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CHAPTER 20
HUMIDIFIERS
båîáêçåãÉåí~ä=`çåÇáíáçåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK =OMKN
båÅäçëìêÉ=`Ü~ê~ÅíÉêáëíáÅë= KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK =OMKO
båÉêÖó=`çåëáÇÉê~íáçåë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK =OMKP
bèìáéãÉåí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK =OMKQ
`çåíêçäë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK =OMKU
N the selection and application of humidifiers, the designer con-
I siders (1) the environmental conditions of the occupancy or pro-
cess and (2) the characteristics of the building enclosure. Because
these may not always be compatible, a compromise solution is
sometimes necessary, particularly in the case of existing buildings.

ENVIRONMENTAL CONDITIONS

^=é~êíáÅìä~ê=çÅÅìé~åÅó=çê=éêçÅÉëë=ã~ó=ÇáÅí~íÉ=~=ëéÉÅáÑáÅ=êÉä~íáîÉ
ÜìãáÇáíóI=~=êÉèìáêÉÇ=ê~åÖÉ=çÑ=êÉä~íáîÉ=ÜìãáÇáíóI=çê=ÅÉêí~áå=äáãáíáåÖ
ã~ñáãìã= çê= ãáåáãìã= î~äìÉëK= qÜÉ= ÑçääçïáåÖ= Åä~ëëáÑáÅ~íáçåë
Éñéä~áå=íÜÉ=ÉÑÑÉÅíë=çÑ=êÉä~íáîÉ=ÜìãáÇáíó=~åÇ=éêçîáÇÉ=ÖìáÇ~åÅÉ=çå=íÜÉ
êÉèìáêÉãÉåíë=Ñçê=ãçëí=~ééäáÅ~íáçåëK

Human Comfort
qÜÉ=ÅçãéäÉíÉ=ÉÑÑÉÅí=çÑ=êÉä~íáîÉ=ÜìãáÇáíó=çå=~ää=~ëéÉÅíë=çÑ=Üìã~å

ÅçãÑçêí=Ü~ë=åçí=óÉí=ÄÉÉå=Éëí~ÄäáëÜÉÇK=cçê=íÜÉêã~ä=ÅçãÑçêíI=ÜáÖÜÉê
íÉãéÉê~íìêÉ=áë=ÖÉåÉê~ääó=ÅçåëáÇÉêÉÇ=åÉÅÉëë~êó=íç=çÑÑëÉí=ÇÉÅêÉ~ëÉÇ
êÉä~íáîÉ=ÜìãáÇáíó=EëÉÉ=^peo^b=pí~åÇ~êÇ=RRFK

içï= êÉä~íáîÉ= ÜìãáÇáíó= áåÅêÉ~ëÉë= Éî~éçê~íáçå= Ñêçã= íÜÉ= ãÉãJ
Äê~åÉë=çÑ=íÜÉ=åçëÉ=~åÇ=íÜêç~íI=ÇêóáåÖ=íÜÉ=ãìÅçìë=ãÉãÄê~åÉë=áå=íÜÉ
êÉëéáê~íçêó=ëóëíÉãX=áí=~äëç=ÇêáÉë=íÜÉ=ëâáå=~åÇ=Ü~áêK=qÜÉ=áåÅêÉ~ëÉÇ=áåÅáJ
ÇÉåÅÉ=çÑ=êÉëéáê~íçêó=Åçãéä~áåíë=ÇìêáåÖ=íÜÉ=ïáåíÉê=ãçåíÜë=áë=çÑíÉå
äáåâÉÇ=íç=äçï=êÉä~íáîÉ=ÜìãáÇáíóK=béáÇÉãáçäçÖáÅ~ä=ëíìÇáÉë=Ü~îÉ=ÑçìåÇ
äçïÉê=ê~íÉë=çÑ=êÉëéáê~íçêó=áääåÉëë=êÉéçêíÉÇ=~ãçåÖ=çÅÅìé~åíë=çÑ=ÄìáäÇJ
áåÖë= ïáíÜ=ãáÇJê~åÖÉ= êÉä~íáîÉ= ÜìãáÇáíó= íÜ~å= ~ãçåÖ= çÅÅìé~åíë= çÑ
ÄìáäÇáåÖë=ïáíÜ=äçï=ÜìãáÇáíóK

bñíêÉãÉë=çÑ=ÜìãáÇáíó=~êÉ=íÜÉ=ãçëí=ÇÉíêáãÉåí~ä=íç=Üìã~å=ÅçãJ
ÑçêíI=éêçÇìÅíáîáíóI=~åÇ=ÜÉ~äíÜK=cáÖìêÉ=N=ëÜçïë=íÜ~í=íÜÉ=ê~åÖÉ=ÄÉíïÉÉå
PM=~åÇ=SMB=êÜ=E~í=åçêã~ä=êççã=íÉãéÉê~íìêÉëF=éêçîáÇÉë=íÜÉ=ÄÉëí=ÅçåJ
Çáíáçåë=Ñçê=Üìã~å=çÅÅìé~åÅó=EpíÉêäáåÖ=Éí=~äK=NVURFK=få=íÜáë=ê~åÖÉI
ÄçíÜ=íÜÉ=ÖêçïíÜ=çÑ=Ä~ÅíÉêá~=~åÇ=ÄáçäçÖáÅ~ä=çêÖ~åáëãë=~åÇ=íÜÉ=ëéÉÉÇ
~í=ïÜáÅÜ=ÅÜÉãáÅ~ä=áåíÉê~Åíáçåë=çÅÅìê=~êÉ=ãáåáãáòÉÇK

Prevention and Treatment of Disease
oÉä~íáîÉ=ÜìãáÇáíó=Ü~ë=~=ëáÖåáÑáÅ~åí=ÉÑÑÉÅí=çå=íÜÉ=Åçåíêçä=çÑ=~áêJ

ÄçêåÉ=áåÑÉÅíáçåK=^í=RMB=êÜI=íÜÉ=ãçêí~äáíó=ê~íÉ=çÑ=ÅÉêí~áå=çêÖ~åáëãë
áë=ÜáÖÜÉëíI=~åÇ=íÜÉ=áåÑäìÉåò~=îáêìë=äçëÉë=ãìÅÜ=çÑ=áíë=îáêìäÉåÅÉK=qÜÉ
ãçêí~äáíó= ê~íÉ= ÇÉÅêÉ~ëÉë= ÄçíÜ= ~ÄçîÉ= ~åÇ= ÄÉäçï= íÜáë= î~äìÉK= eáÖÜ
ÜìãáÇáíó=Å~å=ëìééçêí=íÜÉ=ÖêçïíÜ=çÑ=é~íÜçÖÉåáÅ=çê=~ääÉêÖÉåáÅ=çêÖ~åJ
áëãëK=oÉä~íáîÉ=ÜìãáÇáíó=áå=Ü~Äáí~ÄäÉ=ëé~ÅÉë=ëÜçìäÇ=ÄÉ=ã~áåí~áåÉÇ
ÄÉíïÉÉå=PM=~åÇ=SMBK

Potential Bacterial Growth
`Éêí~áå=ãáÅêççêÖ~åáëãë=~êÉ=çÅÅ~ëáçå~ääó=éêÉëÉåí=áå=éççêäó=ã~áåJ

í~áåÉÇ=ÜìãáÇáÑáÉêëK=qç=ÇÉíÉê=íÜÉ=éêçé~Ö~íáçå=~åÇ=ëéêÉ~Ç=çÑ=íÜÉëÉ=ÇÉíJ
êáãÉåí~ä=ãáÅêççêÖ~åáëãëI=éÉêáçÇáÅ=ÅäÉ~åáåÖ=çÑ=íÜÉ=ÜìãáÇáÑáÉê=~åÇ
Çê~áåáåÖ=çÑ=íÜÉ=êÉëÉêîçáê=Eé~êíáÅìä~êäó=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=ÜìãáÇáÑáÅ~J
íáçå= ëÉ~ëçåF= ~êÉ= êÉèìáêÉÇK= `çäÇ= ï~íÉê= êÉëÉêîçáê= ~íçãáòáåÖ= êççã
ÜìãáÇáÑáÉêë=Ü~îÉ=ÄÉÉå=Ä~ååÉÇ=áå=ëçãÉ=Üçëéáí~äë=ÄÉÅ~ìëÉ=çÑ=ÖÉêã

qÜÉ= éêÉé~ê~íáçå= çÑ= íÜáë= ÅÜ~éíÉê= áë= ~ëëáÖåÉÇ= íç= q`= UKTI= eìãáÇáÑóáåÖ
bèìáéãÉåíK
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éêçé~Ö~íáçåK=oÉëÉ~êÅÜ=Äó=råò=Éí=~äK=ENVVPF=çå=ëÉîÉê~ä=íóéÉë=çÑ=éäÉJ
åìãJãçìåíÉÇ=êÉëáÇÉåíá~ä=ÜìãáÇáÑáÉêë=ëÜçïÉÇ=åç=ÉîáÇÉåÅÉ=çÑ=çêÖ~åJ
áëã=íê~åëãáëëáçå=çêáÖáå~íáåÖ=Ñêçã=íÜÉ=ÜìãáÇáÑáÉêK=oììÇ=Éí=~äK=ENVVPF
~äëç=ÇÉíÉêãáåÉÇ=íÜ~í=ÜìãáÇáÑáÉêë=ÇáÇ=åçí=~ÇÇ=é~êíáÅäÉë=íç=íÜÉ=ÜÉ~íÉÇ
~áêëíêÉ~ãK

Electronic Equipment
bäÉÅíêçåáÅ=Ç~í~=éêçÅÉëëáåÖ=ÉèìáéãÉåí= êÉèìáêÉë=ÅçåíêçääÉÇ= êÉä~J

íáîÉ=ÜìãáÇáíóK=eáÖÜ=êÉä~íáîÉ=ÜìãáÇáíó=ã~ó=Å~ìëÉ=ÅçåÇÉåë~íáçå=áå=íÜÉ
ÉèìáéãÉåíI=ïÜáäÉ=äçï=êÉä~íáîÉ=ÜìãáÇáíó=ã~ó=éêçãçíÉ=ëí~íáÅ=ÉäÉÅíêáÅJ
áíóK=^äëçI=ê~éáÇ=ÅÜ~åÖÉë=áå=êÉä~íáîÉ=ÜìãáÇáíó=ëÜçìäÇ=ÄÉ=~îçáÇÉÇ=ÇìÉ
íç=íÜÉáê=ÉÑÑÉÅí=çå=Ä~ê=ÅçÇÉ=êÉ~ÇÉêëI=ã~ÖåÉíáÅ=í~éÉëI=ÇáëâëI=~åÇ=Ç~í~
éêçÅÉëëáåÖ=ÉèìáéãÉåíK=dÉåÉê~ääóI=ÅçãéìíÉê=ëóëíÉãë=Ü~îÉ=~=êÉÅçãJ
ãÉåÇÉÇ=ÇÉëáÖå=~åÇ=çéÉê~íáåÖ=ê~åÖÉ=çÑ=PR=íç=RRB=êÜK=eçïÉîÉêI=íÜÉ
ã~åìÑ~ÅíìêÉêÛë=êÉÅçããÉåÇ~íáçåë=ëÜçìäÇ=ÄÉ=~ÇÜÉêÉÇ=íç=Ñçê=ëéÉÅáÑáÅ
ÉèìáéãÉåí=çéÉê~íáçåK

Process Control and Materials Storage
qÜÉ=êÉä~íáîÉ=ÜìãáÇáíó=êÉèìáêÉÇ=Äó=~=éêçÅÉëë=áë=ìëì~ääó=ëéÉÅáÑáÅ

~åÇ=êÉä~íÉÇ=íç=çåÉ=çê=ãçêÉ=çÑ=ëÉîÉê~ä=Ñ~ÅíçêëW

√ `çåíêçä=çÑ=ãçáëíìêÉ=ÅçåíÉåí=çê=êÉÖ~áå
√ o~íÉ=çÑ=ÅÜÉãáÅ~ä=çê=ÄáçÅÜÉãáÅ~ä=êÉ~Åíáçåë
√ o~íÉ=çÑ=Åêóëí~ääáò~íáçå
√ mêçÇìÅí=~ÅÅìê~Åó=çê=ìåáÑçêãáíó
√ `çêêçëáçå
√ pí~íáÅ=ÉäÉÅíêáÅáíó

qóéáÅ~ä=ÅçåÇáíáçåë=çÑ=íÉãéÉê~íìêÉ=~åÇ=êÉä~íáîÉ=ÜìãáÇáíó=Ñçê=íÜÉ
ëíçê~ÖÉ=çÑ=ÅÉêí~áå=ÅçããçÇáíáÉë=~åÇ=íÜÉ=ã~åìÑ~ÅíìêáåÖ=~åÇ=éêçÅÉëëJ
áåÖ=çÑ=çíÜÉêë=ã~ó=ÄÉ=ÑçìåÇ=áå=`Ü~éíÉê=N2 =çÑ=íÜÉ=^peo^b=e~åÇJ
ÄççâÔ^ééäáÅ~íáçåëK

Fig. 1 Optimum Humidity Range for
Human Comfort and Health

Fig. 1 Optimum Humidity Range for
Human Comfort and Health
E^Ç~éíÉÇ=Ñêçã=píÉêäáåÖ=Éí=~äK=NVURF
.
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içï=ÜìãáÇáíó=áå=ïáåíÉê=ã~ó=Å~ìëÉ=ÇêóáåÖ=~åÇ=ëÜêáåâáåÖ=çÑ=ÑìêJ
åáíìêÉI=ïççÇ=ÑäççêëI=~åÇ=áåíÉêáçê=íêáãK=táåíÉê=ÜìãáÇáÑáÅ~íáçå=ëÜçìäÇ
ÄÉ=ÅçåëáÇÉêÉÇ=áå=çêÇÉê=íç=ã~áåí~áå=êÉä~íáîÉ=ÜìãáÇáíó=ÅäçëÉê=íç=íÜ~í
ÉñéÉêáÉåÅÉÇ=ÇìêáåÖ=ã~åìÑ~ÅíìêÉ=çê=áåëí~ää~íáçåK

cçê=ëíçêáåÖ=ÜóÖêçëÅçéáÅ=ã~íÉêá~äëI=ã~áåí~áåáåÖ=Åçåëí~åí=ÜìãáÇJ
áíó=áë=çÑíÉå=~ë=áãéçêí~åí=~ë=íÜÉ=ÜìãáÇáíó=äÉîÉä=áíëÉäÑK=qÜÉ=ÇÉëáÖå=çÑ
íÜÉ=ëíêìÅíìêÉ=ëÜçìäÇ=~äï~óë=ÄÉ=ÅçåëáÇÉêÉÇK=qÉãéÉê~íìêÉ=Åçåíêçä=áë
áãéçêí~åí=ÇìÉ=íç=íÜÉ=Ç~åÖÉê=çÑ=ÅçåÇÉåë~íáçå=çå=éêçÇìÅíë=íÜêçìÖÜ=~
íê~åëáÉåí=äçïÉêáåÖ=çÑ=íÉãéÉê~íìêÉK

Static Electricity
bäÉÅíêçëí~íáÅ=ÅÜ~êÖÉë=~êÉ=ÖÉåÉê~íÉÇ=ïÜÉå=ã~íÉêá~äë=çÑ=ÜáÖÜ=ÉäÉÅJ

