only the dry air
portion of a moist air sample. In other words, if the water vapor were

removed from a fixed volume of air, the remaining dry air would exhibit this
density.

pMoist

Moist Air Density is the total weight per unit volume of a moist air sample.
This density includes both the weight of the air and the weight of the water
vapor.

X

v
Vapor Mole Fraction is the mole fraction of water vapor in a sample. It is
the ratio of the amount of moles of water vapor to the total moles of the
moist air sample. Using Dalton’s law of partial pressure this can be
represented by the partial pressure of the water vapor divided by the total
pressure of the moist air sample. Vapor Mole Fraction and Dry Air Mole
Fraction are related by the fact that Dry Air Mole Fraction plus Vapor Mole
Fraction always equals one.
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X

a
Dry Air Mole Fraction is the mole fraction of the dry air portion of a
sample. The dry air portion is considered to be all constituents in a gas
exclusive of the water vapor. Dry Air Mole Fraction and Vapor Mole Fraction
are related by the fact that Dry Air Mole Fraction plus Vapor Mole Fraction
always equals one.

%

Vv
Percent by Volume is a ratio (expressed as a percentage) of the partial
pressure of the water vapor to the total pressure of the sample.

%

w

Percent by Weight is a ratio (expressed as a percentage) of the weight of the

water vapor to the total weight of the sample.

u.

]
Individual Standard Uncertainty.

u

C
Combined Standard Uncertainty is the combined individual standard
uncertainties using the law of propagation of uncertainty.

U

Expanded Uncertainty is a measure of uncertainty that defines an interval
about the measurement result within which the value of the measurand is
confidently believed to lie.

k

The value of the coverage factor k is chosen on the basis of the desired

level of confidence to be associated with the interval defined by U = k*Uc.
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HUMIDITY EQUATIONS

WEXLER’S SATURATION VAPOR PRESSURE FOR WATER

Wexler’s(l) formula for the saturation vapor pressure over water in the

pure phase with Hardy’s(9) adjusted coefficients for the ITS-90
temperature scale is as follows:

6 .
ne,=>gT"?+g,InT

i=0
Where ew is the vapor pressure(Pa), over water and T is the temperaure (Kelvin)
ITS-90 adjusted coefficients:
g, =-2.83657440E + 03
g, =-6.02807656E + 03
g, =195426361E + 01
g, =-2.73783019E-02
g, =162616980E-05
g5 = 7.02290560E -10
g =—1.86800090E —13
g, = 2.71503050E + 00
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WEXLER’S SATURATION VAPOR PRESSURE FOR ICE

Hyland’s & Wexler’s(2) formula for the saturation vapor pressure over

ice in the pure phase with Hardy’s(9) adjusted coefficients for the
ITS-90 temperature scale is as follows:

4 .
Ine, => kT +ksInT

i=0

Where €; is the vapor pressure(Pa), overice and T is the temperaure (Kelvin)
ITS-90 adjusted coefficients:

k, =—5.86664260E + 03

k, =2.2328702E + 01

k, =139387003E — 02

k, =-3.42624020E-05

k, = 2.70409550E-08

k, = 6.70635220E-01

SONNTAG’S SATURATION VAPOR PRESSURE FOR WATER

Sonntag’s (6) reference formula for the saturation vapor pressure in the
pure phase with respect to water is as follows:

3 .
ne,=>gT " +g,-T

i=0

Where €,,, is the vapor pressure(Pa), over water and T is the temperaure (Kelvin)
ITS-90 coefficients:

g, = —6096.9385

g, = 21.2409642

g, =-2.711193E -2

g, =1673952E -5

g, =2.433502
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SONNTAG’S SATURATION VAPOR PRESSURE FOR ICE

Sonntag’s (6) reference formula for the saturation vapor pressure in the
pure phase with respect to ice is as follows:

3 .
e, => kT +k,-InT

i=0
Where €; is the vapor pressure(Pa), overice and T is the temperaure (Kelvin)
ITS-90 coefficients:
k, =—6024.5282
k, =29.32707
k, =1.0613868E — 2
k, =-1.3198825E -5
k, =—-0.49382577

ENHANCEMENT FACTOR

Greenspan’s (3) functional equation for the enhancement factor when air
is used as the carrier gas at a given pressure and temperature is as
follows:

B _e(M) P
f(T,P)_exp{a(l 5 j+b(e(T) 1}}

Where :
P =The absolute pressure (Pa)
e(T) = The saturation pressure (Pa) over water or ice at temperature T (Kelvin)

a=3 (AT
Inb:i(Bi T
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ITS-90 coefficients for water 223.15 to 273.15 (Kelvin):
A, =-5.5898101x10

A, =+6.7140389x10~*
A, =-2.7492721x10°°
A, = +3.8268958 x10"°
B, =-8.1985393x10"

