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For VOC = H > o.0i

~only waler-zide Alm conbvels

Z

) or-side flm has
alr /'/

o) h'cg(lﬁ(lole effect
waler ( ;

COﬁC
7/
CafH -C
Rak of mass ’nrom%&r = dm = - DyA / "
- gt 2w
m = mass
'%w = thickvwess of wawlcv S(de G|w\
Dy = molecular d(:["QJélOY\ coexff for watexr
A = interface avea between air 3 water

Exomples of H'

TCE (Wlahlafrod't\yum,) - common 1ndustrial solvent - 0.5%

Carbon tetrachloride - 0.98

0, - 20

Behrene -  0.14 ‘
Ammonta 485 - 0.7% CNo#e.f PH must be rased

+o convert 1onic I\IH; (Nﬂmomum)
fo gaseous NH, (ammonia) *
NH?,CPUCCM) = {oof (- 115%10° )
Nete = converd conc in moles/ Iiter to conc in 3/114»6(
by muH’lp'ymg by molecular we\‘sh‘f (glmolc)



- Vapor pressure defincs the “sabvohoun' concentrahon of

chemicad 1n & gas

NP = pwka( pressure of a chenitcal 1n a gas
phase w equilibrivm with the pure

thonatcal

Examplez  head space m closed botfle of
~liquid T will be at NP

I€ VP > 4.3x 4072 atm ) compound s defined as Vola“'.tle.

Goal of treatment process d;espb\n % to_ maximile
dm o [l o]
dt v ow ]
Cw 16 Fxed  (influent co,nC.)
Dw, H/ ave e,gge,wh;“y Gx&c‘ (cou\& ahawjz, "'CMP.>

A ié Incwased by S’P(QS"\W:S wadev o form
omaller  drvoplets

b © decreased by increasing turbulence

(L&/H’—'CVJ s ncreased by decvmsfnﬁ Ca
hecomplished vin cooater -corvent aw stripping fower - pg4

Waker with compauvxc‘é‘b be e-('fty;ﬁtmj splashes down
Hirough fowev film (maxlmnmg A)  clean air
‘o dvafbed uvpward (mwmimizing Ca)
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Figure by MIT OCW.

Adapted from: Fetter, C. W. Contaminant Hydrogeology. New York, NY: Macmillan Publishing Company, 1993, p. 418.



Mass balance fov aw shripper :

Ay, Cin B, Goot
Watevr ' ’ VS0
Tz l, ‘ 7 out
8,c()
J .
v I
@oﬁ@j
Z
O ) .
(__.—-{ [ &a/ 6-"” A\Y
n
Rw ) Cout

Ru = woter flow rate [L?’/T']

= alr flow rate [(}/TJ
Cyn = wfluent water
cone. [M/L*]

Coot = €Ffluent water conc.
G = fluent aw conc [M/13]
Goot = effluent airconc

(set by env'| requlpchons)
Z = heght akove boffom

of aw ghipper L1
C(z) = watey conc ot %

&(®) = av conc at 2
Mass balance between O and 2 °
Mass In Mass out
Qu &) + Qg Gy Qw Cout + Q,G(7) D)
ACJQU?\’\C é;n = Q0
c@ = (@ -con) (2)
Qg
For ovevall aiv $+\FFCV ,
Gout (‘QW/@a) (Cin = Cout) (%)
With CqUt(!bnum per Hcva's Law
Gat = H' Cn = %l_ (C,'h - mjf) (f")
o

Definas mimimiom alr 4o water €low rate ratko

Qo >
Qw “min

CJP\ - 609+
H' Cin

(%)

S
1\\ -



;7‘7+r|(>pm5 ﬁxd—or, S = f‘_}f H/ (¢)
Qw

-
P—3

nomber of minimom air-+o-woter rahos

needed for \nﬁlf\ eféouzncy "—:‘(’mpp('ns

| In deal case, S 1

Pmch,cat(y) & = 2 +o 1O

3.5 l:’b OP{'(M al

I£f &«< 1) alr stripper cannot ach(clvc cleyrd
removal

Required aly stipper hégh+ o fonchon of mass transfyr
Kinetics :

Mass balance for differewtial clemant of (cw.s‘Hr\ AZ ot
%e«j\m‘, Z m'%tch fower =

