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Ex ten sive work has been car ried out on mea sure ment of ra don and thoron lev els in in door en -
vi ron ment in last three de cades. These stud ies are im por tant from ra di a tion pro tec tion point
of view, if one con sid ered the con tri bu tion of ra don, thoron and their de cay prod ucts to to tal
in ha la tion dose. Nu mer ous stud ies on ra don mea sure ment well es tab lished the be hav iour of
its dis per sion in dwell ings. But the short lives of thoron cause the dif fi culty to un der stand the
dis tri bu tion of thoron in dwell ings. The prob lem be comes more com pli cated when thoron
dis per sion is stud ied un der dif fer ent in let air flow rate. Dif fer ent air flow pat tern may cause
dif fer ent thoron level at dif fer ent point in test dwell ings caus ing un cer tainty in the mea sure -
ments. This work uti lized the CFD sim u la tion tech nique for study of in door thoron dis per -
sion in test dwell ings un der nor mal and tur bu lent flow of air. The sim u la tion study for thoron 
dis tri bu tion in a test room was per formed for air ve loc i ties 0.10 ms–1, 0.25 ms–1, 0.50 ms–1,
1.0 ms–1, 1.5 ms–1, and 2.0 ms–1. The re sults show that the thoron dis tri bu tion be comes uni -
form for the in let ve loc ity more than 0.5 ms–1 and ap pro pri ate to mea sure in door thoron con -
cen tra tion. While in nor mal con di tion the mea sured thoron level var ies de pend ing upon the
lo ca tion of do sim e ter. Thoron dif fu sion and mi gra tion length are also in creased with air flow
rate.

Key words: in door thoron, thoron dif fu sion length, in door air dis tri bu tion,
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IN TRO DUC TION

The ex po sure to ion iz ing ra di a tion pro duced by
in door thoron and their de cay for a long time may in -
crease the prob a bil ity of var i ous health risks [1-3]. The
thoron gas is pro duced from the de cay se ries of tho rium
with the half-life of 55.6 sec ond. The con tri bu tion of
thoron for in ha la tion dose is some times con sid ered as
neg li gi ble due to short half-life as com pared to ra don.
Some re search ers em pha sized that study of the in door
thoron and its de cay prod ucts are equally im por tant as
that of ra don study [4-7]. The in door thoron lev els de -
pend upon soil and build ing con struc tion ma te ri als
char ac ter is tics like tho rium con tent, mois ture ma trix,
dif fu sion length and po ros ity as well as the build ing
char ac ter is tics like ven ti la tion rate, di men sion and air
flow pat tern. The ven ti la tion is an im por tant fac tor that
can in flu ence the mea sure ment of thoron. The ra don
which is a gas sim i lar to thoron with half-life of 3.824
days has dif fer ent dis tri bu tion be hav iour when com -
pared with thoron us ing CFD tech nique for a test room

un der closed and open room con di tions [8, 9]. The in let
air ve loc ity var ied from 0.01 ms–1 (closed room con di -
tion) to 2 ms–1 (open room un der dif fer ent ven ti la tion
rate) while it takes value of only 0.5 ms–1 for nor mal liv -
ing room con di tion. Very few stud ies have been per -
formed to eval u ate the fac tors af fect ing in door thoron
be hav iour [10-13]. It was found that in door air flow pat -
tern in flu ences the spa tial dis tri bu tion of thoron. The
study of fac tors af fect ing the in door thoron be hav iour is 
a chal leng ing task need ing the ad vance ment in mea -
sure ment pro cess and mod el ing. The pres ent study is
aimed to in ves ti gate the in flu ence of in let air ve loc ity on 
thoron dif fu sive be hav iour in dif fer ent tur bu lent in door
en vi ron ment. A com pu ta tional fluid dy nam ics based
mod el ing was per formed to study in door thoron be hav -
iour as the func tion of in let air ve loc ity. The model in -
cor po rates the change in ve loc ity at door to study the ef -
fect of in let ve loc ity on the dis tri bu tion of thoron gas.
This model in cludes the pro duc tion from the wall and
de cay (due to ra dio ac tive de cay and ven ti la tion) of
thoron. The ex ha la tion of thoron gas from the room sur -
faces was con sid ered as the main source mea sured in
ear lier study [14]. The pres ent model gives the knowl -
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edge of thoron dis per sion in the in door en vi ron ment to
as sess the in door ra di a tion ex po sure. Dif fu sion length
and dif fu sion co ef fi cient of the thoron gas were es ti -
mated from CFD re sults. The study may give an idea
how to mit i gate the in door thoron ex po sure by un der -
stand ing its dis tri bu tion pat tern. 

