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WHY HUMIDIFY?




HEALTH

* Many claims of humidification promoting
health

 Many based on the 1985 Sterling Study

— | believe the conclusions of that study are not
supported by the details in the report

* Healthcare codes reduced minimum
from 30% to 20% in most spaces (a few
exceptions)
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MATERIAL PRESERVATION

* Organic materials expand with >RH
— Not absolute humidity

— Expand more across grain
* Gym floors
* Carriage Museum

* Artwork
* Material cracking

HE
B3




STATIC ELECTRICITY

 Formerly a big issue in ORs

— Ether is no longer used as an anesthetic
— ORs now require 20-60% RH

* More problematic with carpet
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HUMIDIFICATION ISSUES




WINDOW CONDENSATION

e Condensation

— Windows
Brick Brick
H d I I Air Gap Air Gap
- I n SI e Wa S Foam Insulation - Foam Insulation
Block Block
Insulated Stud Space ] Insulated Stud Space
Frost or Condensation \
Glazing Glazing
Poor Thermal Location Preferred Thermal Location
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CONDENSATION PREDICTION

e Windows have a Condensation Resistance

ra

~ 3N B~ W

10
11

Factor (CRF)

A B
-10 Minimum Outdoor Temperature
72 Maximum Indoor Temperature (65 to 80F)
Indoor Temperature Near Window (Use manual input if there are drapes or blinds. If A

72 not, the default is room temperature.)
30% Maximum Indoor RH at the Temperature in Cell A2

0.00509 Indoor Humidity Ratio (#H2O/#dry air)
36 Indoor Grains
39 Room Dew-point Temperature
Theoretical Minimum CRF to Prevent Condensation. This assumes a perfect
60 installation. It is best to keep a safety factor of around 5 points.
CRF with Saftety Factor (the maximum CRF available in aluminum framed windows is A
65 about 70, and only very good window systems exceed 65)

Input | Grains | HRatio | Dewpoint | Dew-Point Lookup | Sheet3 @
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CONDENSATION PREDICTION

Dewpoint (deg-F)

Windows
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PSYCHROMETRICS

ATITTTI I 77777777 77
[t 0% ods
SENSELE HEAT RATIO= C4/Gt

A ®

Misaass

HHE o
Body Te S 17 i "
e, ; R 198
0"
050
. » it - 108
PSYCHROMETRIC '
CHART w ], Yo
Normal Temperature %, i
I-P Units ™ % oss . ‘
860 FEET % 3 “5 H
BAROMETRIC PRESSURE: 29.004in. HG. % e - s
H = s
R "’E y,; Qg
& 2 goro] = H
‘ﬁ B b £ i 5
s Ra o Wi E i
p’ d . SosnF-¢ 8 i
& naensation % H S 3o 2
Weamer Cata Lot on 2 © Soss sz 3
muw_mw‘?h R e ﬁ E
& !,r s 55 100 .
&
& ©
s & ‘RH*
& 4 .
$ D00 w N
e, * £, & s
»
D ": w Je
4 *
3 1 - @ 20
s 5 10
N = b o8
reesae
0 4 0 & 10 W 320 3 30 35 & 45 W 85 @ 65 70 75 8 8 90 % 10 108 M0 18 19 i3 100
by SOFTWARE. o s TERPERATLAE Temperature :> *
2 A 2 N

. - %o s * 2 ®




HIVAH 40 ONN Od B3 d 118~ Ad TYHINI
& & & ¥ © ®
N0 i it i s S Gl Sl Sl s it il Sl St Sl S5 e e T "l A e it Sl S i e it