_ dm’
Qc ?zmz} Q C"C-E) - = e A (7)

contaminant

Mmass (n
Mogs (In wWaker woter
inflow ovkflow
drt’ _
at

moss €lux per unit area across alv ~wadker rnkr%\ce&

a = inkerface avea per Lnit volume ofF tower [L"/L”]
AF = volumz n diflevenhal element [tfj
= A;bZ
A-{ = CroSS—QwhoY\ AVEL oﬁ fower [LZJ
checke ity - Lo M - > M M L* 2
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M
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from +am-Alm Hory with woder-side condral =

dm’ ' -
7 -p SO Q
w
= %vi (CCE) - Ceng'z )> (a)
w R
- ko (@) -cea(®) (o)
£, = lhgud-phase mass Hransfer coekf
(prston \/e(oc‘(-(f\/) [e/1]
Ceg  ® waker conc (n equ(hbqu

with gas conc. = a/H’

Bock +to mass balance :

&c (z+02) - @c(?) - | k. (cC?) - c%(*)) a A AZ (Y

Qu c(z+a2)- CC'E) = c(z) -C¢ (z) ()
Ak, a ot ’

In (imitas AZ 0 By | de | - Cpo(Z ! 7

Aka  dz - @ ()
- &w de = d%‘ (M)
Ar‘LLo” C&)'Cq(?—)'
C ¢ (
Qu g h de - & dz = (/ yaqc( fower

Ak.o Coot 7 e o Mﬂ‘sh‘b

(15)



[o eofve,) need caqr as Qmoﬂ\én of C
From &g (z) -
6(2) = G (c(z) - CWJ«) (2)
SPY

Ceq(2) = GG | CQW/‘QJCC‘C%%%) Ce)

H’ H
Cin
L = —@—w—ﬁ , 7 dc 7 B ' Cn)
AL o c - (Qw/Ra) (¢ - Con)/H
cou+
r R 7 Scm 7 dC
= w ; 1 . . ,
_ Ak Lo € [-@ueyp'] + ot (Ru/Ga)/M
ekip

I
class

u

Rw & L ,‘X N {C<1_awlf?a> +
Ak, a | - (Qu/Bo)/H , H

e e
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Couk
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For design, stripper tower 2 represented as a skack of
Hanske unitg:

L =  HTU - NTU
HTU = huéln% of bransler onmt = Bw
AT!‘/,A
Q¢ p 9" - ™
Genevally =+ < D 2, = o.o0l4 —

T

Manovfoctorer can supply Kpa valves vs, tempevaturve
and Flow rate (bot best 4o &s+ (i pilot

studws befere Rnal desbn ) ka4 = o0.01 bo 0.05 see”!
fov YOCs
Q _ gpm .
Use ﬁ = 20 75&7 } Known Qw +o and Ag

Use Ko dodoe ,  QulA; 4o Fd  WTU

aomber of +anster onits
S I Cin (S_’_') + b
5-1 Cout S S

Ozc'(ﬁxm 3"0‘?‘" CPﬁ- 40) gives Fro\c-lﬂoﬁ removed

(C"“—‘CM_) Vo, S and NTU
Cn

14}

NTU

1

Note margiho( decreose n NTU r &7 3



0.20 -
0.40 Stripping Factor S = 0.5
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Number of Transter Units (NTU) ————>

Figure by MIT OCW.

Adapted from: AWWA, 1999. Water Quality & Treatment, A Handbook of Community Water Supplies,
Fifth Edition. McGraw-Hill, New York.



Hf

Foll design Proc&duve 5 given b\,=

kovanaugh, M.C. and Trussell, R.E. , 1980.  Design of
aerahon fowers fo strip volatile contaminants  Gomn

drinka ng wWatey, Joornal AWNA Vol 72 No {Z pp 684-
612 December 1980.

MWH , 2005  gives same procedure

re

Vesign pvoccdure. considers pressure drop for air Flow
through fower, o cost fockor n that blower power
consumphon .

Kuo, 1499 Chamdcu-!—) gives swm;l« fed Prooeduwe =

Get H' for contaminant of concern

Geleek & betwern 7 and 10 - S = 3.5 1 good eshmate
Qa 3
Compui'c. 5‘;/ = /

From known Quw fund A such +hat Sw < 209" :O.OM'L;L

—

A £t?
’ = IA L(.stc/mz
Determint. desived #reaked water conc , Cout |

From Known Cp desired Cpob ond estinated S,
compote (5 ) (CW{ <5’1> . LJ
NTO = [—] In ) s =
3’1‘ C°u+ S S

From manfachver dato for Ka compoke

Cavau‘-C fower hc(‘gH L= NTU- HTU