MA TE RIAL AND METH ODS

De tails of model room

The ge om e try was cre ated in CAD-GEN for
CFD  sim u la tion  of  spa tial  dis tri bu tion  of  the  thoron
gas.  The  test  room  un der  study  have di men sions
3.01 m × 3.01m × 3.00 m (fig. 1) with three doors (D-1, 
D-2, D-3) of di men sions 0.90 m ×1.99 m (width ×
´.height) with a gap be tween door and floor of di men -
sions 0.90 m × 0.02 m (width × height). The sur face
area of walls, floor and ceil ing for the model room was
30.9 m2, 9.10 m2, and 9.10 m2. The door D-1 was con -
sid ered as in let and the un en closed area be tween door
and floor of other two doors (D-2 and D-3) were con -
sid ered as the out lets in CFD model. 

CFD mod el ing

The in door thoron con cen tra tion dis tri bu tion may 
be af fected by the air flow rate at in let. To study the ef -
fect of in let air ve loc ity, mag ni tude on the in door thoron
dis tri bu tion pat tern, mod el ing was per formed on CFD
plat form. The mea sure ment of thoron flux from the wall 
was mea sured with ac tive tech niques and re sults for the

same test room are shown else where [14]. The de tails of 
the ge om e try and mesh of the test room can be found in
our ear lier stud ies [9], how ever bound ary con di tions
were changed ac cord ing to the in let ve loc ity at the door.
The three-di men sional air flow in the room was sim u -
lated at six dif fer ent in let air ve loc i ties i. e. 0.10 ms–1,
0.25 ms–1, 0.50 ms–1, 1.0 ms–1, 1.5 ms–1, and  2.0 ms–1.
Fi nite vol ume discretisation tech nique was im ple -
mented in code to gen er ate the grid points.  The air flow
was as sumed to be in com press ible [15]. Fine mesh was
used near the doors and the open ings, which gave the
pre cise re sults with less com pu ta tional time. On the ba -
sis of Reynolds's num ber cal cu la tion the pres ent prob -
lem re quires the trans port equa tions to be solved (mass
and mo men tum con ser va tion equa tions) us ing tur bu -
lence model. The k-e .model is used to in cor po rate the
ef fect of tur bu lence. Steady-state flow field was es tab -

R. P. Chauhan, et al.: Dis tri bu tion of In door Thoron in Dwell ings un der ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2017, Vol. 32, No. 2, pp. 180-184 181

Fig ure 1. De scrip tion of room ge om e try

Fig ure 2. In door thoron dis tri bu tion at
dif fer ent ve loc i ties;  (a) 0.10 ms–1;
(b)  0.25 ms–1;  (c) 0.50 ms–1; (d) 1.0 ms–1; 
(e) 1.5 ms–1; and (f)  2.0 ms–1



lished in the room af ter solv ing the mass and mo men -
tum equa tions. The gov ern ing math e mat i cal equa tions
and sim u la tion pa ram e ters are de scribed else where
[14]. 

RE SULTS AND DIS CUS SIONS

Air ve loc ity ef fect on in door
thoron dis per sion

Due to short half-live of thoron gas it de cays ex -
po nen tially from the room sur faces re sult ing in thoron
con cen tra tion gra di ent in the test room.  The in door tur -
bu lence con di tions were changed by chang ing air flow
rate at the en try of room. To study the ef fect of in let air
flow on the thoron dis tri bu tion in side the room, CFD
sim u la tion were car ried out at six dif fer ent in let air ve -
loc i ties i. e. 0.10 ms–1, 0.25 ms–1, 0.50 ms–1, 1.0 ms–1,
1.5 ms–1, and 2.0 ms–1 which cor re spond to the ven ti la -
tion rate of 13 h–1 to 266 h–1 in case of nor mal and  tur -
bu lent  air  flow for test dwell ing of vol ume 30.9 m3 and
ven ti la tion area 1 m2.  Six cases were setup cor re spond -
ing to the dif fer ent air ve loc ity in CFD model for the
sim u la tion pur pose. The dis tri bu tion pat terns of in door
thoron are shown by the con tour plots in XY- plane at Z
= 1.22 m (fig. 2). The ob served re sults from CFD sim u -
la tion in di cate that the dis tri bu tion pat tern of in door
thoron gas got strongly af fected by the ve loc ity rate of
air at the door. Due to the in crease in the tur bu lence the
thoron gas moves to ward the cen ter of room. For lower
in let air ve loc ity the dis tri bu tion pat tern was non-ho -
mog e nous and tends to be ho mog e nous for higher air
flow rate.  It was also ob served that the dis tri bu tion of
thoron gas be came in de pend ent to the flow rate at
higher side.

