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ABSTRACT KEYWORDS
To pay attention to importance of earthquake prediction, many of Separation;
researchers try to predict this natural disaster by means of events and Bubble column;
precursors that take place before earthquake. Change of radon Radon;

concentration in thermal waters about active faults is one of these Mathematical modeling.
precursors. Radon in water (especially in continues monitoring) can be
determined by measuring radon in an air circuit coupled to the water. In
thisresearch used bubbling System for coupling of air and water, theoretical
and empirical study are done on this system. Time constant parameter as
an indictor of separation rate was lesser than 20 minutes in most of
experimental conditions. In other to determine of bubbling system’s

optimum working point, mathematical modeling of this system was

presented, too. © 2013 TradeSciencelnc. - INDIA

INTRODUCTION

Annualy,indl over theworld natural disasterssuch
asfloods, hurricanes, earthquakes, etc. causeirreparable
lossesof lifeand property. Most of theseeventsare pre-
dictable and human takes necessary actionsbeforethat
they take place. Unfortunatdly, againgt theimprovement
of scienceand technol ogy, oneof these naturd disasters
that human cannot predict thet, isearthquake. Earthquake
fromtheviewpoint of lossesof lifehasfirst placeamong
thenatura disastersand it ison second placefromthe
viewpoint of lossesproperty. Therefore, more studying
andresearchingonthisfiddisvitd.

Researchersindicated that there are many earth-

quake precursors. Oneof these precursorsischanging
of radon concentration inthermal watersabout of ac-
tivefaults. In 2007, Ereeset . studied radon concen-
tration in thermal watersand indi cated that radon con-
centration inthermal waters changesbeforeor after of
earthquake™. Therefore, radon concentrationin ther-
mal watersabout activefaults should be measure con-
tinually. M ost of radon monitors cannot detect radon
concentrationinwater directly, and they can detect ra-
don concentrationin air bond wit. Thereforeradon mol-
eculesshould be separated from water and transferred
to air. Aeration and membrane separation methodsare
usua methods. Aeration method isfaster than mem-
brane separation but air humidity in thismethod istoo
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high. When radon concentration in water changes, its
concentration should changein ar. Mostimportant fac-
tor for select separation method is quickness of this
process.

Here, timeconstant parameter isdefined asrequired
timethat concentration of radon receivesto 63% of its
final concentration. In 1996, Surbek used membrane
contact method to transfer radon fromwater into air.
He provided apipe membranefrom polypropyleneand
putitinccontinousflow of water. Air inter asideof pipe
membrane and out from another side, theninter to de-
tector of radon concentration. Exhausting air from de-
tector return to membrane so that air has closed couple
cycle. Timeconstant that he achieved from hissystem,
was about 72 minutes?.

Inthisresearch, with contact of water andairina
bubbling system, how changing of radon concentrationis
studied and time constant of thissystem ismeasured.
Theusedar syseminthisstudy isabubblecolumn. This
systemis selected since the rate of mass transfer be-
tween two phaseswater and ar isappropriateand diffu-
sion of water into air phaseincrease so consumption of
desiccant increase. Also, inthisstudy in order to deter-
mineoptimum performancepaint, gopropriatemathemeti-
cad modd isgiven. Inthemust experimenta conditions,
timecongtant islessthan 20 minutes. At optimum perfor-
mance point thiscongtant isabout 11 minute.

TIME CONSTANT DETERMINATION
METHOD

Surbeck showedinfigure 1, if radon concentration
inwater hasastep changethenradon concentrationin
arwill changeexponentialy withtime(equation (1)).

C.(t) =C,()x (1—exp<—§» O

Inthisequation zistimecongant. By fitting experimen-
tal dataand mathematica modelingresultsonthisrea
tion, wecan determineexperimental and moddingtime
constant respectively. Itisclear that if separationisfast
thenzissmdll.