AHNIHIW 40 STHONI - FdnNSS3d d IDH
- - - o o L] L] ~ L w o wy -

3
— 25
2
1
1
- 05

NS
=] Ll L=1 s L=1 ) (=] =]
@
[ - wr w ] [ o W0/ 1w LvAH ATASNAS
o o (=] o o o -
b= 4o = AHNLYHI AN 3
- A 2 b = a 2 2 8 84N
1 n PR T T ol n " n n L Ly ilyspalopn i
N R T PR o T P e e LR
ot =i ar o e (T o T =1 o =
2 T TR = A3 171 ¥ | it F
by, © e P 0 FIT = iy Aif oW1 Q 3 PV AL TN
o (] .E. HSNm | -
™~ mw FH : ’\ I~ I r i .
~ r ¥ P H 5 ¥ wa N
- _nllu A 2 u m 1 B - " mw u 4 ) .
Nl i £ & . £
- OM Ll : &..nnu ] m= ] o \m
~ 4 M I AT Wi a " v H o @ |
- 2 = »l|| s am yd u RS
g ¢HA iun s Eerd T 2 1" @
i sn c=aN HAum TR H HA i (2 A a
};wm mN AT hn‘l.HuTr ¥ ;Uﬂ.ll.._m ﬂ,ﬂ mﬂ. LH (3] ] 1 O Hio T un w0 m \
- L L4 1 y - -
N === R SRRy iR f __.mu_um i o
N H = f&wl 1 LT HFH PN -4 g b= Y
- : ¢ A N
= 1 u .
r..r.rw . T 4 = |N| HA 4 AT %uu ) A
- Emavin ammat s 3 z I OREE T i
P= b » 1 ] FH T Bt f b - . ua
- 14 L4 4 F ] - = 1 . i E A Ho 1
i 1 pANE a
SHHHCH : : ] NG EERute 4
1 w11 an Ha B P
171 H . 1] % W
- y ar = F -y PrdAm * ©
v, - »- I - H - !
by aw i P T tr i
= " v i a2 A
Swgv il v g ® g
EEERAASTY 1 aues #
2 . "
& g e H © ane 1nﬂmu.n 1‘|Nﬁw..\a
! ara ]
w0 Fi . H mn 2 . m._ \.:
S ® » nm: m ]
A i
® R e I
4 i
W

Body Te
&
d

5
o

on
.
&
ég‘r
e
50
45
45
- P

e

&

RSP NP

[ENT HALPY
s
K

5
"("
15
2
10 15

PSYCHROMETRIC

CHART

aadny

5

&
SCONSH
’s,
20
20
Chart by: HANDS DOWN SOFTWARE, www. handsdownsoftware.com

-5

(=)
-10

Nomal Temperature

I-P Units

BAROMETRIC PRESSURE: 29.004 in.

860 FEET

Wesherlaa lo=tion
MADISON_DANE_CO_REGIONAL_ARPT |

ot

=]
¥ ]2



HIVAH 40 ONN Od B3 d 118~ Ad TYHINI
& & & ¥ © ®
N0 i it i s S Gl Sl Sl s it il Sl St Sl S5 e e T "l A e it Sl S i e it

AHNIHIW 40 STHONI - FdnNSS3d d IDH
- - - o o L] L] ~ L w o wy -

3
— 25
2
1
1
- 05

NS
< < & o & 2 = Szmu:e LVAH A HISHAS
o L=} o o o -
e 4. - 3dNLvY
wy < w o Ll Ll o Ll o w o
o =3 ~ ~ el - - el L S ]
[~ B — PRI R | L Fu Lyl g
N s e A aiEay s
B H e VS| v A1 F
fom 1 A I AP q_.uus W 3 PV AL TN
NN stttz itnissenthniech s
- — ' P
o [ L« A~ H r
™ i b AEE P F 0
- _nllu = § =3 u 1 4 u.nw u 4w
- . q b
Npf R ieeiins: & - b : e 5
H H s m= ] A
~ 8 H PR PP R  ii% :ariays .
-~ 3 = ou - = yd e A=
- i oHRd st SRR 2 7
M1 = 2 L] + e 1]
-89 2 s s gt PHE AT APy R AR e e =
~ ey B anmacan o tH PR £ HE ¥ T
= ~H ] t &
N " A T ‘f&wl 4 .H.”“mm.._mum ] ran FHA L ...__ mw A
- : ¢ A N s
r..r.rw 1 T bt an HAN H A %mu e
- Esavin sas # T - ] 1 5, ar ¥ FHIA °
b N » T =71 L =1 . o~ = = i P \‘ - Nl
- r. K =L F — = 71 u -
o = = w4 4 A HS y
& I } F i FHA ¥ I ¥ - o .\m
__.. 1] H e may N sa |u|_1 |m_n 4‘\ : ri 2
v, ' I - ! - !
by aw i P T tr [
= ] H K o \
= _L-“__ =T M P Ll ’ 0 u.
m 1 i ]
& aney » -+ Frpu anin s dc ayart NUNCRY
AT TPET ¢ e
- = — |ulnm = . WA~
R <3 it
an e
® ar I
it
i