íêáÅ~ä=êÉëáëí~åÅÉ=ãçîÉ=~Ö~áåëí=É~ÅÜ=çíÜÉêK=qÜÉ=~ÅÅìãìä~íáçå=çÑ=ëìÅÜ
ÅÜ~êÖÉë=ã~ó=Ü~îÉ=~=î~êáÉíó=çÑ=êÉëìäíëW=ENF=ìåéäÉ~ë~åí=ëé~êâë=Å~ìëÉÇ
Äó= ÑêáÅíáçå= ÄÉíïÉÉå= íïç=ã~íÉêá~äë= EÉKÖKI= ëíçÅâáåÖ= ÑÉÉí= ~åÇ= Å~êéÉí
ÑáÄÉêëFX=EOF=ÇáÑÑáÅìäíó=áå=Ü~åÇäáåÖ=ëÜÉÉíë=çÑ=é~éÉêI=ÑáÄÉêëI=~åÇ=Ñ~ÄêáÅX
EPF=çÄàÉÅíáçå~ÄäÉ=Çìëí=ÅäáåÖáåÖ=íç=çééçëáíÉäó=ÅÜ~êÖÉÇ=çÄàÉÅíë=EÉKÖKI
åÉÖ~íáîÉäó=ÅÜ~êÖÉÇ=ãÉí~ä=å~áäë=çê=ëÅêÉïë=ëÉÅìêáåÖ=Öóéëìã=Äç~êÇ=íç
ïççÇÉå= ëíìÇÇáåÖ= áå= íÜÉ= ÉñíÉêáçê= ï~ääë= çÑ= ~= ÄìáäÇáåÖ= íÜ~í= ~ííê~Åí
éçëáíáîÉäó=ÅÜ~êÖÉÇ=Çìëí=é~êíáÅäÉëFX=EQF=ÇÉëíêìÅíáçå=çÑ=Ç~í~=ëíçêÉÇ=çå
ã~ÖåÉíáÅ=Çáëâë=~åÇ=í~éÉë=íÜ~í=êÉèìáêÉ=ëéÉÅáÑáÅ~ääó=ÅçåíêçääÉÇ=ÉåîáJ
êçåãÉåíëX= ~åÇ= ERF= Ü~ò~êÇçìë= ëáíì~íáçåë= áÑ= ÉñéäçëáîÉ= Ö~ëÉë= ~êÉ
éêÉëÉåíI= ~ë= áå= Üçëéáí~äëI= êÉëÉ~êÅÜ= ä~Äçê~íçêáÉëI= çê= áåÇìëíêá~ä= ÅäÉ~å
êççãëK

fåÅêÉ~ëáåÖ=íÜÉ=êÉä~íáîÉ=ÜìãáÇáíó=çÑ=íÜÉ=ÉåîáêçåãÉåí=êÉÇìÅÉë=íÜÉ
~ÅÅìãìä~íáçå= çÑ= ÉäÉÅíêçëí~íáÅ= ÅÜ~êÖÉëI= Äìí= íÜÉ= çéíáãìã= äÉîÉä= çÑ
ÜìãáÇáíó=ÇÉéÉåÇë=íç=ëçãÉ=ÉñíÉåí=çå=íÜÉ=ã~íÉêá~äë=áåîçäîÉÇK=oÉä~íáîÉ
ÜìãáÇáíó=çÑ=QRB=êÉÇìÅÉë=çê=Éäáãáå~íÉë=ÉäÉÅíêçëí~íáÅ=ÉÑÑÉÅíë=áå=ã~åó
ã~íÉêá~äëI= Äìí= ïççä= ~åÇ= ëçãÉ= ëóåíÜÉíáÅ=ã~íÉêá~äë=ã~ó= êÉèìáêÉ= ~
ÜáÖÜÉê=êÉä~íáîÉ=ÜìãáÇáíóK

eçëéáí~ä=çéÉê~íáåÖ=êççãëI=ïÜÉêÉ=ÉñéäçëáîÉ=ãáñíìêÉë=çÑ=~åÉëíÜÉíJ
áÅë=~êÉ=ìëÉÇI=ÅçåëíáíìíÉ=~=ëéÉÅá~ä=~åÇ=ÅêáíáÅ~ä=Å~ëÉK=^=êÉä~íáîÉ=ÜìãáÇJ
áíó= çÑ= ~í= äÉ~ëí= RMB= áë= ìëì~ääó= êÉèìáêÉÇI= ïáíÜ= ëéÉÅá~ä= ÖêçìåÇáåÖ
~êê~åÖÉãÉåíë= ~åÇ= êÉëíêáÅíáçåë= çå= íÜÉ= íóéÉë= çÑ= ÅäçíÜáåÖ= ïçêå= Äó
çÅÅìé~åíëK= `çåÇáíáçåë= çÑ= TOøc= ~åÇ= RRB= êÜ= ~êÉ= ìëì~ääó= êÉÅçãJ
ãÉåÇÉÇ=Ñçê=ÅçãÑçêí=~åÇ=ë~ÑÉíóK

Sound Wave Transmission
qÜÉ=~áê=~Äëçêéíáçå=çÑ=ëçìåÇ=ï~îÉëI=ïÜáÅÜ=êÉëìäíë=áå=íÜÉ=äçëë=çÑ

ëçìåÇ=ëíêÉåÖíÜI=áë=ïçêëí=~í=NR=íç=OMB=êÜI=~åÇ=íÜÉ=äçëë=áåÅêÉ~ëÉë=~ë
íÜÉ=ÑêÉèìÉåÅó=êáëÉë=Ee~êêáë=NVSPFK=qÜÉêÉ=áë=~=ã~êâÉÇ=êÉÇìÅíáçå=áå
ëçìåÇ=~Äëçêéíáçå=~í=QMB=êÜX=~ÄçîÉ=RMBI=íÜÉ=ÉÑÑÉÅí=çÑ=~áê=~ÄëçêéJ
íáçå= áë= åÉÖäáÖáÄäÉK=^áê= ~Äëçêéíáçå=çÑ= ëçìåÇ=ÇçÉë= åçí= ëáÖåáÑáÅ~åíäó
~ÑÑÉÅí=ëéÉÉÅÜ=Äìí=ã~ó=ãÉêáí=ÅçåëáÇÉê~íáçå=áå=ä~êÖÉ=Ü~ääë=çê=~ìÇáíçêáJ
ìãë=ïÜÉêÉ=çéíáãìã=~ÅçìëíáÅ=ÅçåÇáíáçåë=~êÉ=êÉèìáêÉÇ=Ñçê=ãìëáÅ~ä
éÉêÑçêã~åÅÉëK

Miscellaneous
i~Äçê~íçêáÉë=~åÇ=íÉëí=ÅÜ~ãÄÉêëI=áå=ïÜáÅÜ=éêÉÅáëÉ=Åçåíêçä=çÑ=êÉäJ

~íáîÉ=ÜìãáÇáíó=çîÉê=~=ïáÇÉ=ê~åÖÉ=áë=ÇÉëáêÉÇI=êÉèìáêÉ=ëéÉÅá~ä=~ííÉåJ
íáçåK=_ÉÅ~ìëÉ=çÑ=íÜÉ=áåíÉêêÉä~íáçå=ÄÉíïÉÉå=íÉãéÉê~íìêÉ=~åÇ=êÉä~íáîÉ
ÜìãáÇáíóI=éêÉÅáëÉ=ÜìãáÇáíó=Åçåíêçä=êÉèìáêÉë=Éèì~ääó=éêÉÅáëÉ=íÉãéÉêJ
~íìêÉ=ÅçåíêçäK

ENCLOSURE CHARACTERISTICS

Vapor Retarders
qÜÉ=ã~ñáãìã=êÉä~íáîÉ=ÜìãáÇáíó=äÉîÉä=íç=ïÜáÅÜ=~=ÄìáäÇáåÖ=ã~ó=ÄÉ

ÜìãáÇáÑáÉÇ= áå= ïáåíÉê= ÇÉéÉåÇë= çå= íÜÉ= ~Äáäáíó= çÑ= áíë= ï~ääëI= êççÑI
~åÇ çíÜÉê=ÉäÉãÉåíë=íç=éêÉîÉåí=çê=íçäÉê~íÉ=ÅçåÇÉåë~íáçåK=`çåÇÉåëÉÇ
ãçáëíìêÉ=çê=Ñêçëí=çå=ëìêÑ~ÅÉë=ÉñéçëÉÇ=íç=íÜÉ=ÄìáäÇáåÖ=áåíÉêáçê=EîáëáÄäÉ
ÅçåÇÉåë~íáçåF=Å~å=ÇÉíÉêáçê~íÉ=íÜÉ=ëìêÑ~ÅÉ=ÑáåáëÜI=Å~ìëÉ=ãçäÇ=ÖêçïíÜ
~åÇ=ëìÄëÉèìÉåí=áåÇáêÉÅí=ãçáëíìêÉ=Ç~ã~ÖÉ=~åÇ=åìáë~åÅÉI=~åÇ=êÉÇìÅÉ
îáëáÄáäáíó=íÜêçìÖÜ=ïáåÇçïëK=fÑ=íÜÉ=ï~ääë=~åÇ=êççÑ=Ü~îÉ=åçí=ÄÉÉå=ëéÉJ
ÅáÑáÅ~ääó=ÇÉëáÖåÉÇ=~åÇ=éêçéÉêäó=éêçíÉÅíÉÇ=ïáíÜ=î~éçê=êÉí~êÇÉêë=çå=íÜÉ
ï~êã=ëáÇÉ=íç=éêÉîÉåí=íÜÉ=Éåíêó=çÑ=ãçáëí=~áê=çê=î~éçê=Ñêçã=íÜÉ=áåëáÇÉI
ÅçåÅÉ~äÉÇ= ÅçåÇÉåë~íáçå= ïáíÜáå= íÜÉëÉ= ÅçåëíêìÅíáçåë= áë= äáâÉäó= íç
çÅÅìêI=ÉîÉå=~í=Ñ~áêäó=äçï=áåíÉêáçê=ÜìãáÇáíóI=~åÇ=Å~ìëÉ=ëÉêáçìë=ÇÉíÉêáJ
çê~íáçåK

Visible Condensation

`çåÇÉåë~íáçå=Ñçêãë=çå=~å=áåíÉêáçê=ëìêÑ~ÅÉ=ïÜÉå=áíë=íÉãéÉê~íìêÉ
áë=ÄÉäçï=íÜÉ=ÇÉïJéçáåí=íÉãéÉê~íìêÉ=çÑ=íÜÉ=~áê=áå=Åçåí~Åí=ïáíÜ=áíK=qÜÉ
ã~ñáãìã=êÉä~íáîÉ=ÜìãáÇáíó=íÜ~í=ã~ó=ÄÉ=ã~áåí~áåÉÇ=ïáíÜçìí=ÅçåJ
ÇÉåë~íáçå=áë=íÜìë=áåÑäìÉåÅÉÇ=Äó=íÜÉ=íÜÉêã~ä=éêçéÉêíáÉë=çÑ=íÜÉ=ÉåÅäçJ
ëìêÉ=~åÇ=íÜÉ=áåíÉêáçê=~åÇ=ÉñíÉêáçê=ÉåîáêçåãÉåíK

î̂Éê~ÖÉ=ëìêÑ~ÅÉ=íÉãéÉê~íìêÉë=ã~ó=ÄÉ=Å~äÅìä~íÉÇ=Äó=íÜÉ=ãÉíÜçÇë
çìíäáåÉÇ=áå=`Ü~éíÉê=OP=çÑ=íÜÉ=^peo^b=e~åÇÄççâÔcìåÇ~ãÉåí~äë
Ñçê=ãçëí=áåëìä~íÉÇ=ÅçåëíêìÅíáçåëK=eçïÉîÉêI=äçÅ~ä=ÅçäÇ=ëéçíë=êÉëìäí
Ñêçã= ÜáÖÜJÅçåÇìÅíáîáíó= é~íÜë= ëìÅÜ= ~ë= íÜêçìÖÜJíÜÉJï~ää= Ñê~ãáåÖI
éêçàÉÅíÉÇ=Ñäççê=ëä~ÄëI=~åÇ=ãÉí~ä=ïáåÇçï=Ñê~ãÉë=íÜ~í=Ü~îÉ=åç=íÜÉêã~ä
ÄêÉ~âëK=qÜÉ=îÉêíáÅ~ä=íÉãéÉê~íìêÉ=Öê~ÇáÉåí=áå=íÜÉ=~áê=ëé~ÅÉ=~åÇ=ëìêJ
Ñ~ÅÉ=ÅçåîÉÅíáçå=~äçåÖ=ïáåÇçïë=~åÇ=ëÉÅíáçåë=ïáíÜ=~=ÜáÖÜ= íÜÉêã~ä
ÅçåÇìÅíáîáíó=êÉëìäí=áå=äçïÉê=~áê=~åÇ=ëìêÑ~ÅÉ=íÉãéÉê~íìêÉë=~í=íÜÉ=ëáää=çê
ÑäççêK=aê~éÉë=~åÇ=ÄäáåÇë=ÅäçëÉÇ=çîÉê=ïáåÇçïë=äçïÉê=ëìêÑ~ÅÉ=íÉãéÉêJ
~íìêÉ=ÑìêíÜÉêI=ïÜáäÉ=ÜÉ~íáåÖ=ìåáíë=ìåÇÉê=ïáåÇçïë=ê~áëÉ=íÜÉ=íÉãéÉê~J
íìêÉ=ëáÖåáÑáÅ~åíäóK

få=ãçëí=ÄìáäÇáåÖëI=ïáåÇçïë=éêÉëÉåí=íÜÉ=äçïÉëí=ëìêÑ~ÅÉ=íÉãéÉê~J
íìêÉ=~åÇ=íÜÉ=ÄÉëí=ÖìáÇÉ=íç=éÉêãáëëáÄäÉ=ÜìãáÇáíó=äÉîÉäë=Ñçê=åç=ÅçåJ
ÇÉåë~íáçåK=tÜáäÉ=Å~äÅìä~íáçåë=Ä~ëÉÇ=çå=çîÉê~ää=íÜÉêã~ä=ÅçÉÑÑáÅáÉåíë
éêçîáÇÉ=êÉ~ëçå~Ääó=~ÅÅìê~íÉ=íÉãéÉê~íìêÉ=éêÉÇáÅíáçåë=~í=ãáÇJÜÉáÖÜíI
~Åíì~ä=ãáåáãìã=ëìêÑ~ÅÉ=íÉãéÉê~íìêÉë=~êÉ=ÄÉëí=ÇÉíÉêãáåÉÇ=Äó=íÉëíK
táäëçå= ~åÇ=_êçïå= ENVSQF= êÉä~íÉÇ= íÜÉ= ÅÜ~ê~ÅíÉêáëíáÅë=çÑ=ïáåÇçïë
ïáíÜ=~=temperature indexI=ÇÉÑáåÉÇ=~ë=Eí=−=í

ç
FLEí

á
=−=í

ç
FI=ïÜÉêÉ=í=áë=íÜÉ

áåëáÇÉ=ïáåÇçï=ëìêÑ~ÅÉ=íÉãéÉê~íìêÉI=í
á
=áë=íÜÉ=áåÇççê=~áê=íÉãéÉê~íìêÉI

~åÇ=í
ç
=áë=íÜÉ=çìíÇççê=~áê=íÉãéÉê~íìêÉK

qÜÉ=êÉëìäíë=çÑ=äáãáíÉÇ=íÉëíë=çå=~Åíì~ä=ïáåÇçïë=áåÇáÅ~íÉ=íÜ~í=íÜÉ
íÉãéÉê~íìêÉ=áåÇÉñ=~í=íÜÉ=Äçííçã=çÑ=~=ÇçìÄäÉI=êÉëáÇÉåíá~äJíóéÉ=ïáåJ
Ççï=ïáíÜ=~=Ñìää=íÜÉêã~ä=ÄêÉ~â=áë=ÄÉíïÉÉå=MKRR=~åÇ=MKRTI=ïáíÜ=å~íìê~ä
ÅçåîÉÅíáçå=çå=íÜÉ=ï~êã=ëáÇÉK=pÉ~äÉÇI=ÇçìÄäÉJÖä~òÉÇ=ìåáíë=ÉñÜáÄáí=~å
áåÇÉñ=Ñêçã=MKPP=íç=MKQU=~í=íÜÉ=àìåÅíáçå=çÑ=Öä~ëë=~åÇ=ë~ëÜI=ÇÉéÉåÇáåÖ
çå=ë~ëÜ=ÇÉëáÖåK=qÜÉ=áåÇÉñ=áë=äáâÉäó=íç=êáëÉ=íç=MKRP=çê=ÖêÉ~íÉê=çåäó=N áåK
~ÄçîÉ=íÜÉ=àìåÅíáçåK

táíÜ=Åçåíáåìçìë=ìåÇÉêJïáåÇçï=ÜÉ~íáåÖI=íÜÉ=ãáåáãìã=áåÇÉñ=Ñçê
~=ÇçìÄäÉ=ïáåÇçï=ïáíÜ=~=Ñìää=ÄêÉ~â=ã~ó=ÄÉ=~ë=ÜáÖÜ=~ë=MKSM=íç=MKTMK
råÇÉê=ëáãáä~ê=ÅçåÇáíáçåëI=íÜÉ=áåÇÉñ=çÑ=~=ïáåÇçï=ïáíÜ=~=éççê=íÜÉêã~ä
ÄêÉ~â=ã~ó=ÄÉ=áåÅêÉ~ëÉÇ=Äó=~=ëáãáä~ê=áåÅêÉãÉåíK

cáÖìêÉ=O=ëÜçïë=íÜÉ=êÉä~íáçåëÜáé=ÄÉíïÉÉå=íÉãéÉê~íìêÉ=áåÇÉñ=~åÇ
íÜÉ=êÉä~íáîÉ=ÜìãáÇáíó=~åÇ=íÉãéÉê~íìêÉ=ÅçåÇáíáçåë=~í=ïÜáÅÜ=ÅçåÇÉåJ
ë~íáçå=çÅÅìêëK=qÜÉ=äáãáíáåÖ=êÉä~íáîÉ=ÜìãáÇáíáÉë=Ñçê=î~êáçìë=çìíÇççê
íÉãéÉê~íìêÉë=áåíÉêëÉÅí=îÉêíáÅ~ä=äáåÉë=êÉéêÉëÉåíáåÖ=é~êíáÅìä~ê=íÉãéÉêJ
~íìêÉ=áåÇÉñÉëK=̂ =íÉãéÉê~íìêÉ=áåÇÉñ=çÑ=MKRR=Ü~ë=ÄÉÉå=ëÉäÉÅíÉÇ=íç=êÉéJ
êÉëÉåí= ~å= ~îÉê~ÖÉ= Ñçê= ÇçìÄäÉJÖä~òÉÇI= êÉëáÇÉåíá~ä= ïáåÇçïëX= MKOO
êÉéêÉëÉåíë=~å=~îÉê~ÖÉ=Ñçê=ëáåÖäÉJÖä~òÉÇ=ïáåÇçïëK=q~ÄäÉ=N=ëÜçïë=íÜÉ
äáãáíáåÖ= êÉä~íáîÉ=ÜìãáÇáíáÉë= Ñçê=ÄçíÜ= íóéÉë=çÑ=ïáåÇçïë=~í=î~êáçìë
çìíÇççê=~áê=íÉãéÉê~íìêÉëK=

Table 1 Maximum Relative Humidity In a Space for
No Condensation on Windows

Outdoor Temperature, °F

Limiting Relative Humidity, %

Single Glazing Double Glazing

QM PV RV

PM OV RM

OM ON QP

NM NR PS

M NM PM

−NM T OS

−OM R ON

−PM P NT

kçíÉW=k~íìê~ä=ÅçåîÉÅíáçåI=áåÇççê=~áê=~í=TQøcK



Humidifiers 20.3

 

  
Concealed Condensation
s~éçê=êÉí~êÇÉêë=~êÉ=áãéÉê~íáîÉ=áå=ÅÉêí~áå=~ééäáÅ~íáçåë=ÄÉÅ~ìëÉ=íÜÉ