Con sider the case of closed room con di tion, the
in let air ve loc ity takes the value of 0.01 ms–1 that cor re -
sponds to poor ven ti la tion rate. The dis tri bu tion of
thoron at dif fer ent point of the plane at Z = 1.22 m is
non-ho mog e nous as dis cussed in ear lier stud ies [14].
Due to the in crease in the tur bu lence the thoron gas
moves to ward the cen ter of room. For lower in let air ve -
loc ity the dis tri bu tion pat tern was non-ho mog e nous
and tends to be ho mog e nous for higher rate of air flow. 
It was also ob served that the dis tri bu tion of thoron gas
be comes in de pend ent to the flow rate at higher side.
The mi gra tion length is an other pa ram e ter that can be
used to study the thoron dis tri bu tion in dwell ings and
was de fined as the max i mum dis tance from the source
trav elled by thoron be fore its de cay to its daugh ter prod -
uct.  While the dif fu sion length is de fined as the dis -
tance from wall at which the thoron con cen tra tion be -
comes 1/e times its value at that on the wall sur face. The
thoron pro duced from the wall can move to wards the
cen ter only with re coil en ergy and fol low a mi gra tion 
length of few cm. As in let ve loc ity in creases to 0.1 ms–1, 
the in ter mix ing of thoron and mi gra tion length in -
creases as shown in fig. 2(a). With in crease in the in let

air ve loc ity up  to  (a)  0.10 ms–1,  (b)  0.25 ms–1, (c) 0.50
ms–1, (d) 1.0 ms–1, (e) 1.5 ms–1, and (f)  2.0 ms–1, the mi -
gra tion length in creased to 5, 13, 28, 55, and 110 cm
from the wall while the ob served val ues of dif fu sion
length (L) were 14.8, 22.3, 23.5, and 27.6 cm for first
four in let ve loc i ties. 

Thoron con cen tra tion and dif fu sion
length pro file

Thoron dis tri bu tion pat tern in in door en vi ron -
ment is non-ho mog e nous un der the closed room con -
di tion with poor ven ti la tion [15, 16]. Af ter re leas ing
from room sur faces thoron gets dis trib uted in in door
en vi ron ment along with spon ta ne ous de cay. The
knowl edge of vari a tion in thoron con cen tra tion level
with re spect to dis tance from the source wall is use ful
to es ti mate the re ceiv ing dose due to thoron and im me -
di ate al pha emit ting de cay prod uct (212Po with
half-life 150 µs). With in crease in the in let air ve loc ity,
thoron mi gra tion length and hence thoron con cen tra -
tion con tin u ously in creases to wards the cen ter of room 
due to tur bu lence ef fect. The in door thoron con cen tra -
tion pre dicted by the CFD mod el ing as a func tion of
in let ve loc ity and dis tance from the wall with out door
is shown in fig. 3. From the re sults shown in fig. 3 the
non-uni for mity in the thoron lev els tends to de crease
as the flow rate of air in creases. 

The vari a tion in the ra don mi gra tion length un -
der dif fer ent air flow rate is shown in fig. 4. The same
ex po nen tial pat tern but higher rate of tran sit of thoron
gas at higher air flow rate was ob served. The de crease
in gap be tween con sec u tive de cay pro files in di cated
that ho mog e nous dis tri bu tion was achieved due to the
in crease in air cir cu la tion. 

Thoron has very short dif fu sion length in the
steady en vi ron ment and in un dis turbed air it is about 2.9 
cm in the ab sence of advection flow [17]. How ever, it
will change when the mass trans fer takes place due to
con vec tive trans port mech a nisms other than mo lec u lar
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Fig ure 3. Dis tri bu tion of thoron con cen tra tion with in let
air ve loc ity and dis tance from wall [Bqm–3]



dif fu sion. The thoron dif fu sion co ef fi cient was found to 
be 5.4 cm–2s–1 from mea sure ment re sults in other study
[4]. The cor re spond ing dif fu sion length is about 20 cm
in the room air.  In the pres ent study dif fu sion length of
thoron was es ti mated from ex po nen tial fit ting of thoron
con cen tra tion de cay pro file from the wall with re spect
to dis tance. For the dif fer ent in let air ve loc ity rates the
ob served val ues of dif fu sion length (L) were 14.8 ± 2.4
cm, 22.3 ± 6.4 cm, 23.5 ± 9.0 cm, and 27.6 ± 7.0 cm,
shown in fig. 5. The un cer tainty in the mea sure ment
also in creases with in crease in air ve loc ity caus ing more 
com plex ity in the mea sure ment of in door thoron un der
tur bu lent con di tion.