65
s
g

et-bulb>

on
.
&
ég‘r
e
50
45
45
- P

e

R
g
&
N
ér
SCONSH
20
20

’s,

RSP NP

PSYCHROMETRIC
K
&

CHART

aadny

5

2
isig
5
15
Chart by: HANDS DOWN SOFTWARE, www. handsdownsoftware.com

-5

(=)
-10

Nomal Temperature

I-P Units

BAROMETRIC PRESSURE: 29.004 in.

860 FEET

Wesherlaa lo=tion
MADISON_DANE_CO_REGIONAL_ARPT |

ot

=]
¥ ]2



s e,  ANECEEEE U NS s J L1 L
1 A AN Nk RN AN
b B -
. Janiannani et it
Py imar - -+ : i=y p ~ - I';-
! ¥ NN NET ] ~ S0+ &
) - I - P ~ 1 1
L NP i +
b ] ] AR IENARANE i na 1 39
[ nnu il | = = '\. T
- ) = J ' 3 3 2z })F
= b
: MADISON SR S R e
ENTHALFY & . |f‘-'2<~ = = =] ;}i‘-
FMOTYRATIO & ® 30 SLuEighy FE X Aus Y
fCHROMETRIC mausEe PP e H
- 9 L = = 1 v -u ri 3 -
EEELY K anmi
ART R S U ]
. VTR §
mal Temperature ATy Smmt Eun Semagiys taanitaamaca]
- 75 S ri i b 4 b, ‘IGI?
75
nits = PR HTS ] A E 7!
r I = . b v h'\ :l ‘\\ k!
A —
FEET sacumaritinl
> s A S S
IETRIC PRESSURE: 29.004 in. HG ‘L‘j L HAdL e A A
T I ] . . 2
70 At v v gl 9 \,ﬁ;" ™
11 1 A 1 N _,‘_45 L m
& - ) = A 14 AR
\3 <5 Iz #‘ 4 Y L e = -
6% =] - . \lﬁ %\ [ E= -
. § . e RS TR R
+ B o - -
Qﬁ) . n ur_‘)n ;( by )\.I n W =P L]
e 12l . KN
& 2 PHHT -2 & A
3= LoGon 2 SaScums E-anicun PR P T
& &0 y.o . '.EE_ .
_DANE_CO_REGIONAL_ARPT_5ig W SCONS & 5 S W A H- &
3 . 3sanarzay s SERcy
\ o “wi FARSE .l F= M1
55“ s QR‘@ 55 ¢ TR TR TR Tt 1T »aammLs -EFLQ:'- 1
‘}{f" <s"l. %' L " DT 5 R 2 . PRE= il
b v b L] b %
@-ab . PRy 1 e ZSEREL . EcEE EE T
-t 4+ - f- R D R Ty
\y > 5 3 mi Ig - L .’F--j » z' o
-] Q?‘ = v ElvENe » L] " o CgJ'..
& s 2arn ey aSagmatasts e ,
S e e %1 b - 4
A AR X PR U= - =
40 e - o = : -y °ﬁ~ et had
bl b TS gﬁ."ﬁ . v 4
3 5 3 5D N T S = F
e = + = ] el }',3-.»"‘-“ PR
0 6‘ ] e = = ] _§ :-Q TR - - ;
oh 1 X N - S AN
25 % < N TECERE T & . ~
20 7z _3&1-‘ A Fop i = EEEE - =T :“‘IL E, ] .
s 7 - ™ - —
3 10 " o = = e [.A"IN EHU"I:ﬂf L o "T?I‘ A $id
o B RE i - " o EANETEEC YLk ekl
=5 [ie I 8 K Py vl Fo -k k. 7 -
1 3| £ T o8 AANSHUNASHCRS SR 8 e ‘kl SN
I EIEEE |‘1.th|1. AmAm r‘w T 1 1 A Pt T =

o] Q -] 10 15 20 F-] 30 35 40 43 0 53 60 63 70 75 80 as 90 -] 100 108 1Mo 118 120 125 130