ÜìãáÇáíó=äÉîÉä=~=ÄìáäÇáåÖ=áë=~ÄäÉ=íç=ã~áåí~áå=ïáíÜçìí=ëÉêáçìë=ÅçåJ
ÅÉ~äÉÇ=ÅçåÇÉåë~íáçå=ã~ó=ÄÉ=ãìÅÜ=äçïÉê=íÜ~å=íÜ~í=áåÇáÅ~íÉÇ=Äó=îáëJ
áÄäÉ=ÅçåÇÉåë~íáçåK=qÜÉ=ãáÖê~íáçå=çÑ=ï~íÉê=î~éçê=íÜêçìÖÜ=íÜÉ=áååÉê
ÉåîÉäçéÉ=Äó=ÇáÑÑìëáçå=çê=~áê=äÉ~â~ÖÉ=ÄêáåÖë=íÜÉ=î~éçê=áåíç=Åçåí~Åí
ïáíÜ=ëìêÑ~ÅÉë=~í=íÉãéÉê~íìêÉë=ÄÉäçï=áíë=ÇÉï=éçáåíK=aìêáåÖ=íÜÉ=ÇÉëáÖå
çÑ=~=ÄìáäÇáåÖI=íÜÉ=ÇÉëáêÉÇ=áåíÉêáçê=ÜìãáÇáíó=ã~ó=ÄÉ=ÇÉíÉêãáåÉÇ=Äó
íÜÉ= ~Äáäáíó= çÑ= íÜÉ= ÄìáäÇáåÖ= ÉåÅäçëìêÉ= íç= Ü~åÇäÉ= áåíÉêå~ä=ãçáëíìêÉK
qÜáë=áë=é~êíáÅìä~êäó=áãéçêí~åí=ïÜÉå=éä~ååáåÖ=Ñçê=ÄìáäÇáåÖ=ÜìãáÇáÑáJ
Å~íáçå=áå=ÅçäÇÉê=Åäáã~íÉëK

ENERGY CONSIDERATIONS

tÜÉå=Å~äÅìä~íáåÖ= íÜÉ=ÉåÉêÖó= êÉèìáêÉãÉåí= Ñçê=~=ÜìãáÇáÑáÅ~íáçå
ëóëíÉãI=íÜÉ=ÉÑÑÉÅí=çÑ=íÜÉ=Çêó=~áê=ÉåîáêçåãÉåí=çå=~åó=ã~íÉêá~ä=ëìéJ
éäóáåÖ=áí=ïáíÜ=ãçáëíìêÉ=ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇK=qÜÉ=êÉäÉ~ëÉ=çÑ=äáèìáÇ
áå=~=ÜóÖêçëÅçéáÅ=ã~íÉêá~ä=íç=~=î~éçê=ëí~íÉ=áë=~å=Éî~éçê~íáîÉ=éêçÅÉëë
íÜ~í=êÉèìáêÉë=ÉåÉêÖóK=qÜÉ=ëçìêÅÉ=çÑ=ÉåÉêÖó=áë=íÜÉ=ÜÉ~í=Åçåí~áåÉÇ=áå
íÜÉ=~áêK=qÜÉ=ÜÉ~í=äçëí=Ñêçã=íÜÉ=~áê=íç=Éî~éçê~íÉ=ãçáëíìêÉ=Éèì~äë=íÜÉ
ÜÉ~í=åÉÅÉëë~êó=íç=éêçÇìÅÉ=~å=Éèì~ä=~ãçìåí=çÑ=ãçáëíìêÉ=î~éçê=ïáíÜ
~å=ÉÑÑáÅáÉåí=ÜìãáÇáÑáÉêK=fÑ=éêçéÉê=ÜìãáÇáíó=äÉîÉäë=~êÉ=åçí=ã~áåí~áåÉÇI
ãçáëíìêÉ=ãáÖê~íáçå=Ñêçã=ÜóÖêçëÅçéáÅ=ã~íÉêá~äë=Å~å=Ü~îÉ=ÇÉëíêìÅíáîÉ
ÉÑÑÉÅíëK

qÜÉ= íêìÉ=ÉåÉêÖó= êÉèìáêÉÇ= Ñçê=~=ÜìãáÇáÑáÅ~íáçå=ëóëíÉã=ãìëí=ÄÉ
Å~äÅìä~íÉÇ=Ñêçã=íÜÉ=~Åíì~ä=ÜìãáÇáíó=äÉîÉä=áå=íÜÉ=ÄìáäÇáåÖI=åçí=Ñêçã
íÜÉ=íÜÉçêÉíáÅ~ä=äÉîÉäK

^=ëíìÇó=çÑ=êÉëáÇÉåíá~ä=ÜÉ~íáåÖ=~åÇ=ÅççäáåÖ=ëóëíÉãë=ëÜçïÉÇ=~=ÅçêJ
êÉä~íáçå=ÄÉíïÉÉå=áåÑáäíê~íáçå=~åÇ=áåëáÇÉ=êÉä~íáîÉ=ÜìãáÇáíóI=áåÇáÅ~íáåÖ
~= ëáÖåáÑáÅ~åí= ÉåÉêÖó= ë~îáåÖ= Ñêçã= áåÅêÉ~ëáåÖ= íÜÉ= áåëáÇÉ= êÉä~íáîÉ
ÜìãáÇáíóI=ïÜáÅÜ=êÉÇìÅÉÇ=áåÑáäíê~íáçå=çÑ=çìíëáÇÉ=~áê=Äó=ìé=íç=RMB=ÇìêJ
áåÖ=íÜÉ=ÜÉ~íáåÖ=ëÉ~ëçå=EiìÅâ=~åÇ=kÉäëçå=NVTTFK=qÜáë=êÉÇìÅíáçå=áë
~éé~êÉåíäó=ÇìÉ=íç=íÜÉ=ëÉ~äáåÖ=çÑ=ïáåÇçï=Åê~Åâë=Äó=íÜÉ=Ñçêã~íáçå=çÑ
ÑêçëíK

qç= ~ëëÉëë= ~ÅÅìê~íÉäó= íÜÉ= íçí~ä= ÉåÉêÖó= êÉèìáêÉÇ= íç= éêçîáÇÉ= ~
ÇÉëáêÉÇ=äÉîÉä=çÑ=ÜìãáÇáíóI=~ää=ÉäÉãÉåíë=êÉä~íáåÖ=íç=íÜÉ=ÖÉåÉê~íáçå=çÑ

Fig. 2 Limiting Relative Humidity for No Window Con-
densation

Fig. 2 Limiting Relative Humidity for No Window 
Condensation
ÜìãáÇáíó=~åÇ=íÜÉ=ã~áåíÉå~åÅÉ=çÑ=íÜÉ=Ñáå~ä=~áê=ÅçåÇáíáçå=ãìëí=ÄÉ=ÅçåJ
ëáÇÉêÉÇK=qÜáë=áë=é~êíáÅìä~êäó=íêìÉ=ïÜÉå=Åçãé~êáåÖ=ÇáÑÑÉêÉåí=ÜìãáÇáJ
ÑáÉêëK= cçê= Éñ~ãéäÉI= íÜÉ= Åçëí= çÑ= ÄçáäÉê= ëíÉ~ã= ëÜçìäÇ= áåÅäìÇÉ
ÖÉåÉê~íáçå=~åÇ=ÇáëíêáÄìíáçå=äçëëÉëX=Åçëíë=Ñçê=~å=Éî~éçê~íáîÉ=ÜìãáÇáJ
ÑáÉê=áåÅäìÇÉ=ÉäÉÅíêáÅ~ä=ÉåÉêÖó=Ñçê=ãçíçêë=çê=ÅçãéêÉëëçêëI=ï~íÉê=ÅçåJ
ÇáíáçåáåÖI=~åÇ=íÜÉ=~ÇÇáíáçå=çÑ=êÉÜÉ~í=EïÜÉå=íÜÉ=Éî~éçê~íáîÉ=ÅççäáåÖ
ÉÑÑÉÅí=áë=åçí=êÉèìáêÉÇFK

Load Calculations
qÜÉ=ÜìãáÇáÑáÅ~íáçå=äç~Ç=ÇÉéÉåÇë=éêáã~êáäó=çå=íÜÉ=ê~íÉ=çÑ=å~íìê~ä

áåÑáäíê~íáçå=çÑ=íÜÉ=ëé~ÅÉ=íç=ÄÉ=ÜìãáÇáÑáÉÇ=çê=íÜÉ=~ãçìåí=çÑ=çìíëáÇÉ=~áê
áåíêçÇìÅÉÇ=Äó=ãÉÅÜ~åáÅ~ä=ãÉ~åëK=líÜÉê=ëçìêÅÉë=çÑ=ãçáëíìêÉ=Ö~áå=çê
äçëë=ëÜçìäÇ=~äëç=ÄÉ=ÅçåëáÇÉêÉÇK=qÜÉ=humidification load=e=Å~å=ÄÉ
Å~äÅìä~íÉÇ=Äó=íÜÉ=ÑçääçïáåÖ=Éèì~íáçåëW

cçê=îÉåíáä~íáçå=ëóëíÉãë=Ü~îáåÖ=å~íìê~ä=áåÑáäíê~íáçåI

ENF

cçê=ãÉÅÜ~åáÅ~ä=îÉåíáä~íáçå=ëóëíÉãë=Ü~îáåÖ=~= ÑáñÉÇ=èì~åíáíó=çÑ
çìíëáÇÉ=~áêI

EOF

cçê=ãÉÅÜ~åáÅ~ä=ëóëíÉãë=Ü~îáåÖ=~=î~êá~ÄäÉ=èì~åíáíó=çÑ=çìíëáÇÉ=~áêI

EPF

ïÜÉêÉ

H = humidification load, lb of water/h

V = volume of space to be humidified, ft3

R = infiltration rate, air changes per hour

Q
o
= volumetric flow rate of outside air, cfm

Q
t
= total volumetric flow rate of air (outside air plus return air), cfm

t
i
= design indoor air temperature, °F

t
m
= design mixed air temperature, °F

t
o
= design outside air temperature, °F

W
i
= humidity ratio at indoor design conditions, lb of water/lb of dry 
air

W
o
= humidity ratio at outdoor design conditions, lb of water/lb of dry 
air

S = contribution of internal moisture sources, lb of water/h

L = other moisture losses, lb of water/h

ρ = density of air at sea level, 0.074 lb/ft3

Design Conditions
fåíÉêáçê=ÇÉëáÖå=ÅçåÇáíáçåë=~êÉ=ÇáÅí~íÉÇ=Äó=íÜÉ=çÅÅìé~åÅó=çê=íÜÉ

éêçÅÉëëI=~ë=ÇáëÅìëëÉÇ=áå=íÜÉ=éêÉÅÉÇáåÖ=ëÉÅíáçåë=çå=båÅäçëìêÉ=`Ü~êJ
~ÅíÉêáëíáÅë= ~åÇ= çå= båîáêçåãÉåí~ä= `çåÇáíáçåëK= lìíÇççê= êÉä~íáîÉ
ÜìãáÇáíó=Å~å=ÄÉ=~ëëìãÉÇ=íç=ÄÉ=TM=íç=UMB=~í=íÉãéÉê~íìêÉë=ÄÉäçï
POøc=çê=RMB=~í=íÉãéÉê~íìêÉë=~ÄçîÉ=POøc=Ñçê=ïáåíÉê=ÅçåÇáíáçåë=áå
ãçëí=~êÉ~ëK=̂ ÇÇáíáçå~ä=Ç~í~=çå=çìíÇççê=ÇÉëáÖå=Ç~í~=ã~ó=ÄÉ=çÄí~áåÉÇ
Ñêçã=̀ Ü~éíÉê=OT=çÑ=íÜÉ=̂ peo^b=e~åÇÄççâÔcìåÇ~ãÉåí~äëK=̂ ÄëçJ
äìíÉ=ÜìãáÇáíó=î~äìÉë=Å~å=ÄÉ=çÄí~áåÉÇ=ÉáíÜÉê=Ñêçã=`Ü~éíÉê=S=çÑ=íÜÉ
^peo^b= e~åÇÄççâÔcìåÇ~ãÉåí~äë= çê= Ñêçã= ~å= ^peo^b= mëóJ
ÅÜêçãÉíêáÅ=`Ü~êíK

cçê=ëóëíÉãë=Ü~åÇäáåÖ=ÑáñÉÇ=çìíëáÇÉ=~áê=èì~åíáíáÉëI=äç~Ç=Å~äÅìä~J
íáçåë=~êÉ=Ä~ëÉÇ=çå=çìíÇççê=ÇÉëáÖå=ÅçåÇáíáçåëK=bèì~íáçå=ENF=ëÜçìäÇ
ÄÉ=ìëÉÇ=Ñçê=å~íìê~ä=áåÑáäíê~íáçåI=~åÇ=bèì~íáçå=EOF=Ñçê=ãÉÅÜ~åáÅ~ä
îÉåíáä~íáçåK

cçê=ÉÅçåçãáòÉêë=íÜ~í=~ÅÜáÉîÉ=~=ÑáñÉÇ=ãáñÉÇ=~áê=íÉãéÉê~íìêÉ=Äó
î~êóáåÖ=çìíëáÇÉ=~áêI=ëéÉÅá~ä=ÅçåëáÇÉê~íáçåë=~êÉ=åÉÉÇÉÇ=íç=ÇÉíÉêãáåÉ
íÜÉ=ã~ñáãìã=ÜìãáÇáÑáÅ~íáçå=äç~ÇK=qÜáë=äç~Ç=çÅÅìêë=~í=~å=çìíëáÇÉ=~áê
íÉãéÉê~íìêÉ=çíÜÉê=íÜ~å=íÜÉ=äçïÉëí=ÇÉëáÖå=íÉãéÉê~íìêÉ=ÄÉÅ~ìëÉ=áí=áë=~
ÑìåÅíáçå=çÑ= íÜÉ=~ãçìåí=çÑ=çìíëáÇÉ=~áê= áåíêçÇìÅÉÇ=~åÇ= íÜÉ=ÉñáëíáåÖ
ãçáëíìêÉ=ÅçåíÉåí=çÑ=íÜÉ=~áêK=bèì~íáçå=EPF=ëÜçìäÇ=ÄÉ=ëçäîÉÇ=Ñçê=î~êáçìë
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çìíëáÇÉ=~áê=íÉãéÉê~íìêÉë=íç=ÇÉíÉêãáåÉ=íÜÉ=ã~ñáãìã=ÜìãáÇáÑáÅ~íáçå
äç~ÇK=fí=áë=~äëç=áãéçêí~åí=íç=~å~äóòÉ=íÜÉ=ÉåÉêÖó=ìëÉ=çÑ=íÜÉ=ÜìãáÇáÑáÉê
EÉëéÉÅá~ääó= Ñçê= ÉäÉÅíêáÅ= ÜìãáÇáÑáÉêëF= ïÜÉå= Å~äÅìä~íáåÖ= íÜÉ= ÉÅçåçJ
ãáòÉê=ëÉííáåÖ=áå=çêÇÉê=íç=ÉåëìêÉ=íÜ~í=íÜÉ=ÉåÉêÖó=ë~îÉÇ=Äó=�ÑêÉÉ=ÅççäJ
áåÖÒ=áë=ÖêÉ~íÉê=íÜ~å=íÜÉ=ÉåÉêÖó=ÅçåëìãÉÇ=Äó=íÜÉ=ÜìãáÇáÑáÉêK

få=êÉëáÇÉåíá~ä=äç~Ç=Å~äÅìä~íáçåëI=íÜÉ=~Åíì~ä=çìíÇççê=ÇÉëáÖå=ÅçåÇáJ
íáçåë= çÑ= íÜÉ= äçÅ~äÉ= ~êÉ= ìëì~ääó= í~âÉå= ~ë= OMøc= ~åÇ= TMB= êÜI=ïÜáäÉ
áåÇççê=ÅçåÇáíáçåë=~êÉ=í~âÉå=~ë=TMøc=~åÇ=PRB=êÜK=qÜÉëÉ=î~äìÉë=óáÉäÇ
~å=~ÄëçäìíÉ=ÜìãáÇáíó=ÇáÑÑÉêÉåÅÉ=Et

á
=−=t

ç
F=çÑ=MKMMQM=äÄ=éÉê=éçìåÇ=çÑ

Çêó=~áê=Ñçê=ìëÉ=áå=bèì~íáçå=ENFK=eçïÉîÉêI=íÜÉ=êÉä~íáîÉ=ÜìãáÇáíó=ã~ó
åÉÉÇ=íç=ÄÉ=äÉëë=íÜ~å=PRB=íç=~îçáÇ=ÅçåÇÉåë~íáçå=~í=äçï=çìíÇççê=íÉãJ
éÉê~íìêÉë=EëÉÉ=q~ÄäÉ=NFK

Ventilation Rate
sÉåíáä~íáçå=çÑ=íÜÉ=ÜìãáÇáÑáÉÇ=ëé~ÅÉ=ã~ó=ÄÉ=ÇìÉ=íç=ÉáíÜÉê=å~íìê~ä