MATERIALSAND METHODS

Inthisresearch, for radon separation from water
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and transport it to air, bubbling system wasused. Bub-
bling system composed of cylindrical bubble column
by 10 cm diameter and 32 cm height. Materia of col-
umn wasglassand perforated tube was used for mak-
ing bubbleinbottom of column. Therearetwo holeson
top of column. One of these holesfor entering water
and other for exhaugting air. Also therearetwo holesin
bottom for water discharging and air entering to col -
umn. Water ratewas controlled by valve 1 and 2 (fig-
urel). Inorder to consideration of water temperature
ontime constant, a heater was used on water path be-
foreinter in column. Water temperature was detected
by thermometer 1 and 2 (figure 1). A pump was used
for circulation of airincouplecycle. Alsoair flow rate
was measured by a rotameter. Water flow rate was
measured by scaed glassand chronometer. Inthisre-
search, RAD7 continues monitor was used for detec-
tion of radon concentrationin air. Thisdetector made
by DURRIDGE Company. Some desi ccant was used
onair cyclepath because of RAD7 issensitive about
humidity. Atwholeof experimentsinthisresearch, hold-
uptohold on 30 cm. thereisschematic of thissystemin
figurel.

Input Water

Thermometer 1
A
Safety Valve Valve 1
A A

—» Copper Tube

\",I","unp

Desiccant «—

= Heater
E
RADT %’
3
2
Rotameter <‘4> é
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Air Pump == Thermometer2
I ? » Valve 2

Figure1: Radon concentration changingin water detector

MATHEMATICAL MODELING

Experimenta datashowed satisfactory of this set-
up (TABLE 2). Mathematical modeling of thissetup
waspresented. By thismodeling optimum performance
point of systemwas determined. Bubblecolumnismaost
important to modeling thisset-up. Inthisresearch, axia
dispersion model that isausual model for bubblecol-
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umng?, was used for both phase (water and air).

An element with dx width was supposed in axia
direction of bubblecolumn (figure2). Massbaancesin
two phaseswerewritten on radon.

P icd peen Frcd Freem

Figure2: Element of bubble column

Infigure2, N2%and N &* areradon masstransfer
ratesinwater and air dueto dispersion, respectively.
N and N also are radon masstransfer ratesin

water and air dueto convection, respectively!¥. These
parametersaredefined asfollows:

- oC
Ng® =+¢,E, A—2
w ey o @

NS™ =u, AC, €)

oC,
OX

NS™ =u,AC, ®)

N:isp = _gaEaA @)

Infigure2, N ismasstransfer rateof radon per unit

volumeof bubblecolumn fromwater toair. Usudlythe
overal masstransfer rate per unit volumeof abubble
columnisgoverned by theliquid-sidemasstransfer co-
efficent. Therefore:

N;=K.,a(C,-C,) ©)

Inthisrelation cTN isradon concentrationininterface
of two phases. It was supposed at equilibriumwithra
don concentrationinair bulk:

C, =kC, )

In equation (7), kisradon water solubility (Ostwald

coefficient), defined asthe steady stateratio C, /C_kis
thetemperature dependent (seefigure 3).
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Figure3: Radon water solubility vs. temperature (Ostwald
coefficient k)

With substation (7) into (6):

N, =K, a(C, —kC,) 6)
After writing balanceson radon in water and air, then
substationrelaions2, 3, 4, 5, 8inthese balances, gov-
erning equationson radon concentration in water and
air will be obtaining. Thesegoverning equationsare
couple and depend on time (t) and location (X). Itis
necessary to remind that time of experiment isnegli-
gible against radon half time (T_,,= 3.82 Days), then
radon consumptioninair and water by decay reaction
was neglected®.

For water phase:
o°C

w oG,
gwEW P + UWE - KLa'(C:w - kCa) = ‘S‘WE ©)

Boundary andinitid conditionsof thisequation are:

C,(x0)=C,, (10)
oC,,(0,t)
w27 -0

o (1)
Cu(Lit)=C,y (12)

Intheserelations, C,,, isradon concentrationininlet

water to column. This concentration ismeasured by
batch method. It isstandard way of RAD7 detector for
measuring of radon concentrationinwater.

For air phase:

&°C,  oC, oc,
ga%y—ua ox +KLa(CW—kCa):8a a

Boundary andinitid conditionsof thisequation are:
C.(x0)=0 (14)

(13)
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aC,(L.t) _

ox
In other to obtain second boundary condition of equa-
tion 14, itisnecessary to model air out of column. In
other words, thismodeling result relation between ra-
don concentrationinair at inlet and outlet of column.
Constituents out of column were supposed mix tank.
Therefore:

0 (15)

Q. (C,(Lt)-C,(Ot))=V,

dc,(0,t)
—a (16)

t
V,,,isvolumeof mix tank equiva ent withvolumeof parts

inair cycle (exception bubble column). For this setup,
V_isabout 6 liters.