4. - FHNLYHI dWAL LNIOd WE0

(1] L=] ' (=] il ] (=] Wi (=1 i (=T I~ I =1
L L — 'l — 'l A — ' i1l — L L ol i ' AL A1 -HU
S R P R P R T P P e e D
||HW... ] - H I = = G A A P 3 =
i L L4 1 FANrd I 1 arl (11 1
. - = . . ]y A0 A0 ANND NS OR ] O SN DLV ALTOIWN T
ammaes 1 > oy E_n o ¥ ™ KE » F w|1
== 7 u y ul FE . “ K - T L N
T A L — o - — Hhmi
A A EE . A f—tell
2 L umes A 4 u a I\&W..l. _\.. __m. ¥, J H
Hwﬂ, 2 4 A L - LT 4 u._lu.._.mﬂ i 4 dnlﬁ
M .r._ Qp SN aunce ¥A. . A L b \m ] -
3 % = - L e o
Fl ﬂ‘ Fs OM, A g N & 5 -
" = 5 = " m - 7 TP
HH - = t ,W..MQI u ¥ i ... . i v o E ity
am i o % i updl
H F H ian r . 4 -
» - Q,W.ml Fann I .._mﬂ AT s * 3 o
I+ 3 - 3
PR A L vl : e
e P e ] £ £
(LI . 254 (55 E [ = 17 .
s a P cam ] ik
Fl o z AVEH e = E =g 4
mwwqqu. b - \ﬁr g fsainian ¥ rAR 2
radn A ] 9 AW ol H
> 11 = o
mm A TTF . : A1FF P = 4 o
& e axamns = S A B ¥
- FHAA T Ao} in
b T L o = ; (1) - g
L A = 4 ﬂ 1 .
7 ﬁ J."J.._ i = s 2 T TR x y
LT 5o Fa A
= A v : A - 2 -
Smu = 2 o - W raus
& E ] o il Iulxu .
Fi : a £um . o < \.U‘Ll L
‘10 o W4 » o - W. - 2 = .
S AT :U;Num.m 4
] =
¥ AL e A9 ura
NG wr
0 ] L 1 .13 o mu\wﬂwﬁ
'y s ' X a0 G ...uIMm
addd, -+ w
' ¥,
® oL e t W
o 4
"
“MA..._ IS %
&
o v, m m"w
%, ) i
%__wa\ 7 vaki
7
o 2 ain
% &\n\. Ly w
(*)
U, g !
X s a0 S
a2 a £ 5
- * .m__m
% R
-m& £ Ki
(%Y o
® ucs g
ﬁoov e nint mm.,
g st
\F% n-ﬁ e L4

15

15
e s WAMOC MALAA COACTIAADE snsna ham ol A s ne afroses soes

-5

omal Temperature
IROMETRIC PRESSURE: 28.748 in. HG

P Units

'SYCHROMETRIC

HART

106 FEET
ENX_SKY_HAREOR_INTL_AS,
-0

]
]

=]
¥ ]2



Je THTIAYAI AN AL LNMIVE vauU

w ) w o w o w O w o wo o
“ w L "~ w w w w - - L B B ) -0
H- 1 ‘w L A s — A — — 4 " 1 —H A L H-K "I- ' -Hb -,-bhn m“
T T o TR D St T T SR A LT o P H A e A R DY
B b 1 N D A I ».A.W “ap i
ST A ALY AH0 40 ONNO4 Y14 JUN LSO O 5N Y OLLYH ALIOLWY) O
- = g b7 -
&
" 4 » 10
| o 4 o’ v\il )
4 - ﬂ. 1 4
LAl
. annly EpH 1‘_0.—. -
-+ v 4 A @ NI‘
by om 3 LA
e “ A\ o
5 5 -
y L. -y
& - n&%« A m y 1 4
“ F 1 * ” .Nr lu
\/r - . X vdlum 8
- o - ‘r -
..M N “ Ry 4
™ “ nsi ﬁ& -4 192
& , AP =k
T P o1 zil
pr A vz; % | ’ 1
”4 » e &
- v "
4 =¥
: 1 ", .
S B asgainiaa F ¥ :
. ’ e s o mM
A T + Tl
™ 1
w0 — - 1 J
TAL C o
LA t (4] ©
W“ 4 4 ln
% ) ot * 4+ - L ﬂl-
A i o { ntu
() ? 4 1
- 194 whlld
1 £ T o
- a 2% ~
O L
v ;
"~ EM“
A 2 2
3 : 3 A %
Pluru 2
0 Dy < ¢
2
/4
W
" 5
Ll 3. E;
%, 8
Y, o
“, B\ i
9 4
.v k\. ~ N\