áåÑáäíê~íáçå=~äçåÉ=çê=å~íìê~ä=áåÑáäíê~íáçå=áå=ÅçãÄáå~íáçå=ïáíÜ=áåíÉåJ
íáçå~ä=ãÉÅÜ~åáÅ~ä=îÉåíáä~íáçåK=k~íìê~ä=áåÑáäíê~íáçå=î~êáÉë=~ÅÅçêÇáåÖ
íç= íÜÉ= áåÇççêJçìíÇççê= íÉãéÉê~íìêÉ= ÇáÑÑÉêÉåÅÉI=ïáåÇ= îÉäçÅáíóI= ~åÇ
íáÖÜíåÉëë=çÑ=ÅçåëíêìÅíáçåI=~ë=ÇáëÅìëëÉÇ=áå=̀ Ü~éíÉê=OS=çÑ=íÜÉ=̂ peo^b
e~åÇÄççâÔcìåÇ~ãÉåí~äëK=qÜÉ=ê~íÉ=çÑ=ãÉÅÜ~åáÅ~ä=îÉåíáä~íáçå=ã~ó
ÄÉ= ÇÉíÉêãáåÉÇ= Ñêçã= ÄìáäÇáåÖ= ÇÉëáÖå= ëéÉÅáÑáÅ~íáçåë= çê= Éëíáã~íÉÇ
Ñêçã=Ñ~å=éÉêÑçêã~åÅÉ=Ç~í~=EëÉÉ=^peo^b=pí~åÇ~êÇ=SOFK

få=äç~Ç=Å~äÅìä~íáçåëI=íÜÉ=ï~íÉê=î~éçê=êÉãçîÉÇ=Ñêçã=íÜÉ=~áê=ÇìêáåÖ
ÅççäáåÖ=Äó=~áêJÅçåÇáíáçåáåÖ=çê=êÉÑêáÖÉê~íáçå=ÉèìáéãÉåí=ãìëí=ÄÉ=ÅçåJ
ëáÇÉêÉÇK=qÜáë=ãçáëíìêÉ=ã~ó=Ü~îÉ=íç=ÄÉ=êÉéä~ÅÉÇ=Äó=ÜìãáÇáÑáÅ~íáçå
ÉèìáéãÉåí= íç= ã~áåí~áå= íÜÉ= ÇÉëáêÉÇ= êÉä~íáîÉ= ÜìãáÇáíó= áå= ÅÉêí~áå
áåÇìëíêá~ä=éêçàÉÅíë=ïÜÉêÉ=íÜÉ=ãçáëíìêÉ=ÖÉåÉê~íÉÇ=Äó=íÜÉ=éêçÅÉëë=ã~ó
ÄÉ=ÖêÉ~íÉê=íÜ~å=íÜ~í=êÉèìáêÉÇ=Ñçê=îÉåíáä~íáçå=~åÇ=ÜÉ~íáåÖK

bëíáã~íÉë=çÑ=áåÑáäíê~íáçå=ê~íÉ=~êÉ=ã~ÇÉ=áå=Å~äÅìä~íáåÖ=ÜÉ~íáåÖ=~åÇ
ÅççäáåÖ=äç~Çë=Ñçê=ÄìáäÇáåÖëX=íÜÉëÉ=î~äìÉë=~äëç=~ééäó=íç=ÜìãáÇáÑáÅ~J
íáçå=äç~Ç=Å~äÅìä~íáçåëK=cçê=êÉëáÇÉåÅÉë=ïÜÉêÉ=ëìÅÜ=Ç~í~=~êÉ=åçí=~î~áäJ
~ÄäÉI=áí=ã~ó=ÄÉ=~ëëìãÉÇ=íÜ~í=~=íáÖÜí=ÜçìëÉ=Ü~ë=~å=áåÑáäíê~íáçå=ê~íÉ=çÑ
MKR=~áê=ÅÜ~åÖÉë=éÉê=Üçìê=E^`eFX=~å=~îÉê~ÖÉ=ÜçìëÉI=N=^`eX=~åÇ=~
äççëÉ=ÜçìëÉI=~ë=ã~åó=~ë=NKR=^`eK=^=íáÖÜí=ÜçìëÉ=áë=~ëëìãÉÇ=íç=ÄÉ
ïÉää=áåëìä~íÉÇ=~åÇ=íç=Ü~îÉ=î~éçê=êÉí~êÇÉêëI=íáÖÜí=ëíçêã=ÇççêëI=ïáåJ
Ççïë=ïáíÜ=ïÉ~íÜÉê=ëíêáééáåÖI=~åÇ=~=Ç~ãéÉêÉÇ=ÑáêÉéä~ÅÉK=^å=~îÉê~ÖÉ
ÜçìëÉ=áë=áåëìä~íÉÇ=~åÇ=Ü~ë=î~éçê=êÉí~êÇÉêëI=äççëÉ=ëíçêã=Çççêë=~åÇ
ïáåÇçïëI=~åÇ=~=Ç~ãéÉêÉÇ=ÑáêÉéä~ÅÉK=^=äççëÉ=ÜçìëÉ=áë=ÖÉåÉê~ääó=çåÉ
ÅçåëíêìÅíÉÇ=ÄÉÑçêÉ=NVPM=ïáíÜ=äáííäÉ=çê=åç=áåëìä~íáçåI=åç=ëíçêã=ÇççêëI
åç=áåëìä~íÉÇ=ïáåÇçïëI=åç=ïÉ~íÜÉê=ëíêáééáåÖI=åç=î~éçê=êÉí~êÇÉêëI=~åÇ
çÑíÉå=~=ÑáêÉéä~ÅÉ=ïáíÜçìí=~å=ÉÑÑÉÅíáîÉ=Ç~ãéÉêK=cçê=ÄìáäÇáåÖ=ÅçåëíêìÅJ
íáçåI=êÉÑÉê=íç=äçÅ~ä=ÅçÇÉë=~åÇ=ÄìáäÇáåÖ=ëéÉÅáÑáÅ~íáçåëK

Additional Moisture Losses
eóÖêçëÅçéáÅ= ã~íÉêá~äëI= ïÜáÅÜ= Ü~îÉ= ~= äçïÉê= ãçáëíìêÉ= ÅçåíÉåí

íÜ~å=ã~íÉêá~äë=áå=íÜÉ=ÜìãáÇáÑáÉÇ=ëé~ÅÉI=~ÄëçêÄ=ãçáëíìêÉ=~åÇ=éä~ÅÉ=~å
~ÇÇáíáçå~ä= äç~Ç=çå=íÜÉ=ÜìãáÇáÑáÅ~íáçå=ëóëíÉãK=^å=Éëíáã~íÉ=çÑ= íÜáë
äç~Ç= ÇÉéÉåÇë= çå= íÜÉ= ~Äëçêéíáçå= ê~íÉ= çÑ= íÜÉ= é~êíáÅìä~ê= ã~íÉêá~ä
ëÉäÉÅíÉÇK=q~ÄäÉ=O=áå=`Ü~éíÉê=N2 =çÑ=íÜÉ=^peo^b=e~åÇÄççâÔ^ééäáJ
Å~íáçåë=äáëíë=íÜÉ=ÉèìáäáÄêáìã=ãçáëíìêÉ=ÅçåíÉåí=çÑ=ÜóÖêçëÅçéáÅ=ã~íÉJ
êá~äë=~í=î~êáçìë=êÉä~íáîÉ=ÜìãáÇáíáÉëK

få=Å~ëÉë=ïÜÉêÉ=~=ÅÉêí~áå=ÜìãáÇáíó=ãìëí=ÄÉ=ã~áåí~áåÉÇ=êÉÖ~êÇäÉëë
çÑ=ÅçåÇÉåë~íáçå=çå=ÉñíÉêáçê=ïáåÇçïë=~åÇ=ï~ääëI=íÜÉ=ÇÉÜìãáÇáÑóáåÖ
ÉÑÑÉÅí=çÑ=íÜÉëÉ=ëìêÑ~ÅÉë=ÅçåëíáíìíÉë=~=äç~Ç=íÜ~í=ã~ó=åÉÉÇ=íç=ÄÉ=ÅçåJ
ëáÇÉêÉÇI=áÑ=çåäó=çå=~=íê~åëáÉåí=Ä~ëáëK=qÜÉ=äçëë=çÑ=ï~íÉê=î~éçê=Äó=ÇáÑJ
Ñìëáçå=íÜêçìÖÜ=ÉåÅäçëáåÖ=ï~ääë=íç=íÜÉ=çìíëáÇÉ=çê=íç=~êÉ~ë=~í=~=äçïÉê
î~éçê= éêÉëëìêÉ= ã~ó= ~äëç= ÄÉ= áåîçäîÉÇ= áå= ëçãÉ= ~ééäáÅ~íáçåëK= qÜÉ
éêçéÉêíáÉë=çÑ=ã~íÉêá~äë=~åÇ=Ñäçï=Éèì~íáçåë=ÖáîÉå=áå=̀ Ü~éíÉê=OP=çÑ=íÜÉ
^peo^b=e~åÇÄççâÔcìåÇ~ãÉåí~äë=Å~å=ÄÉ=~ééäáÉÇ=áå=ëìÅÜ=Å~ëÉëK
kçêã~ääóI= íÜáë=ÇáÑÑìëáçå=ÅçåëíáíìíÉë=~=ëã~ää= äç~ÇI=ìåäÉëë=çéÉåáåÖë
Éñáëí= ÄÉíïÉÉå= íÜÉ= ÜìãáÇáÑáÉÇ= ëé~ÅÉ= ~åÇ= ~Çà~ÅÉåí= êççãë= ~í= äçïÉê
ÜìãáÇáíáÉëK

Internal Moisture Gains
qÜÉ=áåíêçÇìÅíáçå=çÑ=~=ÜóÖêçëÅçéáÅ=ã~íÉêá~ä=Å~å=Å~ìëÉ=ãçáëíìêÉ

Ö~áåë=íç=íÜÉ=ëé~ÅÉ=áÑ=íÜÉ=ãçáëíìêÉ=ÅçåíÉåí=çÑ=íÜÉ=ã~íÉêá~ä=áë=~ÄçîÉ
íÜ~í=çÑ=íÜÉ=ëé~ÅÉK=páãáä~êäóI=ãçáëíìêÉ=ã~ó=ÇáÑÑìëÉ=íÜêçìÖÜ=ï~ääë=ëÉéJ
~ê~íáåÖ=íÜÉ=ëé~ÅÉ=Ñêçã=~êÉ~ë=çÑ=ÜáÖÜÉê=î~éçê=éêÉëëìêÉ=çê=ãçîÉ=Äó
ÅçåîÉÅíáçå=íÜêçìÖÜ=çéÉåáåÖë=áå=íÜÉëÉ=ï~ääë=E_êçïå=Éí=~äK=NVSPFK

jçáëíìêÉ=ÅçåíêáÄìíÉÇ=Äó=Üìã~å=çÅÅìé~åÅó=ÇÉéÉåÇë=çå=íÜÉ=åìãJ
ÄÉê=çÑ=çÅÅìé~åíë=~åÇ=íÜÉáê=ÇÉÖêÉÉ=çÑ=éÜóëáÅ~ä=~ÅíáîáíóK=̂ ë=~=ÖìáÇÉ=Ñçê
êÉëáÇÉåíá~ä=~ééäáÅ~íáçåëI=íÜÉ=~îÉê~ÖÉ=ê~íÉ=çÑ=ãçáëíìêÉ=éêçÇìÅíáçå=Ñçê
~=Ñ~ãáäó=çÑ=Ñçìê=Ü~ë=ÄÉÉå=í~âÉå=~ë=MKT=äÄLÜK=råîÉåíÉÇ=ÜÉ~íáåÖ=ÇÉîáÅÉë
éêçÇìÅÉ=~Äçìí=N=äÄ=çÑ=î~éçê=Ñçê=É~ÅÜ=éçìåÇ=çÑ=ÑìÉä=ÄìêåÉÇK=qÜÉëÉ
î~äìÉë=ã~ó=åç= äçåÖÉê=~ééäó=ÄÉÅ~ìëÉ=çÑ= ÅÜ~åÖÉë= áå=ÉèìáéãÉåí=~ë
ïÉää=~ë=áå=äáîáåÖ=Ü~ÄáíëK

fåÇìëíêá~ä=éêçÅÉëëÉë=ÅçåëíáíìíÉ=~ÇÇáíáçå~ä=ãçáëíìêÉ=ëçìêÅÉëK=páåJ
ÖäÉJÅçäçê=çÑÑëÉí=éêáåíáåÖ=éêÉëëÉëI= Ñçê=Éñ~ãéäÉI=ÖáîÉ=çÑÑ=MKQR= äÄ=çÑ
ï~íÉê=éÉê=ÜçìêK= fåÑçêã~íáçå=çå=éêçÅÉëë=ÅçåíêáÄìíáçåë=Å~å=ÄÉëí=ÄÉ
çÄí~áåÉÇ=Ñêçã=íÜÉ=ã~åìÑ~ÅíìêÉê=çÑ=íÜÉ=ëéÉÅáÑáÅ=ÉèìáéãÉåíK

Supply Water for Humidifiers
qÜÉêÉ= ~êÉ= íÜêÉÉ= ã~àçê= Å~íÉÖçêáÉë= çÑ= ëìééäó= ï~íÉêW= éçí~ÄäÉ

EìåíêÉ~íÉÇF= ï~íÉêI= ëçÑíÉåÉÇ= éçí~ÄäÉ= ï~íÉêI= ~åÇ= ÇÉãáåÉê~äáòÉÇ
xÇÉáçåáòÉÇ=EafF=çê=êÉîÉêëÉ=çëãçëáë=EolFz=ï~íÉêK=báíÜÉê=íÜÉ=~ééäáÅ~J
íáçå=çê=íÜÉ=ÜìãáÇáÑáÉê=ã~ó=êÉèìáêÉ=~=ÅÉêí~áå=ï~íÉê=íóéÉX=íÜÉ=ÜìãáÇJ
áÑáÉê=ã~åìÑ~ÅíìêÉêÛë=äáíÉê~íìêÉ=ëÜçìäÇ=ÄÉ=ÅçåëìäíÉÇK

få=~êÉ~ë=ïáíÜ=ï~íÉê=Ü~îáåÖ=~=ÜáÖÜ=ãáåÉê~ä=ÅçåíÉåíI=éêÉÅáéáí~íÉÇ
ëçäáÇë=ã~ó=ÄÉ=~=éêçÄäÉãK=qÜÉó=ÅäçÖ=åçòòäÉëI=íìÄÉëI=Éî~éçê~íáîÉ=ÉäÉJ
ãÉåíëI= ~åÇ= ÅçåíêçäëK= få= ~ÇÇáíáçåI= ëçäáÇë= ~ääçïÉÇ= íç= ÉåíÉê= íÜÉ= ~áêJ
ëíêÉ~ã=îá~=ãáëí=äÉ~îÉ=~=ÑáåÉ=ä~óÉê=çÑ=ïÜáíÉ=Çìëí=çîÉê=ÑìêåáíìêÉI=ÑäççêëI
~åÇ=Å~êéÉíëK=pçãÉ=ïÉííÉÇ=ãÉÇá~=ÜìãáÇáÑáÉêë=ÄäÉÉÇ=çÑÑ=~åÇ=êÉéä~ÅÉ
ëçãÉ=çê=~ää=çÑ=íÜÉ=ï~íÉê=é~ëëáåÖ=íÜêçìÖÜ=íÜÉ=ÉäÉãÉåí=íç=êÉÇìÅÉ=íÜÉ
ÅçåÅÉåíê~íáçå=çÑ=ë~äíë=áå=íÜÉ=êÉÅáêÅìä~íáåÖ=ï~íÉêK

aìëíI=ëÅ~äáåÖI=ÄáçäçÖáÅ~ä=çêÖ~åáëãëI=~åÇ=Åçêêçëáçå=~êÉ=~ää=éçíÉåJ
íá~ä=éêçÄäÉãë=~ëëçÅá~íÉÇ=ïáíÜ=ï~íÉê=áå=ÜìãáÇáÑáÉêëK=pí~Öå~åí=ï~íÉê
Å~å=éêçîáÇÉ=~=ÑÉêíáäÉ=ÄêÉÉÇáåÖ=ÖêçìåÇ=Ñçê=~äÖ~É=~åÇ=Ä~ÅíÉêá~I=ïÜáÅÜ
Ü~îÉ=ÄÉÉå=äáåâÉÇ=íç=çÇçê=~åÇ=êÉëéáê~íçêó=~áäãÉåíëK=_~ÅíÉêá~ä=ëäáãÉ
êÉ~Åíë=ïáíÜ=ëìäÑ~íÉë=áå=íÜÉ=ï~íÉê=íç=éêçÇìÅÉ=ÜóÇêçÖÉå=ëìäÑáÇÉ=~åÇ=áíë
ÅÜ~ê~ÅíÉêáëíáÅ= Ä~Ç= çÇçêK=oÉÖìä~ê=ã~áåíÉå~åÅÉ= ~åÇ= éÉêáçÇáÅ= ÇáëáåJ
ÑÉÅíáåÖ= ïáíÜ= ~ééêçîÉÇ= ãáÅêçÄáÅáÇÉë= ã~ó= ÄÉ= êÉèìáêÉÇ= EmìÅâçêáìë
Éí ~äK=NVVRFK=qÜáë=Ü~ë=åçí=ÄÉÉå=~=éêçÄäÉã=ïáíÜ= êÉëáÇÉåíá~ä= ÉèìáéJ
ãÉåíX=ÜçïÉîÉêI=êÉÖìä~ê=ã~áåíÉå~åÅÉ=áë=ÖççÇ=éê~ÅíáÅÉ=ëáåÅÉ=ÄáçÅáÇÉë
~êÉ=ÖÉåÉê~ääó=ìëÉÇ=çåäó=ïáíÜ=~íçãáòáåÖ=ÜìãáÇáÑáÉêëK