B, = +5.8230823x10 "
B, =-1.6340527x10"°
B, = +1.6725084 x10"°

ITS-90 coefficients for water 273.15 to 373.15 (Kelvin):
A, =-1.6302041x10""

A =+1.8071570x10"°
A, = -6.7703064x10°°
A, = +8.5813609x10°°
B, = —5.9890467 x 10"

B, = +3.4378043x10™"
B, =-7.7326396x10~*
B, = +6.3405286 x10~"
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ITS-90 coefficients for ice 173.15 to 223.15 (Kelvin):
A, =-7.4712663x107°

A, =+9.5972907 x10~*
A, =-4.1935419x10°°
A, = +6.2038841x10°°
B, = —1.0385289 x 10*

B, = +8.5783626 10"
B, =-2.8578612x10"°
B, = +3.5499292x10°°

ITS-90 coefficients for ice 223.15 to 273.15 (Kelvin):
A, =—7.1044201x107°

A =+8.6786223x10°*
A, =-3.5912529x10°°
A, = +5.0194210x10"°
B, = —8.2308868 x 10"

B, = +5.6519110x10"
B, = -1.5304505x10"°
B, = +1.5395086 x10~°

RELATIVE HUMIDITY

Relative Humidity formula based on the effective saturation vapor
pressure for a given pressure and temperature is as follows:

P TR eT) 4o
P f(Te ) e(Te)

%RH =
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FROST POINT

Frost point temperature and vapor pressure are obtained by iteratively
solving the following equation (not applicable with temperatures above
freezing):

Ine,(T-)+In f,(T-,P.) = RH +Ine(T.)+In f(T;,P.)

DEW POINT

Dew point temperature and vapor pressure are obtained by iteratively
solving the following equation:

Ine,(Ty)+Inf,(Ty,P.)=IRH +Ine(T.)+In f(T,,F)

PARTS PER MILLION BY VOLUME

PPMV — f (TD’ PC )e(TD) 106
FE _'f(TD’FE)e(TD)

PARTS PER MILLION BY WEIGHT

PPM = MV . f(TD’PC)e(TD) 106
"M, P (T, Po)e(Ty)

GRAINS PER POUND

Grains/Ib = M, F(To, Fe )e(To)

-7000
hﬂa FE _'f(TD1FE)e(TD)
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MIXING RATIO BY VOLUME

__ F(To.Ro)e(Ty)
R (T, Poe(To)

MIXING RATIO BY WEIGHT

_ M, T, P)e()

"M, P - (To, Pe)e(T,)

ENTHALPY (SI)

Enthalpy in J/g with Tc in °C and based on a reference state point for
the dry-air component of 0 °C.

h =1.005-T, + W, (2500.9 +1.805-T,)

Enthalpy

ENTHALPY (I-P)

Enthalpy in BTU/lb with Tc in °F and based on a reference state point
for the dry-air component of 0 °F.

h =0.240-T. +W,,;(1061+0.444-T.)

Enthalpy

SPECIFIC HUMIDITY

_ M, (e(Tp) f (To, Pc))
Ma(Pc _e(TD)f(TD'PC))+Mv(e(TD)f(TD1PC))

P

ABSOLUTE HUMIDITY

_ M, (e(T) f (T, Re))

B T
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DRY AIR DENSITY

P — Ma(Pc _e(TD)f(TD’PC))
o R-T,

MOIST AIR DENSITY

M,(P. —e(Tp) f (Mo, P))+ M, (e(T,) fF (T, Pe))
Pmoist = RTC

VAPOR MOLE FRACTION

Xv — f(TD' PC)e(TD)
I:)C

DRY AIR MOLE FRACTION

o P (T, Po)e(Ty)
a Pc

PERCENT BY VOLUME

o — 1 (To Po)e(Ty)

\

-100.0

C

PERCENT BY WEIGHT

_ M, (e(Tp) f (Tp, Fe)) 1
! Ma(Pc _e(TD)f(TD’ Pc))+ Mv(e(TD)f(TD’PC))

%

00.0
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WET BULB TEMPERATURE

Wet bulb temperature (Ty) 1s obtained by iteratively solving the
following equation.

Where:
Temperatures are in Kelvin.
A = Psychrometer Coefficient

e(TD)f(TD’FE)::e(RN)f(RN’FE)_”A'FE'(TE'_TW)

Ferrel’s Psychrometer Coefficient Formula.

A=6.6x10"-(1+0.00115- (T, — 273.15))

WELCH-SATTERTHWAITE

Used to Estimate the effective degrees of freedom.

g (y)

ctut(x;)
i

Vafp = %

i=1

LAW OF PROPAGATION OF UNCERTAINTY

“RSS” root-sum-of-squares or square root of the sum-of-the squares method
of combining uncertainty components.
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