Q 9

SWAMP
COOLERS

0 »f P

erature
lE:28.748in. HG

3 2y

—_




dIV AYA 40 ANNOd d3d N1g - AdTVHLINI
& & & © ® &
0 0 0 AdNOY3N 40 STHONI - FINSSTHd HOdVA
(3] N N - - o n 0 n n n [fs] n wn n wn
- — - - - — “ @ L @ @ ™~ ™~ © © v L] ~ ~ « @ N N - A < | |
R I O N N SO RO NN N T R T N S
S ANRRRARRRAM ARSI AT AR A
° Q 3 B 3 8 R 2 8 8 8 10/50 = OILvd Lv3H 319ISNIS S
c o =] =] o o o c o — 3
do - 3UNLVYYIJNTL INIOd M3A
8 8 3 R 2 g 8
[ , L] , | [ 3
e AN A FH AN AL 522 &
9 22 CARY AR B RSY RPN S AR i S .
S . ~, K| NOd d3d FH4NLSION HO N
o
& ™ 9
n —
o S
g o
3 m u % 3 A v
< [/ ! ’ = \ |
4 $ (L ARTAT +H
M S = A ] MMV i N\m
L2 A R Amiianrs SuSSZRRY avan S
~a 2 u J A 1 % NR=T] Ny AN (T s a2,
s@ [ , S 8. ORY S A 7S 1
@ arow SuEyaECin A e t
H VA AT A SLUME” P @h~aua m AT +w /A s
ReSHoiee e EARRR L B pgasyayats:cdfpassr ddeusasguusy agsn eI ZT00
~& S A AT A A T S A A P S A K DA A XA y
S H@Wﬂwmﬂww L A R R N IR e,
A A A= S A A T S A A A N A T A e A N A A
S s A A A A R A PSP Nw g
- NW“% HMNI\\ A x}mu\m%mmumumuw%mWHNWNNHNW DK SI X P
e A s AT T A DS T T AN 2 A S P AN A
& P T AR T A TR A T A A AT R A ) AR P NN T A
WHMM i NWNWMNWWWMMNWNWHHWNHWWNAMNWNWMW 7 WVNHHN‘NWMWNWWM NHMN\LMNTN‘M iR
TS A AT = AT N AN A R A A A A 7
B A P A R A T T R A A R o S P A DR XA AN NHNWNHMN‘N an a7/ -
2 /Anuumuuwmwmmmwmmumwmwxﬂ mr.vmvmm@m&%vmmwohmmuwwymﬂmm;wwmm EHEEN N\N\NNWM? Zaz mN\N mmm g
Y ARG | i A A A H
IS A SR A A N A KA A AR &
e S AL R P A S SO O AOA NNHN\NMN\N;N I an e I
S 2 Lnumwumm\wmummuwmvmmxmwwwmw\umm\wummmNmmwxmu\mwmmmmeNm azess Kmvm“mnwmmmmw g
S an R, A e 4y SER ULy S Cena  Seamaah <5 e Aan e ARG 0% YA a7 I L
& S IS A A S S m\NNmHN‘NMNN\N Faseas B
Znuxmwmmwmuuﬁm\mmw anans on AN XX S e &
o WAMMMN%WW.MM“M 558 el NMMNMMWHWNWNN rags 3
NAADNAZ SO AN TN A A7 L]
f&ﬂmwwmwwwmm% A vmmmlmmkwmwm%mm e 2
8 P 5, oo 70 N@NN‘@‘W@NME MNWWN &
N J - | 4 71 o
S & N
° AR R Saneds e
s Ehare v eigedfy
2 w gi \Nwrmm 9
® . Sah A
% A duriod
2, i NN 7 v
vm% 14 71 v )
S w* wivarem
%, X A
S LY /N\ ) m 1] y 7 ° £
n £ e ¢
£ 2o s
= 0 WN g 2
1 ¥ 7l 2 ©
< o £
me “ 3
Wi 2
A 2
0 avarai O
~ 124 <
naw_@ .,w%.p = Mw w
| % dz 2 [\rrirgcar Bl
02 Q < ~
e oo | o 23 &
i 2 ) I F o <
: i i = = E o, oV 2
B fx 3 3 2 7 S
%] Tl = 57 o
2|F El5 = © S o Y o BN
o @ — 2 x ) = z
@ M L () H M, ~ =
M o o ES ) m
o E 7 S ] 3
() w L. & o Z
Tt W is ’ W 2
—_— 6} T .
OxX © ¢ Weg Su 0 &
= x [T = < 0 =
. >L Ez S £2 % 5
2 nL o a © 2 k2 2 2°
2 4 DLOZxX o3 g3
o] e ==