Experimental correlationsfor estimating of param-
eters

Correlationswere used for estimating of param-
eterslistedin TABLE 1:

TABLE 1: Correlationswereused for estimating param-
etersinthemodel

Parameter Symbol correlation ref

Weater
dispersion Ew E,= 2.7dcl'4ua [3]
coefficient
3
Air dispersion _ 4| Uy 15
coefficient Ea E, =5x10 [8_} dg [3]
a
Airhold-up & fa__00625 |’ [6]
l+¢, v,9
1
K ,ad? v )2
volumetric #:0-452{ W]
mass Rw DR,W
transfer Ka [l

3 3 z
coefficient d.u, |* gdczpw 5 u: 60
VW GW ng

Ostwald kK K=0.105+0.405e°%2T [q]

coefficient

SOLUTION OFMODEL’SEQUATIONS

In other to determination of radon concentrationin
air, equations(9) and (14) with their conditions must
solved smultaneoudy. 100 volume e ementswere sup-
posed inaxid direction of column. Thenfinitevolume
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method was used and discrete form of equations (9)
and (14) for al of element wasobtained”. Ultimately,
system of linear equationswas solved.

RESULTSAND DISCUSSIONS

Experimental results

After preparing setup, 10 testswerecarried. There
are conditions of each experiment and their time con-
stantsin TABLE 2. In order to verifying of modd, time
constants by modelswere obtained, too (TABLE 2).
Accordingtothistable, modd can predict thislab setup,
satisfactory. Therefore, thismoded wasused for deter-
mination of optimizeworking point of thissetup. Inother
words, at optimum working point:

1 Timeconstant asmuch as possiblemust be mini-
mum.

2 Senditivity of timeconstant versustest conditions
must below.

Change concentration of radoninar must beinflu-
enced by change concentrationinwater to gppliedit for
predict earthquake. Asshowninfigure3, fina concen-
tration of radoninair dsoinfluenced by temperature.

TABLE 2: Resultsof experiments

Error of

model (Bgffns) (1“ (Iit/?;in) (Iit%vin)
(%)
97 1249 1384 1060 23 5 03
10 1243 1381 1400 23 5 1
76 1238 134 2720 23 5 1.85
61 1236 1317 2830 23 5 25
32 488 5042 5300 23 08 25
67 2349 2517 2140 23 2 25
76 157 1699 3530 23 35 25
98 1266 1404 2710 30 5 1
114 1271 1434 2830 35 5 1
95 1262 1394 5750 38 5 1

Mathematical modelingresults
Water flow rateeffect

Effect of water flow rateontimecongant wasshown
infigure4. Increasing water flow rate causesalittle
decreasing of timecongtant. Thiseffectissamein other
temperatures. Experimentd datain TABLE 2 confirm
thisresult.

When water flow ratewasincreased, masstrans-

e Snoivonmental Science
A ndian ﬂowumé



440

Current Research Poper

13

12.5

N
12\.\_‘\‘

-
Py
o

Time constant [min]
-
5 .
o s

-
a

——T=23"c
- T=45"'c

‘\—‘\—“—:55 e
9

0 2 a 3 8 10 12 14
Water flow rate [litmin]

Figure4: Effect of water flow rateon timeconstant (C =
3000Bg/m?, Q,=5lit/min)

o
o

fer of radon between water and air dsoincreasealittle.
Therefore, Timeconstant wasdecreased alittle. Asa
result, if water flow rate bemorethentimeconstantisa
littlesmaller. Therefore, with attention to restriction of
rate of spring, water flow rate 2- 4 liter per minuteis
suitablefor thissetup.