The cor re spond ing dif fu sion co ef fi cients (D)
were cal cu lated us ing eq.

L
D

=
l

where l is thoron de cay con stant. The cor re spond ing
val ues of dif fu sion co ef fi cients were found to be 2.8 ±
±.0.1 cm–2s–1, 6.3 ± 0.5 cm–2s–1, 6.9 ± 0.03 cm–2s–1, and
9.6 ± 0.6 cm–2s–1. Thus, from pres ent CFD based mod el -
ing we say that dif fu sion length and co ef fi cients for the

in door thoron were found to in crease with in creas ing air 
ve loc ity. Based on the above dis cus sion it may be no -
ticed that for the mea sure ment of in door thoron in
dwell ings un der dif fer ent ra dio ac tiv ity map ping pro -
gram of var i ous coun tries [18], the do sim e ter was de -
ployed at the cen ter of the dwell ings. But un der nor mal
con di tions the thoron dis tri bu tion is non-uni form, thus
the mea sure ment re sults may not be treated as the ac -
tual. In or der to find ac tual value, 4 to 5 do sim e ters must
be de ployed in dwell ing and av er age of the re sults from
these can be con sid ered as close to the ac tual.

CON CLU SIONS

The im pact of air ve loc ity rate on dis tri bu tion
pat tern, con cen tra tion level and dif fu sion length of
thoron gas in liv ing en vi ron ment are stud ied us ing
3-D-CFD mod el ing.  Fol low ing con clud ing points are
drawn based on ob ser va tions from the pres ent study:
– The in crease in in let air ve loc ity rate has sig nif i -

cant im pact on the dis tri bu tion pat tern of thoron
gas. Thoron dis per sion ap proaches to ho mog e -
nous as the ve loc ity of air in creases at the door (in -
let) and be came in de pend ent of flow rate.

– The thoron de cays ex po nen tially with dis tance
from the source even for high rate of air flow in -
side the room. The in crease in ve loc ity rate leads
to the thoron con cen tra tion from a wall to the cen -
ter of room re sult ing in ho mog e nous dis tri bu tion.

– The dif fu sion length of thoron was found to vary
from 15 cm to 28 cm and thoron dif fu sion co ef fi -
cient also var ied in a sim i lar way cor re spond ing to
dif fer ent in let air ve loc i ties.
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RASPODELA  KONCENTRACIJE  TORONA  U  STAMBENIM  PROSTORIMA
ODRE\ENA  PRIMENOM  KOMPJUTERIZOVANE  DINAMIKE  FLUIDA  PRI

NORMALNIM  I  TURBULENTNIM  USLOVIMA  PROTOKA

U posledwe tri decenije obavqen je opse`an rad na merewima nivoa koncentracija
radona i torona u zatvorenim `ivotnim sredinama. Ove studije imaju va`nu ulogu sa stanovi{ta
za{tite od zra~ewa, uzimaju}i u obzir doprinos radona, torona i wihovih potomaka ukupnoj dozi od 
inhalacije. Brojne studije merewa radona, dobro su opisale na~in wegovog rasprostirawa u
stambenim prostorima. Me|utim, kratko vreme `ivota torona ote`ava razumevawe prostorne
raspodele torona. Prob lem postaje kompleksniji kada se rasprostirawe torona posmatra pri
razli~itim brzinama protoka ulaznog vazduha. Razli~iti na~ini protoka vazduha mogu izazvati
razli~ite nivoe koncentracije torona na razli~itim pozicijama unutar testiranih stambenih
prostora, {to mo`e doprineti mernoj nesigurnosti. U ovom radu upotrebqena je kompjuterizovana
dinamika fluida ‡ tehnika simulacije za izu~avawe disperzije torona u zatvorenim stambenim
prostorima pri normalnim i turbulentim protocima vazduha. Simulacije raspodele torona
obavqene su za brzine strujawa vazduha od 0.10 ms–1, 0.25 ms–1, 0.50 ms–1, 1.0 ms–1, 1.5 ms–1 i 2.0 ms–1.
Rezultati pokazuju da raspodela torona postaje uniformna za ulazne brzine ve}e od 0.5 ms–1 i da je
odgovaraju}a za merewe koncentracije torona u zatvorenim prostorima, dok u normalnim uslovima
izmereni nivo torona zavisi od lokacije dozimetra. Difuziona i migraciona du`ina torona
tako|e rastu sa pove}awem brzine protoka vazduha.

Kqu~ne re~i: toron u zatvorenoj prostoriji, difuziona du`ina torona, raspodela vazduha u
...........................zatvorenoj prostoriji, kompjuterizovana dinamika fluida