dIV A4A 40 ANNOd d3d N19 - AdTVHINI

& & & © ® ©
o) w0 n AdNDYINW 40 STHONI - FINSSTHd HOdVA
o ~N o~ - - o wn w0 wn n n 2] n wn n n
- — — “ — - — o @ @ @ ™~ ™~ © © bt} r « N - Anl <
T O I (NN S N N ! ! L
T
o
: . NN
< n 0 @ © = ~ o
S S I} oS oS =} S [}
do - FHNLVHIdWNIL INIOd M3A
n o n o n n
0 0 ~ ~ © n
, BraedE Rl e et e e B
2 S AT 5
[ ” IV AHQ 40 di 40
& , /
P S ”
@ 1
" T
of DK |
33 z 2
= - = N
< Il ~ I &
5 W iri S 4 E
w L2 4 —
@ & il ~ MWA«%« 4 I M\ \Nz‘v\.ﬁ\ L \\M\\ 8 \w
~82 A M AR g CeAR s AR
5 BE R
S& Wi ~ R Oﬂlkﬂ N 1 o
& e Ht Joerier , S
[ 1TT54 iy U\AA e cO¥ T A
H Wi 1 ]\M% Vil W 150 oW 14 H 8
~& <A ST e T TS AR AT paRvE \lH\N Vil i
s BB s X Sannaduzranny JoRRd pi2 A N A A A S H A A,
L A A A A oA Y > 7 XA
- S T =/ DA A L b BA AT \xuwmmmww BiRr amry cday faiza \WWN\N\N\N\
- mmmm“\m l.w\\\uxxnwuuwwmh BRGrare A PN A A DA A X Nm ARV o
EaSuApARDARRS S RpanEpSRRESNIY AT NI A A A
$ S EpAREySRs =AY IEEEE S = VA CA AN XN AmamARAR
< 1 e % o Y ANBNUARRAND 44) SHY VPN NAP VAvAR ARV/mvA M AW
/egRaRE T xmuNwWNmuwmmw%NWNmmwmnmm N o \\MANW\NHNHNWNWNW dBaS dua e pararazey 9
N AT S T - PO R X AN A A A
o AL AT N e B R A N‘N\xxu\m u w 0 MNnN\wr\
AR A R R, T U Gt R
~LL o e me B et 21 ] N W\ peda N“r A \Pk]\N P IR..
ol E e {la /4 s {SKE Kobpl/ M iesr T S
s R R e e -
44y N i |d ® B A WAD Y avs 4
R S/ daara S b e s sa g g meNMNmNwaNNmmmm g
S5 3 S CLAPME BT RN e &
4 vm DS A AR T Z AR
3 <) g (4749 \\NWNNN\ANNN\N @
v - cl Vipavarwiaaa N
i 4 H N\Mx NRNNJR 8 @
2 5! B e R woNquwo,NNmeNmN &
/Epdedniinsatn .
® S S LA
) 71 A \NN
s
A
3 5 A7
) 3 & 7
/\v@ ard )
/vvox\v 0 \N
S X ¥ VA c
§ s %, 9 Ao s
u > ...wo m«v@ 2 20 5 m
%, S 3
= > P W
T ® 3 S
oy o
A 82
3 i
=]
e 2
8l B 2
kY, i =
" e ez A g - Lrek ]
. 4 1l >3 i
9= 04 1000 o) @ o) &) % o e g
: i o 7 = = c @3, 9 Yy 2
215 e 2 3 2% 5
2° 5 ® g N &S §
@ &l st 2 o S = >
2 L @ ai J M 2
= 9 z z B 8
O €& a 3 @
x & & -
T = g 5q © e <
H T _— E ] .m C_ 5
Ox Tg We iy % ¥
2 > < gz g mm_ _ M
. WL s Q¢ 55 S 26
2 o 23 _
g ® DO ZI 03 52 s
ol e == H)