Scaling
fåÇìëíêá~ä=é~å=ÜìãáÇáÑáÉêëI=ïÜÉå=ëìééäáÉÇ=ïáíÜ=ï~íÉê=íÜ~í=áë=å~íJ

ìê~ääó=äçï=áå=Ü~êÇåÉëëI=êÉèìáêÉ=äáííäÉ=ã~áåíÉå~åÅÉI=éêçîáÇÉÇ=~=ëìêJ
Ñ~ÅÉ=ëâáããÉê=ÄäÉÉÇçÑÑ=áë=ìëÉÇK

t~íÉê=ëçÑíÉåáåÖ=áë=~å=ÉÑÑÉÅíáîÉ=ãÉ~åë=çÑ=Éäáãáå~íáåÖ=ãáåÉê~ä=éêÉJ
Åáéáí~íáçå=áå=~=é~åJíóéÉ=ÜìãáÇáÑáÉêK=eçïÉîÉêI=íÜÉ=ÅçåÅÉåíê~íáçå=çÑ
ëçÇáìã=äÉÑí=áå=~=é~å=~ë=~=êÉëìäí=çÑ=ï~íÉê=Éî~éçê~íáçå=ãìëí=ÄÉ=ÜÉäÇ
ÄÉäçï=íÜÉ=éçáåí=çÑ=éêÉÅáéáí~íáçå=Äó=ÑäìëÜáåÖ=~åÇ=ÇáäìíáåÖ=íÜÉ=í~åâ
ïáíÜ=åÉï=ëçÑíÉåÉÇ=ï~íÉêK=qÜÉ= ÑêÉèìÉåÅó=~åÇ=Çìê~íáçå=çÑ=Çáäìíáçå
ÇÉéÉåÇ=çå=íÜÉ=ï~íÉê=Ü~êÇåÉëë=~åÇ=íÜÉ=ê~íÉ=çÑ=Éî~éçê~íáçåK=aáäìíáçå
áë= ìëì~ääó= ~ÅÅçãéäáëÜÉÇ= ~ìíçã~íáÅ~ääó= Äó= ~= íáãÉêJçéÉê~íÉÇ= Çê~áå
î~äîÉ=~åÇ=~=ï~íÉê=ã~âÉìé=î~äîÉK

aÉãáåÉê~äáòÉÇ=çê=êÉîÉêëÉ=çëãçëáë=EolF=ï~íÉê=ã~ó=~äëç=ÄÉ=ìëÉÇK
qÜÉ=ÅçåëíêìÅíáçå=ã~íÉêá~äë=çÑ= íÜÉ=ÜìãáÇáÑáÉê=~åÇ= íÜÉ=éáéáåÖ=ãìëí
ïáíÜëí~åÇ=íÜÉ=ÅçêêçëáîÉ=ÉÑÑÉÅíë=çÑ=íÜáë=ï~íÉêK=`çããÉêÅá~ä=ÇÉãáåÉêJ
~äáòÉêë=çê=ol=ÉèìáéãÉåí=êÉãçîÉë=Ü~êÇåÉëë=~åÇ=çíÜÉê=íçí~ä=ÇáëëçäîÉÇ
ëçäáÇë=ÅçãéäÉíÉäó=Ñêçã=íÜÉ=ÜìãáÇáÑáÉê=ã~âÉìé=ï~íÉêK=qÜÉó=~êÉ=ãçêÉ
ÉñéÉåëáîÉ= íÜ~å= ï~íÉê= ëçÑíÉåÉêëI= Äìí= åç= ÜìãáÇáÑáÉê= éìêÖáåÖ= áë
êÉèìáêÉÇK=páòáåÖ=áë=Ä~ëÉÇ=çå=íÜÉ=ã~ñáãìã=êÉèìáêÉÇ=ï~íÉê=Ñäçï=íç=íÜÉ
ÜìãáÇáÑáÉê=~åÇ=íÜÉ=~ãçìåí=çÑ=íçí~ä=ÇáëëçäîÉÇ=ëçäáÇë=áå=íÜÉ=ã~âÉìé
ï~íÉêK

EQUIPMENT

eìãáÇáÑáÉêë=Å~å=ÖÉåÉê~ääó=ÄÉ=Åä~ëëáÑáÉÇ=~ë=ÉáíÜÉê= êÉëáÇÉåíá~ä=çê
áåÇìëíêá~äI= ~äíÜçìÖÜ= êÉëáÇÉåíá~ä=ÜìãáÇáÑáÉêë= Å~å=ÄÉ=ìëÉÇ= Ñçê= ëã~ää
áåÇìëíêá~ä= ~ééäáÅ~íáçåëI= ~åÇ= ëã~ää= áåÇìëíêá~ä= ìåáíë= Å~å= ÄÉ= ìëÉÇ= áå
ä~êÖÉ=ÜçãÉëK=bèìáéãÉåí=ÇÉëáÖåÉÇ=Ñçê=ìëÉ=áå=ÅÉåíê~ä=~áê=ëóëíÉãë=~äëç



Humidifiers 20.5

 

  

ÇáÑÑÉêë=Ñêçã=íÜ~í=Ñçê=ëé~ÅÉ=ÜìãáÇáÑáÅ~íáçåI=~äíÜçìÖÜ=ëçãÉ=ìåáíë=~êÉ
~Ç~éí~ÄäÉ=íç=ÄçíÜK

^áê= ï~ëÜÉêë= ~åÇ= ÇáêÉÅí= Éî~éçê~íáîÉ= ÅççäÉêë= ã~ó= ÄÉ= ìëÉÇ= ~ë
ÜìãáÇáÑáÉêëX= íÜÉó=~êÉ= ëçãÉíáãÉë= ëÉäÉÅíÉÇ= Ñçê=~ÇÇáíáçå~ä= ÑìåÅíáçåë
ëìÅÜ=~ë=~áê=ÅççäáåÖ=çê=~áê=ÅäÉ~åáåÖI=~ë=ÇáëÅìëëÉÇ=áå=`Ü~éíÉê=NVK

qÜÉ=Å~é~ÅáíáÉë=çÑ=êÉëáÇÉåíá~ä=ÜìãáÇáÑáÉêë=~êÉ=ÖÉåÉê~ääó=Ä~ëÉÇ=çå
Ö~ääçåë=éÉê=Ç~ó=çÑ=çéÉê~íáçåX=Å~é~ÅáíáÉë=çÑ=áåÇìëíêá~ä=~åÇ=ÅçããÉêJ
Åá~ä=ÜìãáÇáÑáÉêë=~êÉ=Ä~ëÉÇ=çå=éçìåÇë=éÉê=Üçìê=çÑ=çéÉê~íáçåK=mìÄJ
äáëÜÉÇ= Éî~éçê~íáçå= ê~íÉë= Éëí~ÄäáëÜÉÇ= Äó= ÉèìáéãÉåí=ã~åìÑ~ÅíìêÉêë
íÜêçìÖÜ= íÉëí= ÅêáíÉêá~=ã~ó=ÄÉ= áåÅçåëáëíÉåíK=o~íÉë=~åÇ= íÉëí=ãÉíÜçÇë
ëÜçìäÇ=ÄÉ=Éî~äì~íÉÇ=ïÜÉå=ëÉäÉÅíáåÖ=ÉèìáéãÉåíK=qÜÉ=^áêJ`çåÇáíáçåJ
áåÖ=~åÇ=oÉÑêáÖÉê~íáçå=fåëíáíìíÉ=E^ofF=Ü~ë=ÇÉîÉäçéÉÇ=pí~åÇ~êÇ=SNM
Ñçê= êÉëáÇÉåíá~ä= ÅÉåíê~ä= ëóëíÉã= ÜìãáÇáÑáÉêë= ~åÇ= pí~åÇ~êÇ= SQM= Ñçê
ÅçããÉêÅá~ä=~åÇ=áåÇìëíêá~ä=ÜìãáÇáÑáÉêëK=̂ ëëçÅá~íáçå=çÑ=eçãÉ=̂ ééäáJ
~åÅÉ=j~åìÑ~ÅíìêÉêë=E^e^jF=pí~åÇ~êÇ=erJN=~ÇÇêÉëëÉë=ëÉäÑJÅçåJ
í~áåÉÇ=êÉëáÇÉåíá~ä=ìåáíëK

Residential Humidifiers for Central Air Systems
oÉëáÇÉåíá~ä=ÜìãáÇáÑáÉêë=ÇÉëáÖåÉÇ=Ñçê=ÅÉåíê~ä=~áê=ëóëíÉãë=ÇÉéÉåÇ

çå=~áêÑäçï=áå=íÜÉ=ÜÉ~íáåÖ=ëóëíÉã=Ñçê=Éî~éçê~íáçå=~åÇ=ÇáëíêáÄìíáçåK
dÉåÉê~ä=éêáåÅáéäÉë=~åÇ=ÇÉëÅêáéíáçå=çÑ=ÉèìáéãÉåí=~êÉ=~ë=ÑçääçïëW

Pan Humidifiers. `~é~Åáíó=î~êáÉë=ïáíÜ=íÉãéÉê~íìêÉI=ÜìãáÇáíóI
~åÇ=~áêÑäçïK

√ _~ëáÅ=é~åK=^=ëÜ~ääçï=é~å=áë=áåëí~ääÉÇ=ïáíÜáå=íÜÉ=Ñìêå~ÅÉ=éäÉåìãK
eçìëÉÜçäÇ=ï~íÉê=áë=ëìééäáÉÇ=íç=íÜÉ=é~å=íÜêçìÖÜ=~=Åçåíêçä=ÇÉîáÅÉK

√ bäÉÅíêáÅ~ääó=ÜÉ~íÉÇ=é~åK=páãáä~ê=íç=íÜÉ=Ä~ëáÅ=ìåáíI=íÜáë=íóéÉ=~ÇÇë=~å
ÉäÉÅíêáÅ=ÜÉ~íÉê=íç=áåÅêÉ~ëÉ=ï~íÉê=íÉãéÉê~íìêÉ=~åÇ=Éî~éçê~íáçå=ê~íÉK

√ m~å= ïáíÜ= ïáÅâáåÖ= éä~íÉëK= páãáä~ê= íç= íÜÉ= Ä~ëáÅ= ìåáíI= íÜáë= íóéÉ
áåÅäìÇÉë=ÑáííÉÇ=ï~íÉêJ~ÄëçêÄÉåí=éä~íÉëK=qÜÉ=áåÅêÉ~ëÉÇ=~êÉ~=çÑ=íÜÉ
éä~íÉë=éêçîáÇÉë=ÖêÉ~íÉê=ëìêÑ~ÅÉ=~êÉ~=Ñçê=Éî~éçê~íáçå=íç=í~âÉ=éä~ÅÉ
EcáÖìêÉ=P^FK

Wetted Element Humidifiers. Capacity varies with tempera-
ture, humidity, and airflow. Air circulates over or through an open-
textured, wetted medium. The evaporating surface may be a fixed
pad wetted by either sprays or water flowing by gravity, or the sur-
face may be a paddle-wheel, drum, or belt rotating through a water
reservoir. The various types are differentiated by the way air flows
through them:

√ c~å=íóéÉK=^=ëã~ää=Ñ~å=çê=ÄäçïÉê=Çê~ïë=~áê=Ñêçã=íÜÉ=Ñìêå~ÅÉ=éäÉJ
åìãI=íÜêçìÖÜ=íÜÉ=ïÉííÉÇ=é~ÇI=~åÇ=Ä~Åâ=íç=íÜÉ=éäÉåìãK=̂ =ÑáñÉÇ=é~Ç
EcáÖìêÉ=P_F=çê=~=êçí~íáåÖ=ÇêìãJíóéÉ=é~Ç=EcáÖìêÉ=P`F=ã~ó=ÄÉ=ìëÉÇK

√ _óé~ëë=íóéÉK=qÜÉëÉ=ìåáíë=Çç=åçí=Ü~îÉ=íÜÉáê=çïå=Ñ~åI=Äìí=ê~íÜÉê=~êÉ
ãçìåíÉÇ=çå=íÜÉ=ëìééäó=çê=êÉíìêå=éäÉåìã=çÑ=íÜÉ=Ñìêå~ÅÉ=ïáíÜ=~å=~áê
ÅçååÉÅíáçå=íç=íÜÉ=êÉíìêå=éäÉåìã=EcáÖìêÉ=PaFK=qÜÉ=ÇáÑÑÉêÉåÅÉ=áå
ëí~íáÅ= éêÉëëìêÉ= ÅêÉ~íÉÇ= Äó= íÜÉ= Ñìêå~ÅÉ= ÄäçïÉê= ÅáêÅìä~íÉë= ~áê
íÜêçìÖÜ=íÜÉ=ìåáíK

√ aìÅíJãçìåíÉÇ= íóéÉK= qÜÉëÉ= ìåáíë= ~êÉ= ÇÉëáÖåÉÇ= Ñçê= áåëí~ää~íáçå
ïáíÜáå= íÜÉ= Ñìêå~ÅÉ= éäÉåìã= çê= ÇìÅíïçêâ= ïáíÜ= ~= Çêìã= ÉäÉãÉåí
êçí~íÉÇ=Äó=ÉáíÜÉê=íÜÉ=~áê=ãçîÉãÉåí=áå=íÜÉ=ÇìÅí=çê=~=ëã~ää=ÉäÉÅíêáÅ
ãçíçêK

Atomizing Humidifiers. The capacity of an atomizing humidi-
fier does not depend on the air conditions. However, it is important
not to oversaturate the air and allow liquid water to form in the duct.
The ability of the air to absorb moisture depends on the temperature,
flow rate, and moisture content of the air moving through the sys-
tem. Small particles of water are formed and introduced into the air-
stream in one of the following ways:

√ ^=ëéáååáåÖ=Çáëâ=çê=ÅçåÉ=íÜêçïë=~=ï~íÉê=ëíêÉ~ã=ÅÉåíêáÑìÖ~ääó=íç=íÜÉ
êáã=çÑ=íÜÉ=Çáëâ=~åÇ=çåíç=ÇÉÑäÉÅíçê=éä~íÉë=çê=~=ÅçãÄI=ïÜÉêÉ=áí=áë
íìêåÉÇ=áåíç=~=ÑáåÉ=ÑçÖ=EcáÖìêÉ=PbFK

√ péê~ó=åçòòäÉë=êÉäó=çå=ï~íÉê=éêÉëëìêÉ=íç=éêçÇìÅÉ=~=ÑáåÉ=ëéê~óK

√ péê~ó=åçòòäÉë=ìëÉ=ÅçãéêÉëëÉÇ=~áê=íç=ÅêÉ~íÉ=~=ÑáåÉ=ãáëíK

√ räíê~ëçåáÅ=îáÄê~íáçåë=~êÉ=ìëÉÇ=~ë=íÜÉ=~íçãáòáåÖ=ÑçêÅÉK
Residential Humidifiers for Nonducted Applications

j~åó=éçêí~ÄäÉ=çê=êççã=ÜìãáÇáÑáÉêë=~êÉ=ìëÉÇ=áå=êÉëáÇÉåÅÉë=ÜÉ~íÉÇ
Äó=åçåÇìÅíÉÇ=ÜóÇêçåáÅ=çê=ÉäÉÅíêáÅ=ëóëíÉãë=çê=áå=êÉëáÇÉåÅÉë=ïÜÉêÉ
íÜÉ=çÅÅìé~åí= áë= éêÉîÉåíÉÇ= Ñêçã=ã~âáåÖ= ~= éÉêã~åÉåí= áåëí~ää~íáçåK
qÜÉëÉ=ÜìãáÇáÑáÉêë=ã~ó=ÄÉ=ÉèìáééÉÇ=ïáíÜ=ÜìãáÇáíó=ÅçåíêçääÉêëK

mçêí~ÄäÉ=ìåáíë=Éî~éçê~íÉ=ï~íÉê=Äó=~åó=çÑ=íÜÉ=éêÉîáçìëäó=ÇÉëÅêáÄÉÇ
ãÉ~åëI= ëìÅÜ= ~ë= ÜÉ~íÉÇ= é~åI= ÑáñÉÇ= çê= ãçîáåÖ= ïÉííÉÇ= ÉäÉãÉåíI= çê
~íçãáòáåÖ=ëéáååáåÖ=ÇáëâK=qÜÉó=ã~ó=ÄÉ= í~ÄäÉíçéJëáòÉÇ=çê=~= ä~êÖÉêI
ÑìêåáíìêÉJëíóäÉ=~ééäá~åÅÉ=EcáÖìêÉ=PcFK=̂ =ãìäíáëéÉÉÇ=ãçíçê=çå=íÜÉ=Ñ~å
çê=ÄäçïÉê=ã~ó=ÄÉ=ìëÉÇ=íç=~Çàìëí=çìíéìíK=mçêí~ÄäÉ=ÜìãáÇáÑáÉêë=ìëì~ääó
êÉèìáêÉ=éÉêáçÇáÅ=ÑáääáåÖ=Ñêçã=~=ÄìÅâÉí=çê=ÑáääáåÖ=ÜçëÉK

pçãÉ=éçêí~ÄäÉ=ìåáíë=~êÉ=çÑÑÉêÉÇ=ïáíÜ=~å=~ìñáäá~êó=é~Åâ~ÖÉ= Ñçê
ëÉãáéÉêã~åÉåí=ï~íÉê=ëìééäóK=qÜáë=é~Åâ~ÖÉ=áåÅäìÇÉë=~=ã~åì~ä=ëÜìíJ
çÑÑ=î~äîÉI=~=Ñäç~í=î~äîÉI=ÅçééÉê=çê=çíÜÉê=íìÄáåÖ=ïáíÜ=ÑáííáåÖëI=~åÇ=ëç
ÑçêíÜK=i~Åâ=çÑ=Çê~áå~ÖÉ=éêçîáëáçå=Ñçê=ï~íÉê=çîÉêÑäçï=ã~ó=êÉëìäí=áå
ï~íÉê=Ç~ã~ÖÉK

pçãÉ= ìåáíë= ã~ó= ÄÉ= êÉÅÉëëÉÇ= áåíç= íÜÉ= ï~ää= ÄÉíïÉÉå= ëíìÇëI
ãçìåíÉÇ=çå=ï~ää=ëìêÑ~ÅÉëI=çê=áåëí~ääÉÇ=ÄÉäçï=Ñäççê=äÉîÉäK=qÜÉëÉ=ìåáíë
~êÉ=éÉêã~åÉåíäó=áåëí~ääÉÇ=áå=íÜÉ=ëíêìÅíìêÉ=~åÇ=ìëÉ=ÑçêÅÉÇJ~áê=ÅáêÅìJ
ä~íáçåK=qÜÉó=ã~ó=Ü~îÉ=~å=ÉäÉÅíêáÅ=ÉäÉãÉåí=Ñçê=êÉÜÉ~í=ïÜÉå=ÇÉëáêÉÇK
líÜÉê=íóéÉë=Ñçê=ìëÉ=ïáíÜ=ÜóÇêçåáÅ=ëóëíÉãë=áåîçäîÉ=~=ëáãéäÉ=é~å=çê
é~å=éä~íÉI=ÉáíÜÉê=áåëí~ääÉÇ=ïáíÜáå=~=Üçí=ï~íÉê=ÅçåîÉÅíçê=çê=ìëáåÖ=íÜÉ
ëíÉ~ã=Ñêçã=~=ëíÉ~ã=ê~Çá~íçêK