Air flow rateeffect

Effect of air flow rate on time constant was shown
infigure5. Increasing of air flow ratefrom 0.5lit/min
to 5lit/min decreasetime constant appreciably. More
increasing of water flow rate doesn’t appreciable ef -
fect ontime constant. Then, with attentionto figure5
and restriction of air pump power (electricity optimi-
zation), 6 lit‘minissuitableratefor air cycle. Time
constant at thisflow rateissatisfactory. Inaddition, it
haslow sensitivity regard to changing of 1-2lit/min of
air flow rate.
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Figure5: Effect of water flow rateon timeconstant (C, =
3000Bg/m?, Q, = 2.5lit/min)
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Water temperatureeffect

Effect of water temperature on time constant was
showninfigure®6. It isobserved that changes of time
constant with temperature hastwo reigns, increasing
and decreasing. Therefore it hasamaximum at tem-
perature about 35 C. Experimenta datain TABLE 2
confirmthisresult.

Asmentioned already, solubility of radoninwater
isexponential function of temperature (figure3). In-
creasing of temperature cause decrease solubility of
radon in water, then amount of final concentration of
radonin air,that contact with water, rises. Therefore
time constant of system increases. Riseof temperature
a so, transcends coefficient of masstransfer and dakes
timecongtant. With atentionto thisdiscussion, a initia
time solubility factor dominatesand causeinitid time
congtant increase. With higher temperature, coefficient
masstransfer factor in proportion to solubility isdomi-
nate, then time constant decrease.

With changeinwater temperature, solubility inwa
ter and final concentration of radon in air revolve.
Thereforefor optimum performanceof system, atem-
perature must be chosen that: sensitivity of equilib-
rium radon concentration on change of temperature
be negligible, time constant be enough small at this
temperature and energy consumption for heat of sys-
tem below.

With respect to given discussonsandfigures. 3and
6, temperature about 50 C isan appropriatetempera
turefor optimum performance of thissystem.
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Figure6: Effect of water temperatureon timeconstant (Q =

2.5lit/min, C ,=3000Bg/m3)
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NOMENCLATURE
A bubblecolumn crossarea(ny)
C . radon concentrationinair (Bg/nt)

Cw : radon concentrationinwater (Bg/nr)
¢z - Radonconcentration at interface (Bg/m3)
D=, - diffusivity of radoninwater (n¥/s)

d. : columndiameter (n¥)
E, : dispersioncoefficient of air (n/s)
E, - dispersioncoefficient of water (n¥/s)
k radonwater solubility (—)
K,a : volumetricmasstransfer coefficient basedon
liquid phase(s?)
L . bubblecolumn height (m)
N ™ : radon masstransfer ratein air dueto convec-
tion (Bg/s)
NI : radon masstransfer ratein air dueto disper-
son(Bg/s)
N ™:  radon masstransfer ratein water dueto con-
vection (Bg/s)
N2 : radon masstransfer ratein water dueto dis-
persion (Bg/s)
N, : radonmasstransfer ratefromwater toair (Bo/
S)
Q, : arvolumeflow rate(m¥s)
Q, : watervolumeflowrate(m¥/s)
T . water temperature (éc)
t > time(9)
u, : supeficid velocity of air (mVs)
u, - superfacia velocity of water (m's)
Vm : volumeof ar goreincuding pumpand RAD7
system (m?)
p, . Waterdensity (kg/nv)
u, - kinematicviscosity of water (kg/(m.s))
v, . dynamicviscosty of water (n¥/s)
o, - Surfacetensionof water (s)
€, :arhold-up (—)
e, - waterhold-up(—)

CONCLUSIONS

1. Increasing water flow rate doesn’t have any ap-
preciable effect on time constant.

2.

[1]

[2]

(3]
[4]

[5]

[6]

[7]

—== Qurrent Research Peper

Increaseair flow rateto 4 lit/min causetime con-
stant considerably decrease, and with higher flow
rate, thisdecreasingtrendisnegligible.

ainitia time, whentemperature of water increase,
time congtant a soincrease but with higher tempera
ture, trend of time constant isnot increasing and
from about 35C, it decrease.

With aspect to time constant of system, itisre-
sulted that thissystem isappropriatefor measure
of radon concentration. Only defect of thissystem
ishigh consumption of desiccant.

With attention to good agreement between math-
ematical model and experimenta data, can say that
axia disperson mode isan appropriatemodd for
andysisof bubble column.
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