o

<%

<0

s

4




HUMIDIFICATION METHODS



EVAPORATIVE (ADIABATIC)

[ ) Water Supply
P d d \ Water

Distribution
H\ ~  Tray

— Residential, greenhouse, dr

Water Panel

climates T
— Not legal in hospitals ~f T,‘M
1 :3 umidified Air
* Spray
— Commercial — mostly dry
climates

— Not legal in hospitals

e Ultrasonic & Infrared

— Computer room units mostly
— Not legal in hospitals
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STEAM

* Boiler Steam
— Inexpensive
— Low maintenance
— Less space needed

* Clean Steam
— No potential carcinogens
— Maintenance depends on feed water

— http://www.esmagazine.com/articles/95728-
humidification-options-amines-and-the-impacts-of-
ashrae-standards-621-and-170



http://www.esmagazine.com/articles/95728-humidification-options-amines-and-the-impacts-of-ashrae-standards-621-and-170

BOILER CHEMICALS

Should they be used for humidification?

 Health Risk e Maintenance
e POTENTIA  Without amines,
_ - condensate pipes rust
carcinogens swiftly
. _ - * Neutralizing amines
62.1 B FD'A_‘ b.OI|er protect condensate pipes
chemical limits — Cyclohexylamine
— No air monitoring — Morpholine
— WHEA fought hard — DEAE
) & RO reduces blowdown,
for this chemical costs, corrosion




ENERGY SOURCES




HEAT OF THE AIR (ADIABATIC)

* Pads, sprays, ultrasonic, maybe IR
e Called “adiabatic”

* Not legal for hospitals

e Common in dry climates and computer
room units
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ELECTRIC

* Low first cost
* High operating cost

— Natural gas ~35% the cost of electricity
* High maintenance cost

 Difficult to control accurately except for
deluxe modulating units




NATURAL GAS

* Relatively low first cost
* Maintenance depends on design

* Good option for clean steam at multiple
distant locations

HE
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STEAM

 Traditional

e Jacketed
e Smaller tubes

* Need summer
shutoff

* Short Dispersion

* Large diameter tubes

* No automatic shutoff
needed

HE
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HOW MUCH HUMIDITY
DO YOU NEED?



WISCONSIN CODE

e ASHRAE Standard 170-2008 Addendum d

— 20% for most healthcare areas
* Surgery
* Delivery
* Procedure
* Endoscopy

— 30% for a few areas

* Intensive Care
* NICU
* Newborn Nursery

HE
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WHAT IS THE BEST LOCATION?

e Upstream of cooling coil?
— Eliminates water in duct risk
— After HC so air is low RH

— Low velocity can be an issue
* Has anyone experienced this? Email me!

 Downstream of fan?
— High velocity = short dispersion
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MY OPINION

* Between Preheat Coil and Cooling Coil
— Prevents water droplets going down ducts
— Low RH normally for good absorption
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STEAM HUMIDIFIER
TYPES



JACKETED BAYONET HUMIDIFIER

Need automatic - '
shutoff valve!  EEEp STEAM L )

‘4 T
@@@@@@@@ = j]:ﬁ: <JSTEAM
L:! SEPARATOR
bwuu = ||:ﬁ
L |
COND%VSATE
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SHORT DISPERSION HUMIDIFIER







DESCRIPTION

 Bayonet tubes are ~212°F
* They cause unwanted air heating

* Short absorption manifolds have large surface
area and intensify the problem

* Up to 5°F of heat added




INSULATED BAYONETS
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ADVANTAGES OF INSULATED
BAYONETS

* Energy efficiency
* Less water waste
— Treated water waste
* Better control of discharge air temperature
 Complies with energy codes