Industrial and Commercial Humidifiers for 
Central Air Systems

eìãáÇáÑáÉêë=ãìëí=ÄÉ=áåëí~ääÉÇ=ïÜÉêÉ=íÜÉ=~áê=Å~å=~ÄëçêÄ=íÜÉ=î~éçêX
íÜÉ= íÉãéÉê~íìêÉ=çÑ= íÜÉ=~áê=ÄÉáåÖ=ÜìãáÇáÑáÉÇ=ãìëí=ÉñÅÉÉÇ=íÜÉ=ÇÉï
éçáåí= çÑ= íÜÉ= ëé~ÅÉ=ÄÉáåÖ=ÜìãáÇáÑáÉÇK=tÜÉå= ÑêÉëÜ=çê=ãáñÉÇ= ~áê= áë
ÜìãáÇáÑáÉÇI=íÜÉ=~áê=ã~ó=åÉÉÇ=íç=ÄÉ=éêÉÜÉ~íÉÇ=íç=~ääçï=~Äëçêéíáçå=íç
í~âÉ=éä~ÅÉK

Heated Pan Humidifiers. qÜÉëÉ=ìåáíë= çÑÑÉê= ~= Äêç~Ç= ê~åÖÉ=çÑ
Å~é~ÅáíáÉë= ~åÇ=ã~ó=ÄÉ=ÜÉ~íÉÇ=Äó= ~=ÜÉ~í= ÉñÅÜ~åÖÉê= ëìééäáÉÇ=ïáíÜ
ÉáíÜÉê=ëíÉ~ã=çê=Üçí=ï~íÉê=EëÉÉ=cáÖìêÉ=Q^FK=qÜÉó=ã~ó=ÄÉ=áåëí~ääÉÇ
ÇáêÉÅíäó=ìåÇÉê=íÜÉ=ÇìÅíI=çê=íÜÉó=ã~ó=ÄÉ=áåëí~ääÉÇ=êÉãçíÉäó=~åÇ=ÑÉÉÇ
î~éçê=íÜêçìÖÜ=~=ÜçëÉK=få=ÉáíÜÉê=Å~ëÉI=~=ÇáëíêáÄìíáçå=ã~åáÑçäÇ=ëÜçìäÇ
ÄÉ=ìëÉÇK

píÉ~ã=ÜÉ~í=ÉñÅÜ~åÖÉêë=~êÉ=Åçããçåäó=ìëÉÇ=áå=ÜÉ~íÉÇ=é~å=ÜìãáÇJ
áÑáÉêëI=ïáíÜ=ëíÉ~ã=éêÉëëìêÉë=ê~åÖáåÖ=Ñêçã=R=íç=NR=éëáÖK=eçí=ï~íÉê
ÜÉ~í=ÉñÅÜ~åÖÉêë=~êÉ=~äëç=ìëÉÇ=áå=é~å=ÜìãáÇáÑáÉêëX=~=ï~íÉê=íÉãéÉê~J
íìêÉ=ÄÉäçï=OQMøc=áë=åçí=éê~ÅíáÅ~äK

^ää=é~åJíóéÉ=ÜìãáÇáÑáÉêë=ëÜçìäÇ=Ü~îÉ=ï~íÉê=êÉÖìä~íáçå=~åÇ=ëçãÉ
Ñçêã=çÑ=Çê~áå=çê= ÑäìëÜ=ëóëíÉãK=tÜÉå=ê~ï=ï~íÉê= áë=ìëÉÇI=éÉêáçÇáÅ
ÅäÉ~åáåÖ=áë=êÉèìáêÉÇ=íç=êÉãçîÉ=íÜÉ=ÄìáäÇìé=çÑ=ãáåÉê~äëK=ErëÉ=çÑ=ëçÑíJ
ÉåÉÇ=çê=ÇÉãáåÉê~äáòÉÇ=ï~íÉê=Å~å=ÖêÉ~íäó=ÉñíÉåÇ=íáãÉ=ÄÉíïÉÉå=ÅäÉ~åJ
áåÖëKF=̀ ~êÉ=ëÜçìäÇ=~äëç=ÄÉ=í~âÉå=íç=ÉåëìêÉ=íÜ~í=~ää=ï~íÉê=áë=Çê~áåÉÇ=çÑÑ
ïÜÉå=íÜÉ=ëóëíÉã=áë=åçí=áå=ìëÉ=íç=~îçáÇ=íÜÉ=éçëëáÄáäáíó=çÑ=Ä~ÅíÉêá~ä
ÖêçïíÜ=áå=íÜÉ=ëí~Öå~åí=ï~íÉêK

Direct Steam Injection Humidifiers. qÜÉëÉ=ìåáíë=ÅçîÉê=~=ïáÇÉ
ê~åÖÉ=çÑ=ÇÉëáÖåë=~åÇ=Å~é~ÅáíáÉëK=píÉ~ã=áë=ï~íÉê=î~éçê=ìåÇÉê=éêÉëëìêÉ
~åÇ=~í=ÜáÖÜ= íÉãéÉê~íìêÉI= ëç= íÜÉ=éêçÅÉëë=çÑ=ÜìãáÇáÑáÅ~íáçå=Å~å=ÄÉ
ëáãéäáÑáÉÇ=Äó=~ÇÇáåÖ=ëíÉ~ã=ÇáêÉÅíäó=áåíç=íÜÉ=~áêK=qÜáë=ãÉíÜçÇ=áë=~å
áëçíÜÉêã~ä= éêçÅÉëë= ÄÉÅ~ìëÉ= íÜÉ= íÉãéÉê~íìêÉ= çÑ= íÜÉ= ~áê= êÉã~áåë
~äãçëí=Åçåëí~åí=~ë=íÜÉ=ãçáëíìêÉ=áë=~ÇÇÉÇK=cçê=íÜáë=íóéÉ=çÑ=ÜìãáÇáÑáJ
Å~íáçå=ëóëíÉãI=íÜÉ=ëíÉ~ã=ëçìêÅÉ=áë=ìëì~ääó=~=ÅÉåíê~ä=ëíÉ~ã=ÄçáäÉê=~í
äçï=éêÉëëìêÉK=tÜÉå=ëíÉ~ã=áë=ëìééäáÉÇ=Ñêçã=~=ëçìêÅÉ=~í=~=Åçåëí~åí
ëìééäó= éêÉëëìêÉI= ÜìãáÇáÑáÅ~íáçå= êÉëéçåÇë= èìáÅâäó= íç= ëóëíÉã
ÇÉã~åÇK= ^= Åçåíêçä= î~äîÉ=ã~ó= ÄÉ=ãçÇìä~íáåÖ= çê= íïçJéçëáíáçå= áå
êÉëéçåëÉ=íç=~=ÜìãáÇáíó=ëÉåëçêLÅçåíêçääÉêK=píÉ~ã=Å~å=ÄÉ=áåíêçÇìÅÉÇ
áåíç=íÜÉ=~áêëíêÉ~ã=íÜêçìÖÜ=çåÉ=çÑ=íÜÉ=ÑçääçïáåÖ=ÇÉîáÅÉëW

√ páåÖäÉ=çê=ãìäíáéäÉ=ëíÉ~ãJà~ÅâÉíÉÇ=ã~åáÑçäÇë=EcáÖìêÉ=Q_FI=ÇÉéÉåÇJ
áåÖ=çå=íÜÉ=ëáòÉ=çÑ=íÜÉ=ÇìÅí=çê=éäÉåìãK=qÜÉ=ëíÉ~ã=à~ÅâÉí=áë=ÇÉëáÖåÉÇ
íç=êÉÉî~éçê~íÉ=~åó=ÅçåÇÉåë~íÉ=ÇêçéäÉíë=ÄÉÑçêÉ=íÜÉó=~êÉ=ÇáëÅÜ~êÖÉÇ
Ñêçã=íÜÉ=ã~åáÑçäÇK
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Fig. 3 Residential Humidifiers

Fig. 3 Residential Humidifiers
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Fig. 4 Industrial Humidifiers

Fig. 4 Industrial Humidifiers
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√ kçåà~ÅâÉíÉÇ=ã~åáÑçäÇ=çê=é~åÉäJíóéÉ=ÇáëíêáÄìíáçå=ëóëíÉãë=EcáÖìêÉ
Q`FI= ïáíÜ= çê= ïáíÜçìí= áåàÉÅíáçå= åçòòäÉë= Ñçê= ÇáëíêáÄìíáåÖ= ëíÉ~ã
~Åêçëë=íÜÉ=Ñ~ÅÉ=çÑ=íÜÉ=ÇìÅí=çê=éäÉåìãK

råáíë=ãìëí=ÄÉ=áåëí~ääÉÇ=ïÜÉêÉ=íÜÉ=~áê=Å~å=~ÄëçêÄ=íÜÉ=ÇáëÅÜ~êÖÉÇ
î~éçê=ÄÉÑçêÉ=áí=ÅçãÉë=áåíç=Åçåí~Åí=ïáíÜ=ÅçãéçåÉåíë=áå=íÜÉ=~áêëíêÉ~ãI
ëìÅÜ=~ë=ÅçáäëI=Ç~ãéÉêëI=çê=íìêåáåÖ=î~åÉëK=líÜÉêïáëÉI=ÅçåÇÉåë~íáçå
Å~å=çÅÅìê=áå=íÜÉ=ÇìÅíK=^Äëçêéíáçå=Çáëí~åÅÉ=î~êáÉë=~ÅÅçêÇáåÖ=íç=íÜÉ
ÇÉëáÖå=çÑ=íÜÉ=ÜìãáÇáÑáÉê=ÇáëíêáÄìíáçå=ÇÉîáÅÉ=~åÇ=íÜÉ=~áê=ÅçåÇáíáçåë
ïáíÜáå= íÜÉ= ÇìÅíK= cçê= éêçéÉê= éëóÅÜêçãÉíêáÅ= Å~äÅìä~íáçåëI= êÉÑÉê= íç
`Ü~éíÉê= S= çÑ= íÜÉ= ^peo^b= e~åÇÄççâÔcìåÇ~ãÉåí~äëK= _ÉÅ~ìëÉ
íÜÉëÉ=ÜìãáÇáÑáÉêë=áåàÉÅí=ëíÉ~ã=Ñêçã=~=ÅÉåíê~ä=ÄçáäÉê=ëçìêÅÉ=ÇáêÉÅíäó
áåíç=íÜÉ=ëé~ÅÉ=çê=ÇáëíêáÄìíáçå=ÇìÅíI=ÄçáäÉê=íêÉ~íãÉåí=ÅÜÉãáÅ~äë=ÇáëJ
ÅÜ~êÖÉÇ= áåíç= íÜÉ= ~áê= ëóëíÉã=ã~ó= ÅçãéêçãáëÉ= áåÇççê= ~áê= èì~äáíóK
`ÜÉãáÅ~äë=ëÜçìäÇ=ÄÉ=ÅÜÉÅâÉÇ=Ñçê=ë~ÑÉíóI=~åÇ=Å~êÉ=ëÜçìäÇ=ÄÉ=í~âÉå=íç
~îçáÇ=Åçåí~ãáå~íáçå=Ñêçã=íÜÉ=ï~íÉê=çê=ëíÉ~ã=ëìééäáÉëK

Electrically Heated, Self-Contained Steam Humidifiers.
qÜÉëÉ=ìåáíë=ÅçåîÉêí=çêÇáå~êó=Åáíó=í~é=ï~íÉê=íç=ëíÉ~ã=Äó=ÉäÉÅíêáÅ~ä
ÉåÉêÖó=ìëáåÖ= ÉáíÜÉê= ÉäÉÅíêçÇÉë=çê= êÉëáëí~åÅÉ=ÜÉ~íÉê= ÉäÉãÉåíëK=qÜÉ
ëíÉ~ã=áë=ÖÉåÉê~íÉÇ=~í=~íãçëéÜÉêáÅ=éêÉëëìêÉ=~åÇ=ÇáëÅÜ~êÖÉÇ=áåíç=íÜÉ
ÇìÅí= ëóëíÉã= íÜêçìÖÜ= ÇáëéÉêëáçå=ã~åáÑçäÇëX= áÑ= íÜÉ= ÜìãáÇáÑáÉê= áë= ~
ÑêÉÉëí~åÇáåÖ=ìåáíI=íÜÉ=ëíÉ~ã=áë=ÇáëÅÜ~êÖÉÇ=ÇáêÉÅíäó=áåíç=íÜÉ=~áê=ëé~ÅÉ
íÜêçìÖÜ=~=Ñ~å=ìåáíK=pçãÉ=ìåáíë=~ääçï=íÜÉ=ìëÉ=çÑ=ëçÑíÉåÉÇ=çê=ÇÉãáåÉêJ
~äáòÉÇ=ï~íÉêI=ïÜáÅÜ=ÖêÉ~íäó=ÉñíÉåÇë=íÜÉ=íáãÉ=ÄÉíïÉÉå=ÅäÉ~åáåÖëK

√ bäÉÅíêçÇÉJíóéÉ= ÜìãáÇáÑáÉêë= EcáÖìêÉ= QaF= çéÉê~íÉ= Äó= é~ëëáåÖ= ~å
ÉäÉÅíêáÅ=ÅìêêÉåí=ÇáêÉÅíäó=áåíç=çêÇáå~êó=í~é=ï~íÉêI=íÜÉêÉÄó=ÅêÉ~íáåÖ
ÜÉ~í=ÉåÉêÖó=íç=Äçáä=íÜÉ=ï~íÉêK=qÜÉ=ÜìãáÇáÑáÉê=ìëì~ääó=Åçåí~áåë=~
éçäóéêçéóäÉåÉ=éä~ëíáÅ=ÄçííäÉI=ÉáíÜÉê=íÜêçï~ï~ó=çê=ÅäÉ~å~ÄäÉI=íÜ~í
áë=ëìééäáÉÇ=ïáíÜ=ï~íÉê=íÜêçìÖÜ=~=ëçäÉåçáÇ=î~äîÉK=t~íÉê=áë=Çê~áåÉÇ
çÑÑ=éÉêáçÇáÅ~ääó=íç=ã~áåí~áå=~=ÇÉëáê~ÄäÉ=ëçäáÇë=ÅçåÅÉåíê~íáçå=~åÇ
íÜÉ=ÅçêêÉÅí=ÉäÉÅíêáÅ~ä=ÑäçïK=j~åìÑ~ÅíìêÉêë=çÑÑÉê=ÜìãáÇáÑáÉêë=ïáíÜ
ëÉîÉê~ä=ÇáÑÑÉêÉåí=ÑÉ~íìêÉëI=ëç=íÜÉáê=Ç~í~=ëÜçìäÇ=ÄÉ=ÅçåëìäíÉÇK

√ oÉëáëí~åÅÉJíóéÉ=ÜìãáÇáÑáÉêë=EcáÖìêÉ=QbF=ìíáäáòÉ=çåÉ=çê=ãçêÉ=ÉäÉÅJ
íêáÅ~ä=ÉäÉãÉåíë=íÜ~í=ÜÉ~í=íÜÉ=ï~íÉê=ÇáêÉÅíäó=íç=éêçÇìÅÉ=ëíÉ~ãK=qÜÉ
ï~íÉê=Å~å=ÄÉ=Åçåí~áåÉÇ=áå=~=ëí~áåäÉëë=ëíÉÉä=çê=Åç~íÉÇ=ëíÉÉä=ëÜÉääK
qÜÉ=ÉäÉãÉåí=~åÇ=ëÜÉää=ëÜçìäÇ=ÄÉ=~ÅÅÉëëáÄäÉ=Ñçê=ÅäÉ~åáåÖ=çìí=ãáåJ
Éê~ä=ÇÉéçëáíëK=qÜÉ=ÜáÖÜ=~åÇ=äçï=ï~íÉê=äÉîÉäë=ëÜçìäÇ=ÄÉ=ÅçåíêçääÉÇ
ïáíÜ=ÉáíÜÉê=éêçÄÉë=çê=Ñäç~í=ÇÉîáÅÉëI=~åÇ=~=ÄäçïÇçïå=Çê~áå=ëóëíÉã
ëÜçìäÇ=ÄÉ=áåÅçêéçê~íÉÇI=é~êíáÅìä~êäó=Ñçê=çÑÑJçéÉê~íáçå=éÉêáçÇëK