—90.1-2010
— [ECC-2012
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DISADVANTAGES OF INSULATING
BAYONETS

* Higher first cost

e Can be more difficult to
clean

e Must be rated for use in
the airstream

e Potential wear and tear
of insulation




STAINLESS STEEL SHELL WITH AIR
GAP

Cool Airflow
Nortec .
- R=066 Stainless steel
- 70% cqndensate ShlE'dlng
reduction
%" Air-gap
i Foam strips
Hot Steam
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Losses (lbs/hr) per Linear Foot of Tube
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Stainless Steel Shell with Air Gap

500

1000

1500

Duct Velocity (ft/min)

2000

2500

===50°F Standard
==60°F Standard
==70°F Standard
===80°F Standard
===50°F Insulated
===60°F Insulated

70°F Insulated
===80°F Insulated
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ELASTOMERIC INSULATION

HE
B3

Elastomeric

R=0.74
Flame Spread — 25

- Smoke Spread — 45

- Thickness—0.5in
- 70% condensate
reduction




PVDF INSULATION

PVDF

R=0.56

1/8 inch thick
75% reduction in
condensate

0/0 flame/smoke
rating

Steam exits through
tubelet orifice

Stainless steel
dispersion tube

Heat-welded
insulation seam

1/8"-thick PVDF insulation

Tubelet shoulder secures
insulation to tube




THERMAL INSULATING COATING

Ceramic spray-on coating
Approximately 0.03” thick
R-Value of 0.045

Durable and easy to clean
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DISPERSION

1500

TUBE HEAT -

1300

LOSS
1100
1000
300
800

700

Btu/hr/linear foot of tube

600

500

400

300

200

100
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Heat loss vs. air speed at 50 °F for a 3" o.c. tube bank,
1%" dia. stainless steel tubes with 212 °F internal
wall temperature

« Uninsulated

v tubes

o Tubes with
’ P “| thermal

. insulating
o L - coating'

, = 1 Tubes

- - insulated with
=~ stainless-steel-

— = shielded air

T gap’

PVDF-insulated

=T tube s’

1000 1500 2000 2500 3000
Air speed, fpm




R-VALUE

e ASHRAE 90.1 6.5.2.4.3 Humidification
system dispersion tube hot surfaces in
the airstream of ducts or air handling
units shall be insulated with a product

with an insulating value of at least R-
0.5.

B ENGIE
e G"”GE,;
ETT NG
(36 ™ )
(5 TN )z
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N A A
\o! <
N —



KIWW PERSPECTIVE

Worth the added cost for new construction

Will save energy if implemented and
maintained

Should be considered for all projects
Required for 90.1-2010 or later and LEED v4

Insulation type should be evaluated for each
project for cost, longevity, and R-value




CONTROL OPTIONS

* Return Air
— Slow response
— Need limits on supply RH

* Supply Air with Return RH Reset
— My favorite option
— Fast response
— No wet filters

HE
[£]e]




MAINTENANCE
HEADACHES



WATCH FOR IMPROPER PITCH




WATER TREATMENT

e RO reduces TDS

— 90-95% reduction in TDS (including
hardness)

— Surface water vs. well water
 Madison = 18-20 grains of hardness
e TDS = hardness + other minerals (sodium)
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WATER TREATMENT

e Softening
— One 2+ (calcium) replaced by two 1+ (sodium)
— “Naturally” soft water is not like softened water

hydrogen [l metalloids

[] alkali metals [] non-metals
alkali earth metals [E noble gases

[ transition metals [[] rare earth metals




WATER TREATMENT

* Legionella and Infection
— No issue for steam humidifiers

— No recorded Legionnaires from swamp
coolers

B3




Q&A

Jeff Boldt
— boldtjg@kjww.com
— (608) 221-6709 direct

— (608) 658-5750 mobile

Engineering nerd watches 1,772 hours of ASHRAE ...

5 www.youtube.com/watch?v=woWi792Vwél »

Jan 20, 2014 - Uploaded by KIWW

In a fantastic display of nerdiness, Jeff Boldt, Director of