Atomizing Humidifiers. t~íÉê=íêÉ~íãÉåí=ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇ
áÑ=ãáåÉê~ä=Ñ~ääçìí=Ñêçã=Ü~êÇ=ï~íÉê=áë=~=éêçÄäÉãK=léíáçå~ä=ÑáäíÉêë=ã~ó
ÄÉ=êÉèìáêÉÇ=íç=êÉãçîÉ=íÜÉ=ãáåÉê~ä=Çìëí=Ñêçã=íÜÉ=ÜìãáÇáÑáÉÇ=~áê=EcáÖJ
ìêÉ= QcFK= aÉéÉåÇáåÖ= çå= íÜÉ= ~ééäáÅ~íáçå= ~åÇ= íÜÉ= ï~íÉê= ÅçåÇáíáçåI
~íçãáòáåÖ= ÜìãáÇáÑáÉêë= ã~ó= êÉèìáêÉ= ~= êÉîÉêëÉ= çëãçëáë= EolF= çê= ~
ÇÉáçåáòÉÇ=EafF=ï~íÉê=íêÉ~íãÉåí=ëóëíÉã=íç=êÉãçîÉ=íÜÉ=ãáåÉê~äëK=fí=áë
~äëç=áãéçêí~åí=íç=åçíÉ=íÜ~í=ïÉííÉÇ=é~êíë=ëÜçìäÇ=ÄÉ=~ÄäÉ=íç=êÉëáëí=íÜÉ
ÅçêêçëáîÉ=ÉÑÑÉÅíë=çÑ=af=~åÇ=ol=ï~íÉêK

qÜÉêÉ=~êÉ=íÜêÉÉ=ã~áå=Å~íÉÖçêáÉë=çÑ=~íçãáòáåÖ=ÜìãáÇáÑáÉêëW

√ räíê~ëçåáÅ=ÜìãáÇáÑáÉêë=EcáÖìêÉ=QdF=ìíáäáòÉ=~=éáÉòçÉäÉÅíêáÅ=íê~åëJ
ÇìÅÉê=ëìÄãÉêÖÉÇ=áå=ÇÉãáåÉê~äáòÉÇ=ï~íÉêK=qÜÉ=íê~åëÇìÅÉê=ÅçåîÉêíë
~=ÜáÖÜJÑêÉèìÉåÅó=ãÉÅÜ~åáÅ~ä=ÉäÉÅíêáÅ=ëáÖå~ä=áåíç=~=ÜáÖÜJÑêÉèìÉåÅó
çëÅáää~íáçåK=^=ãçãÉåí~êó=î~Åììã=áë=ÅêÉ~íÉÇ=ÇìêáåÖ=íÜÉ=åÉÖ~íáîÉ
çëÅáää~íáçåI=Å~ìëáåÖ=íÜÉ=ï~íÉê=íç=Å~îáí~íÉ=áåíç=î~éçê=~í=äçï=éêÉëJ
ëìêÉK=qÜÉ=éçëáíáîÉ=çëÅáää~íáçå=éêçÇìÅÉë=~=ÜáÖÜJÅçãéêÉëëáçå=ï~îÉ
íÜ~í= ÇêáîÉë= íÜÉ= ï~íÉê= é~êíáÅäÉ= Ñêçã= íÜÉ= ëìêÑ~ÅÉ= íç= ÄÉ= èìáÅâäó
~ÄëçêÄÉÇ=áåíç=íÜÉ=~áêëíêÉ~ãK=_ÉÅ~ìëÉ=íÜÉëÉ=íóéÉë=ìëÉ=ÇÉãáåÉê~äJ
áòÉÇ=ï~íÉêI=åç=ÑáäíÉê=ãÉÇáìã=áë=êÉèìáêÉÇ=ÇçïåëíêÉ~ãK=qÜÉ=ìäíê~J
ëçåáÅ=ÜìãáÇáÑáÉê=áë=~äëç=ã~åìÑ~ÅíìêÉÇ=~ë=~=ÑêÉÉëí~åÇáåÖ=ìåáíK

√ `ÉåíêáÑìÖ~ä=ÜìãáÇáÑáÉêë=EcáÖìêÉ=QeF=ìëÉ=~=ÜáÖÜJëéÉÉÇ=ÇáëâI=ïÜáÅÜ
ëäáåÖë=íÜÉ=ï~íÉê=íç=áíë=êáãI=ïÜÉêÉ=áí=áë=íÜêçïå=çåíç=éä~íÉë=çê=~=ÅçãÄ
íç=éêçÇìÅÉ=~=ÑáåÉ=ãáëíK=qÜÉ=ãáëí=áë=áåíêçÇìÅÉÇ=íç=íÜÉ=~áêëíêÉ~ãI
ïÜÉêÉ=áí=áë=Éî~éçê~íÉÇK

√ `çãéêÉëëÉÇJ~áê=åçòòäÉ=ÜìãáÇáÑáÉêë=Å~å=çéÉê~íÉ=áå=íïç=ï~óëW
1. Compressed air and water are combined inside the nozzle and
discharged onto a resonator to create a fine fog at the nozzle
tip (Figure 4I).

2. Compressed air is passed through an annular orifice at the
nozzle tip, and water is passed through a center orifice. The
air creates a slight vortex at the tip, where the water breaks
up into a fine fog on contact with the high-velocity com-
pressed air.

Wetted Media Humidifiers.=oáÖáÇ=ãÉÇá~=ÜìãáÇáÑáÉêë= EcáÖìêÉ
QgF=ìíáäáòÉ=~=éçêçìë=ÅçêÉK=t~íÉê=áë=ÅáêÅìä~íÉÇ=çîÉê=íÜÉ=ãÉÇá~=ïÜáäÉ=~áê
áë= Ääçïå= íÜêçìÖÜ= íÜÉ= çéÉåáåÖëK= qÜÉëÉ= ÜìãáÇáÑáÉêë= ~êÉ= ~Çá~Ä~íáÅI
ÅççäáåÖ=íÜÉ=~áê=~ë=áí=áë=ÜìãáÇáÑáÉÇK=oáÖáÇ=ãÉÇá~=ÅçêÉë=~êÉ=çÑíÉå=ìëÉÇ
Ñçê=íÜÉ=Çì~ä=éìêéçëÉ=çÑ=ïáåíÉê=ÜìãáÇáÑáÅ~íáçå=~åÇ=ëìããÉê=ÅççäáåÖK
qÜÉó=ÇÉéÉåÇ=çå=~áêÑäçï=Ñçê=Éî~éçê~íáçåW=íÜÉ=ê~íÉ=çÑ=Éî~éçê~íáçå=î~êJ
áÉë=ïáíÜ=~áê=íÉãéÉê~íìêÉI=ÜìãáÇáíóI=~åÇ=îÉäçÅáíóK

qÜÉ=êáÖáÇ=ãÉÇá~=ëÜçìäÇ=ÄÉ=äçÅ~íÉÇ=ÇçïåëíêÉ~ã=çÑ=~åó=ÜÉ~íáåÖ=çê
ÅççäáåÖ=ÅçáäëK=cçê=ÅäçëÉ=ÜìãáÇáíó=ÅçåíêçäI=íÜÉ=ÉäÉãÉåí=Å~å=ÄÉ=ÄêçâÉå
Ççïå=áåíç=ëÉîÉê~ä=Eìëì~ääó=íïç=íç=ÑçìêF=Ä~åâë=Ü~îáåÖ=ëÉé~ê~íÉ=ï~íÉê
ëìééäáÉëK=pçäÉåçáÇë=ÅçåíêçääáåÖ=ï~íÉê= Ñäçï= íç=É~ÅÜ=Ä~åâ=~êÉ= ~ÅíáJ
î~íÉÇ=~ë=ÜìãáÇáÑáÅ~íáçå=áë=êÉèìáêÉÇK

oáÖáÇ=ãÉÇá~=ÜìãáÇáÑáÉêë=Ü~îÉ=áåÜÉêÉåí=Ñáäíê~íáçå=~åÇ=ëÅêìÄÄáåÖ
éêçéÉêíáÉë=ÇìÉ=íç=íÜÉ=ï~íÉêJï~ëÜáåÖ=ÉÑÑÉÅí=áå=íÜÉ=ÑáäíÉêJäáâÉ=ÅÜ~ååÉäëK
låäó=éìêÉ=ï~íÉê= áë= Éî~éçê~íÉÇX= íÜÉêÉÑçêÉI= Åçåí~ãáå~åíë= ÅçääÉÅíÉÇ
Ñêçã=íÜÉ=~áê=~åÇ=ï~íÉê=ãìëí=ÄÉ=ÑäìëÜÉÇ=Ñêçã=íÜÉ=ëóëíÉãK=^=ÅçåíáåJ
ìçìë=ÄäÉÉÇ=çê= êÉÖìä~ê= é~å= ÑäìëÜáåÖ= áë= êÉÅçããÉåÇÉÇ= íç=ãáåáãáòÉ
~ÅÅìãìä~íáçå=çÑ=Åçåí~ãáå~åíë=áå=íÜÉ=é~å=~åÇ=çå=íÜÉ=ãÉÇá~K

Evaporative Cooling.=^íçãáòáåÖ=~åÇ=ïÉííÉÇ=ãÉÇá~=ÜìãáÇáÑáÉêë
ÇáëÅÜ~êÖÉ=ï~íÉê= ~í= ~ãÄáÉåí= íÉãéÉê~íìêÉK= qÜÉ=ï~íÉê= ~ÄëçêÄë= ÜÉ~í
Ñêçã=íÜÉ=ëìêêçìåÇáåÖ=~áê=íç=Éî~éçê~íÉ=íÜÉ=ÑçÖI=ãáëíI=çê=ëéê~ó=~í=~=ê~íÉ
çÑ=NMTR=_íì=éÉê=éçìåÇ=çÑ=ï~íÉêK=qÜáë=Éî~éçê~íáîÉ=ÅççäáåÖ=ÉÑÑÉÅí=EëÉÉ
`Ü~éíÉê=NVF=ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇ=áå=íÜÉ=ÇÉëáÖå=çÑ=íÜÉ=ëóëíÉã=~åÇ=áÑ
êÉÜÉ~í=áë=êÉèìáêÉÇ=íç=~ÅÜáÉîÉ=íÜÉ=Ñáå~ä=~áê=íÉãéÉê~íìêÉK=qÜÉ=~Äáäáíó=çÑ
íÜÉ=ëìêêçìåÇáåÖ=~áê=íç=ÉÑÑáÅáÉåíäó=~ÄëçêÄ=íÜÉ=ÑçÖI=ãáëíI=çê=ëéê~ó=ïáää
~äëç=ÇÉéÉåÇ=çå=áíë=íÉãéÉê~íìêÉI=~áê=îÉäçÅáíóI=~åÇ=ãçáëíìêÉ=ÅçåíÉåíK

CONTROLS

j~åó= ÜìãáÇáíóJëÉåëáíáîÉ= ã~íÉêá~äë= ~êÉ= ~î~áä~ÄäÉK= pçãÉ= ~êÉ
çêÖ~åáÅI=ëìÅÜ=~ë=åóäçåI=Üìã~å=Ü~áêI=ïççÇI=~åÇ=~åáã~ä=ãÉãÄê~åÉë
íÜ~í= ÅÜ~åÖÉ= äÉåÖíÜ=ïáíÜ=ÜìãáÇáíó= ÅÜ~åÖÉëK=líÜÉê= ëÉåëçêë= ÅÜ~åÖÉ
ÉäÉÅíêáÅ~ä=éêçéÉêíáÉë=EêÉëáëí~åÅÉ=çê=Å~é~Åáí~åÅÉF=ïáíÜ=ÜìãáÇáíóK

Mechanical Controls

jÉÅÜ~åáÅ~ä=ëÉåëçêë=ÇÉéÉåÇ=çå=~=ÅÜ~åÖÉ=áå=íÜÉ=äÉåÖíÜ=çê=ëáòÉ=çÑ
íÜÉ=ëÉåëçê=~ë=~=ÑìåÅíáçå=çÑ=êÉä~íáîÉ=ÜìãáÇáíóK=qÜÉ=ãçëí=Åçããçåäó
ìëÉÇ= ëÉåëçêë= ~êÉ= ëóåíÜÉíáÅ=éçäóãÉêë=çê=Üìã~å=Ü~áêK=qÜÉó=Å~å=ÄÉ
~íí~ÅÜÉÇ=íç=~=ãÉÅÜ~åáÅ~ä=äáåâ~ÖÉ=íç=Åçåíêçä=íÜÉ=ãÉÅÜ~åáÅ~äI=ÉäÉÅíêáJ
Å~äI=çê=éåÉìã~íáÅ=ëïáíÅÜáåÖ=ÉäÉãÉåí=çÑ=~=î~äîÉ=çê=ãçíçêK=qÜáë=ÇÉëáÖå
áë=ëìáí~ÄäÉ=Ñçê=ãçëí=Üìã~å=ÅçãÑçêí=~ééäáÅ~íáçåëI=Äìí=áí=ã~ó=ä~Åâ=íÜÉ
åÉÅÉëë~êó=~ÅÅìê~Åó=Ñçê=áåÇìëíêá~ä=~ééäáÅ~íáçåëK

^=ÜìãáÇáíó=ÅçåíêçääÉê= áë=åçêã~ääó=ÇÉëáÖåÉÇ= íç=Åçåíêçä=~í=~= ëÉí
éçáåí=ëÉäÉÅíÉÇ=Äó=íÜÉ=ìëÉêK=pçãÉ=ÅçåíêçääÉêë=Ü~îÉ=~=ëÉíÄ~Åâ=ÑÉ~íìêÉ
íÜ~í=äçïÉêë=íÜÉ=êÉä~íáîÉ=ÜìãáÇáíó=ëÉí=éçáåí=~ë=çìíÇççê=íÉãéÉê~íìêÉ
Çêçéë=íç=êÉÇìÅÉ=ÅçåÇÉåë~íáçå=ïáíÜáå=íÜÉ=ëíêìÅíìêÉK

Electronic Controllers

bäÉÅíêáÅ~ä= ëÉåëçêë= ÅÜ~åÖÉ= ÉäÉÅíêáÅ~ä= êÉëáëí~åÅÉ= ~ë= íÜÉ= ÜìãáÇáíó
ÅÜ~åÖÉëK=qÜÉó=íóéáÅ~ääó=Åçåëáëí=çÑ=íïç=ÅçåÇìÅíáîÉ=ã~íÉêá~äë=ëÉé~J
ê~íÉÇ= Äó= ~= ÜìãáÇáíóJëÉåëáíáîÉI= ÜóÖêçëÅçéáÅ= áåëìä~íáåÖ= ã~íÉêá~ä
Eéçäóîáåóä=~ÅÉí~íÉI=éçäóîáåóä=~äÅçÜçäI=çê=~=ëçäìíáçå=çÑ=ÅÉêí~áå=ë~äíëFK
pã~ää=ÅÜ~åÖÉë=~êÉ=ÇÉíÉÅíÉÇ=~ë=~áê=é~ëëÉë=çîÉê=íÜÉ=ëÉåëáåÖ=ëìêÑ~ÅÉK
`~é~ÅáíáîÉ=ëÉåëçêë=ìëÉ=~=ÇáÉäÉÅíêáÅ=ã~íÉêá~ä=íÜ~í=ÅÜ~åÖÉë=áíë=ÇáÉäÉÅJ
íêáÅ=Åçåëí~åí=ïáíÜ=êÉä~íáîÉ=ÜìãáÇáíóK=qÜÉ=ÇáÉäÉÅíêáÅ=ã~íÉêá~ä=áë=ë~åÇJ
ïáÅÜÉÇ= ÄÉíïÉÉå= ëéÉÅá~ä= ÅçåÇìÅíáåÖ= ã~íÉêá~ä= íÜ~í= ~ääçïë= ~= Ñ~ëí
êÉëéçåëÉ=íç=ÅÜ~åÖÉë=áå=êÉä~íáîÉ=ÜìãáÇáíóK



Humidifiers 20.9

 

  

bäÉÅíêçåáÅ=Åçåíêçä=áë=Åçããçå=áå=ä~Äçê~íçêó=çê=éêçÅÉëë=~ééäáÅ~J

íáçåë=êÉèìáêáåÖ=éêÉÅáëÉ=ÜìãáÇáíó=ÅçåíêçäK=fí=áë=~äëç=ìëÉÇ=íç=î~êó=Ñ~å
ëéÉÉÇ=çå=éçêí~ÄäÉ=ÜìãáÇáÑáÉêë=áå=çêÇÉê=íç=êÉÖìä~íÉ=ÜìãáÇáíó=áå=íÜÉ
ëé~ÅÉ=ãçêÉ=ÅäçëÉäó=~åÇ=íç=êÉÇìÅÉ=åçáëÉ=~åÇ=Çê~Ñí=íç=~=ãáåáãìãK

bäÉÅíêçåáÅ=Åçåíêçäë=~êÉ=åçï=ïáÇÉäó=ìëÉÇ=Ñçê=êÉëáÇÉåíá~ä=~ééäáÅ~J
íáçåë=ÄÉÅ~ìëÉ=çÑ=äçïJÅçëíI=~ÅÅìê~íÉI=~åÇ=ëí~ÄäÉ=ëÉåëçêë=íÜ~í=Å~å=ÄÉ
ìëÉÇ= ïáíÜ= áåÉñéÉåëáîÉ= ãáÅêçéêçÅÉëëçêëK= qÜÉó= ã~ó= áåÅçêéçê~íÉ
ãÉíÜçÇë=çÑ=ÇÉíÉêãáåáåÖ=çìíëáÇÉ=íÉãéÉê~íìêÉ=ëç=íÜ~í=êÉä~íáîÉ=ÜìãáÇJ
áíó= Å~å= ÄÉ= ~ìíçã~íáÅ~ääó= êÉëÉí= íç= ëçãÉ= éêÉÇÉíÉêãáåÉÇ= ~äÖçêáíÜã
áåíÉåÇÉÇ=íç=ã~ñáãáòÉ=Üìã~å=ÅçãÑçêí=~åÇ=ãáåáãáòÉ=~åó=ÅçåÇÉåë~J
íáçå=éêçÄäÉãë=Em~ëÅÜ=Éí=~äK=NVVSFK

^äçåÖ=ïáíÜ=~=ã~áå=ÜìãáÇáíó=ÅçåíêçääÉêI=íÜÉ=ëóëíÉã=ã~ó=êÉèìáêÉ
çíÜÉê=ëÉåëáåÖ=ÇÉîáÅÉëW

√ High-limit sensors=ã~ó=ÄÉ=êÉèìáêÉÇ=íç=ÉåëìêÉ=íÜ~í=ÇìÅí=ÜìãáÇáíó
äÉîÉäë=êÉã~áå=ÄÉäçï=íÜÉ=ë~íìê~íáçå=çê=ÇÉïJéçáåí=äÉîÉäK=pçãÉíáãÉë
ÅççäÉê=~áê=áë=êÉèìáêÉÇ=íç=çÑÑëÉí=ëÉåëáÄäÉ=ÜÉ~í=Ö~áåëK=få=íÜÉëÉ=Å~ëÉëI
íÜÉ=~áê=íÉãéÉê~íìêÉ=ã~ó=Çêçé=ÄÉäçï=íÜÉ=ÇÉï=éçáåíK=léÉê~íáåÖ=íÜÉ
ÜìãáÇáÑáÉê=ìåÇÉê=íÜÉëÉ=ÅçåÇáíáçåë=Å~ìëÉë=ÅçåÇÉåë~íáçå=áå=íÜÉ=ÇìÅí
çê=ÑçÖÖáåÖ=áå=íÜÉ=êççãK=eáÖÜJäáãáí=ëÉåëçêë=ã~ó=ÄÉ=ÅçãÄáåÉÇ=ïáíÜ
~=íÉãéÉê~íìêÉ=ëÉåëçê=áå=ÅÉêí~áå=ÇÉëáÖåëK

√ Airflow sensors=ëÜçìäÇ=ÄÉ=ìëÉÇ=áå=éä~ÅÉ=çÑ=~=Ñ~å=áåíÉêäçÅâK=qÜÉó
ëÉåëÉ=~áêÑäçï=~åÇ=Çáë~ÄäÉ=íÜÉ=ÜìãáÇáÑáÉê=ïÜÉå=áåëìÑÑáÅáÉåí=~áêÑäçï
áë=éêÉëÉåí=áå=íÜÉ=ÇìÅíK

√ Steam sensors= ~êÉ= ìëÉÇ= íç= âÉÉé= íÜÉ= Åçåíêçä= î~äîÉ= çå= ÇáêÉÅíJ
áåàÉÅíáçå=ÜìãáÇáÑáÉêë= ÅäçëÉÇ=ïÜÉå= ëíÉ~ã= áë= åçí= éêÉëÉåí= ~í= íÜÉ
ÜìãáÇáÑáÉêK=báíÜÉê=~=éåÉìã~íáÅ=çê=~å=ÉäÉÅíêáÅ=íÉãéÉê~íìêÉJëÉåëJ
áåÖ=ëïáíÅÜ=áë=ÑáííÉÇ=ÄÉíïÉÉå=íÜÉ=ëÉé~ê~íçê=~åÇ=íÜÉ=ëíÉ~ã=íê~é=íç
ëÉåëÉ=íÜÉ=íÉãéÉê~íìêÉ=çÑ=íÜÉ=ÅçåÇÉåë~íÉ=~åÇ=ëíÉ~ãK=tÜÉå=íÜÉ
ëïáíÅÜ=ëÉåëÉë=ëíÉ~ã=íÉãéÉê~íìêÉI=áí=~ääçïë=íÜÉ=Åçåíêçä=î~äîÉ=íç
ÑìåÅíáçå=åçêã~ääóK

Humidity Control in Variable Air Volume (VAV) Systems
`çåíêçä=áå=ŝ s=ëóëíÉãë=áë=ãìÅÜ=ãçêÉ=ÇÉã~åÇáåÖ=íÜ~å=áå=ÅçåJ

ëí~åí= îçäìãÉ= ëóëíÉãëK= ŝ s= ëóëíÉãëI= Åçããçå= áå= ä~êÖÉI= ÅÉåíê~ä

Fig. 5 Recommended Humidity Controller Loca
ëí~íáçå=~ééäáÅ~íáçåëI=Åçåíêçä=ëé~ÅÉ=íÉãéÉê~íìêÉ=Äó=î~êóáåÖ=íÜÉ=îçäJ
ìãÉ= ê~íÜÉê= íÜ~å= íÜÉ= íÉãéÉê~íìêÉ=çÑ= íÜÉ= ëìééäó=~áêK=`çåíáåì~ä= ~áêJ
Ñäçï= î~êá~íáçåë= íç= Ñçääçï= äç~Ç= ÅÜ~åÖÉë= ïáíÜáå= íÜÉ= ÄìáäÇáåÖ= Å~å
ÅêÉ~íÉ=ïáÇÉ=~åÇ=ê~éáÇ=ëïáåÖë= áå=ëé~ÅÉ=ÜìãáÇáíóK=aìÉ= íç= íÜÉ= Ñ~ëíJ
ÅÜ~åÖáåÖ= å~íìêÉ= ~åÇ= ÅççäÉê= ëìééäó= ~áê= íÉãéÉê~íìêÉë= ERRøc= çê
äçïÉêF=çÑ=ãçëí=ŝ s=ëóëíÉãëI=ëéÉÅá~ä=ãçÇìä~íáåÖ=ÜìãáÇáíó=Åçåíêçäë
ëÜçìäÇ=ÄÉ=~ééäáÉÇK

_Éëí=êÉëìäíë=~êÉ=çÄí~áåÉÇ=Äó=ìëáåÖ=ÄçíÜ=ëé~ÅÉ=~åÇ=ÇìÅí=ãçÇìä~íJ
áåÖJíóéÉ=ÜìãáÇáíó=ëÉåëçêë=áå=ÅçåàìåÅíáçå=ïáíÜ=~å=áåíÉÖê~íáåÖ=ÇÉîáÅÉI
ïÜáÅÜ=áå=íìêå=ãçÇìä~íÉë=íÜÉ=çìíéìí=çÑ=íÜÉ=ÜìãáÇáÑáÉêK=qÜáë=~ääçïë=íÜÉ
ÇìÅí= ëÉåëçê= íç= êÉëéçåÇ= èìáÅâäó= íç= ~= ê~éáÇ= êáëÉ= áå= ÇìÅí= ÜìãáÇáíó
Å~ìëÉÇ=Äó=êÉÇìÅÉÇ=~áêÑäçï=íç=íÜÉ=ëé~ÅÉ=~ë=íÉãéÉê~íìêÉ=ÅçåÇáíáçåë=~êÉ
ë~íáëÑáÉÇK=qÜÉ=ÇìÅí=ëÉåëçê=~í=íáãÉë=çîÉêêáÇÉë=íÜÉ=ëé~ÅÉ=ÜìãáÇáëí~í=Äó
êÉÇìÅáåÖ=íÜÉ=ÜìãáÇáÑáÉê=çìíéìí=íç=ÅçêêÉëéçåÇ=íç=ÇÉÅêÉ~ëáåÖ=~áê=îçäJ
ìãÉëK=qÜáë=íóéÉ=çÑ=ëóëíÉãI=Åçããçåäó=êÉÑÉêêÉÇ=íç=~ë=anticipating
controlI=~ääçïë=íÜÉ=ÜìãáÇáÑáÉê=íç=íê~Åâ=íÜÉ=Çóå~ãáÅë=çÑ=íÜÉ=ëóëíÉã
~åÇ=éêçîáÇÉ=ìåáÑçêã=ÅçåíêçäK=aìÉ=íç=íÜÉ=çéÉê~íáåÖ=ÇìÅí=ëí~íáÅ=éêÉëJ
ëìêÉë=çÑ=~=ŝ s=ëóëíÉãI=ìëÉ=çÑ=~å=airflow proving device=áë=êÉÅçãJ
ãÉåÇÉÇ=íç=ÇÉíÉÅí=~áê=ãçîÉãÉåíK

cìêíÜÉê=áåÑçêã~íáçå=çå=íÜÉ=Éî~äì~íáçå=çÑ=ÜìãáÇáíó=ëÉåëçêë=Å~å=ÄÉ
ÑçìåÇ=áå=^peo^b=ENVVO~FK

Control Location

få= ÅÉåíê~ääó= ÜìãáÇáÑáÉÇ= ëíêìÅíìêÉëI= íÜÉ= ÜìãáÇáíó= ÅçåíêçääÉê= áë
ãçëí=Åçããçåäó=ãçìåíÉÇ=áå=~=ÅçåíêçääÉÇ=ëé~ÅÉK=^åçíÜÉê=ãÉíÜçÇ=áë
íç=ãçìåí=íÜÉ=ÅçåíêçääÉê=áå=íÜÉ=êÉíìêå=~áê=ÇìÅí=çÑ=~å=~áêJÜ~åÇäáåÖ=ëóëJ
íÉã=íç=ëÉåëÉ=~îÉê~ÖÉ=êÉä~íáîÉ=ÜìãáÇáíóK=cáÖìêÉ=R=ëÜçïë=ÖÉåÉê~ä=êÉÅJ
çããÉåÇÉÇ= äçÅ~íáçåë= Ñçê= íÜÉ= ÜìãáÇáëí~í= Ñçê= ~= ÅÉåíê~ääó= ~áêJ
ÅçåÇáíáçåÉÇ=êççãK

qÜÉ=ã~åìÑ~ÅíìêÉêÛë=áåëíêìÅíáçåë=êÉÖ~êÇáåÖ=íÜÉ=ìëÉ=çÑ=íÜÉ=ÅçåíêçäJ
äÉê=çå=ÅçìåíÉêÑäçï=Ñìêå~ÅÉë=ëÜçìäÇ=ÄÉ=ÑçääçïÉÇ=ÄÉÅ~ìëÉ=êÉîÉêëÉ=~áêJ
Ñäçï=ïÜÉå=íÜÉ=Ñ~å=áë=çÑÑ=Å~å=ëìÄëí~åíá~ääó=ëÜáÑí=íÜÉ=ÜìãáÇáíó=Åçåíêçä
éçáåí=áå=~=ÜçãÉK=qÜÉ=ëÉåëçê=ëÜçìäÇ=ÄÉ=äçÅ~íÉÇ=ïÜÉêÉ=áí=ïáää=åçí=ÄÉ

tion
Fig. 5 Recommended Humidity Controller Location
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~ÑÑÉÅíÉÇ=Äó=ENF=~áê=íÜ~í=Éñáíë=íÜÉ=Äóé~ëë=ÇìÅí=çÑ=~=Äóé~ëë=ÜìãáÇáÑáÉê
çê=EOF=Çê~Ñíë=çê=äçÅ~ä=ÜÉ~í=çê=ãçáëíìêÉ=ëçìêÅÉëK

REFERENCES
^e^jK= NVUTK= ^ééäá~åÅÉ= ÜìãáÇáÑáÉêëK= pí~åÇ~êÇ= erJNK= ^ëëçÅá~íáçå= çÑ

eçãÉ=^ééäá~åÅÉ=j~åìÑ~ÅíìêÉêëI=`ÜáÅ~ÖçK

^ofK=NVVSK=`Éåíê~ä=ëóëíÉã=ÜìãáÇáÑáÉêë=Ñçê=êÉëáÇÉåíá~ä=~ééäáÅ~íáçåëK=^kpfL
^of= pí~åÇ~êÇ= SNMJVSK= ^áêJ`çåÇáíáçåáåÖ= ~åÇ= oÉÑêáÖÉê~íáçå= fåëíáíìíÉI
^êäáåÖíçåI=ŝ K

^ofK= NVVSK= `çããÉêÅá~ä= ~åÇ= áåÇìëíêá~ä= ÜìãáÇáÑáÉêëK= ^kpfL^of= pí~åÇ~êÇ
SQMJVSK

^peo^bK=NVVO~K=̀ çåíêçä=çÑ=ÜìãáÇáíó=áå=ÄìáäÇáåÖëK=qÉÅÜåáÅ~ä=a~í~=_ìääÉíáå
UEPFK

^peo^bK=NVVOÄK=qÜÉêã~ä=ÉåîáêçåãÉåí~ä=ÅçåÇáíáçåë=Ñçê=Üìã~å=çÅÅìé~åÅóK
^kpfL^peo^b=pí~åÇ~êÇ=RRJNVVOK

^peo^bK=NVVVK=sÉåíáä~íáçå=Ñçê=~ÅÅÉéí~ÄäÉ=áåÇççê=~áê=èì~äáíóK=pí~åÇ~êÇ=SOJ
NVVVK

_ÉêÖäìåÇI=iKdK=NVVUK=̀ çãÑçêí=~åÇ=ÜìãáÇáíóK=̂ peo^b=gçìêå~ä=QMEUFWPRJQNK

_êçïåI=tKdKI=hKoK=pçäî~ëçåI=~åÇ=^KdK=táäëçåK=NVSPK=eÉ~í=~åÇ=ãçáëíìêÉ
Ñäçï=íÜêçìÖÜ=çéÉåáåÖë=Äó=ÅçåîÉÅíáçåK=^peo^b=gçìêå~ä=REVFWQVK

a~îáëI= gKtKI=`KlK=oììÇI= ~åÇ=oKcK=råòK=NVVPK=^å~äóëáë=çÑ= Ñìêå~ÅÉJãçìåí
ÜìãáÇáÑáÉê=Ñçê=ãáÅêçÄáçäçÖáÅ~ä=~åÇ=é~êíáÅäÉ=ÉãáëëáçåëÔm~êí=fW=qÉëí=ëóëJ
íÉã=ÇÉîÉäçéãÉåíK=^peo^b=qê~åë~Åíáçåë=VVENFWNPTTJUSK
e~êêáëI=`KjK=NVSPK=^Äëçêéíáçå=çÑ=ëçìåÇ=áå=~áê=áå=íÜÉ=~ìÇáçJÑêÉèìÉåÅó=ê~åÖÉK
gçìêå~ä=çÑ=íÜÉ=^ÅçìëíáÅ~ä=pçÅáÉíó=çÑ=^ãÉêáÅ~=PREg~åì~êóFK

iìÅâI=gKoK=~åÇ=iKtK=kÉäëçåK=NVTTK=qÜÉ=î~êá~íáçå=çÑ=áåÑáäíê~íáçå=ê~íÉ=ïáíÜ=êÉäJ
~íáîÉ=ÜìãáÇáíó=áå=~=Ñê~ãÉ=ÄìáäÇáåÖK=^peo^b=qê~åë~Åíáçåë=UPENFWTNUJOVK

m~ëÅÜI=oKjKI=jK=`çãáåëI=~åÇ=gKpK=eçÄÄáåëK=NVVSK=cáÉäÇ=ÉñéÉêáÉåÅÉë=áå=êÉëJ
áÇÉåíá~ä=ÜìãáÇáÑáÅ~íáçå=Åçåíêçä=ïáíÜ=íÉãéÉê~íìêÉJÅçãéÉåë~íÉÇ=~ìíçã~íáÅ
ÜìãáÇáëí~íëK=^peo^b=qê~åë~Åíáçåë=NMOEOFWSOUJPOK

mìÅâçêáìëI=mKoKI=mKqK=qÜçã~ëI=~åÇ=oKiK=^ìÖëéìêÖÉêK=NVVRK=tÜó=Éî~éçê~íáîÉ
ÅççäÉêë=Ü~îÉ=åçí=Å~ìëÉÇ=iÉÖáçåå~áêÉëÛ=ÇáëÉ~ëÉK=^peo^b=gçìêå~ä=PTENFW
OVJPPK

oììÇI=`KlKI= gKtK=a~îáëI= ~åÇ=oKcK=råòK=NVVPK=^å~äóëáë=çÑ= Ñìêå~ÅÉJãçìåí
ÜìãáÇáÑáÉê=Ñçê=ãáÅêçÄáçäçÖáÅ~ä=~åÇ=é~êíáÅäÉ=ÉãáëëáçåëÔm~êí=ffW=m~êíáÅäÉ
ë~ãéäáåÖ=~åÇ=êÉëìäíëK=^peo^b=qê~åë~Åíáçåë=VVENFWNPUTJVRK

píÉêäáåÖI= bKjKI=^K=^êìåÇÉäI= ~åÇ= qKaK= píÉêäáåÖK= NVURK= `êáíÉêá~= Ñçê= Üìã~å
ÉñéçëìêÉ= íç= ÜìãáÇáíó= áå= çÅÅìéáÉÇ= ÄìáäÇáåÖëK= ^peo^b= qê~åë~Åíáçåë
VNEN_FWSNNJOOK

råòI=oKcKI= gKtK=a~îáëI= ~åÇ=`KlK=oììÇK=NVVPK=^å~äóëáë=çÑ= Ñìêå~ÅÉJãçìåí
ÜìãáÇáÑáÉêë=Ñçê=ãáÅêçÄáçäçÖáÅ~ä=~åÇ=é~êíáÅäÉ=ÉãáëëáçåëÔm~êí=fffW=jáÅêçJ
ÄáçäçÖáÅ~ä= ë~ãéäáåÖ= ~åÇ= êÉëìäíëK= ^peo^b= qê~åë~Åíáçåë= VVENFWNPVSJ
NQMQK

táäëçåI=̂ KdK=~åÇ=tKmK=_êçïåK=NVSQK=qÜÉêã~ä=ÅÜ~ê~ÅíÉêáëíáÅë=çÑ=ÇçìÄäÉ=ïáåJ
ÇçïëK=`~å~Çá~å=_ìáäÇáåÖ=aáÖÉëí=kçK=RUK=aáîáëáçå=çÑ=_ìáäÇáåÖ=oÉëÉ~êÅÜI
k~íáçå~ä=oÉëÉ~êÅÜ=`çìåÅáäI=líí~ï~I=lkK
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