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Recently, the stable operation of the upward thermal diffusion cloud chamber with respect to
buoyancy-induced convection has become a concern in obtaining reliable nucleation data. During
chamber operation, evidence of strong convective currents are clearly visible due to the curved
trajectories of entrained droplets. A potential problem exists when these flows are much smaller in
magnitude; there is no visible evidence of convection, yet these minute flows may result in
systematic errors in the nucleation data calculated via 1D diffusive models of the transport
mechanisms within the chamber. To examine whether such flows are possible and the characteristics
of these flows we have developed an extension to recent 2D modeling of the nucleation chamber
which includes buoyancy-induced, convective motion. We have examined both wet and dry
chamber operation with an example case of 1-propanol in helium at a pressure of 1.18 bar. In
addition, for the dry wall case we examined the effect of overheating the chamber wall and varying
the chamber diameter. Results indicate that, for the representative cases investigated, very subtle
convective flows can exist and that these minute flows can affect the maximum attainable
supersaturation along the chamber centerline. Finally, a list of general recommendations are given
for minimizing the possibility of such flows within the cloud chamber. 1®99 American Institute

of Physics[S0021-96069)51833-3

I. INTRODUCTION differences among these systems; small percentage differ-

The upard thermal cifusion coud chambanco  #1EES N SUBSISSUIANOn, o et orer-ofmagnite i

was first developed by Katz and Ostermeir and it has been a This d d ted . f
elegant tool in the quantitative study of the homogeneous IS dependence upon pressure promplted a series of ex-

nucleation processin the past few years this system has periments on the nucleation of materials at elevated

-10 . . . . .
been improved and expanded to allow studies of other typegressureé. These experiments indicated an increasing
of nucleation including photd-and ion-induced nucleatidn V&lue of S with total pressure or conversely a decrease in

and even the nucleation of high temperature, metallidlux with increasing pressure. The experimental results were
systemé. One of the most important advantages of the up-2/S0 dependent upon the type of background gas, namely the
ward thermal diffusion cloud chambé&FDCC) is that it is a SC_r vs total pressure variation was greater with helium than
steady-state device and experimental conditions can be vafith hydrogerﬁ
ied to change the nucleation rate. Also, because of its large 1his pressure dependence as well as the report of a de-
diameter to height@/H) ratio, experimental conditions can pendence of the nucleation flux upon the degree of heating of
be analyzed by solving one-dimensional equations for théhe chamber walls prompted Bertlesmann and Heist to de-
energy and mass transport occurring within the chamber. Velop a more detailed model of the energy and mass trans-
In the early years of its development, the cloud chambepPort processes within the TDCC. The authors developed a
was used to measure the critical supersaturatip, the two-dimensional analog of the 1D model, thereby incorpo-
supersaturation when the nucleation flux was neafating the influence of the walls into their analySis.
1cm3s L. There has been favorable agreement between Bertelsmann and Heist examined the effect of wet and
data collected using the TDCC and the more traditional adiadry operation(including overheating of the chamber wa)ls
batic expansion cloud chambers and supersonic nozzles fghe D/H ratio, and the effect of background gases with
numerous organic substancdsater in the 1980’s when both 1-propanol. The authors found that the effect of the walls can
the nucleation rate as well as the supersaturation were metfluence the centerline results if th®'H ratio is not large
sured, the diffusion cloud chamber data suggested a depe@nough. Therefore it is important to consider this ratio in the
dence upon carrier gas pressure that was not seen in expatesign of a chamber and they found that this ratio should be
sion chambers/nozzle experimefSince the nucleation rate greater than 5 forS,, nucleation measurements and even
is extremely sensitive to the temperature and supersaturatiotarger for accurate flux measurements. Whether the TDCC is
the condensation flux is a much more sensitive indicator obperated in wet/dry mode did not seem to matter as long as
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Upper Plate but in recent years Heist has developed a high pressure cloud
chamberHPCO that can be operated at elevated pressires.
I During operation, the temperatures of the two plates are
I adjusted such that the lower plate is warmer than the upper
I plate. Vapor leaving the lower pool migrates toward the
E H cooler, upper plate where it condenses and forms a thin film

Centerline Sidewall _ .

g on the upper plate. If the vapor in the chamber is sufficiently
l z Lower Plate supersaturated, isolated droplets can form which fall into the
L,, l pool of liquid on the lower plate, thus providing a continuous
| | T system.
r % g Until recently, the TDCC has only been operated in the

dry wall mode. In dry wall operation, the chamber sidewalls
are heated just enough to prevent condensation on the walls
and this configuration has the advantage that it allows a
clearer view of the inside of the chamber. Because of con-
the chamber walls are not greatly overheated. In addition, igerns of possible influences on the data due to heating of the
accordance with experimental observations, their results inwalls, Heistet al. have recently started collecting data under
dicated that the nucleation plane moved towards the uppétet mode operatiofi:*®In this configuration, chamber side-
plate with an increase in the pressure or density of the backwalls are not heated and the condensing vapors are allowed
ground gas. Unfortunately, the modeling indicated that eve0 condense and “wet” the chamber sidewalls.
excessive overheating was not able to account for the influ- By solving the equations governing the energy and mass
ence of wall heating upon the nucleation flux which is ex-transport within the chamber, it is possible to calculate the
perimentally observed. conditions under which the material condenses. This analysis
Bertelsmann and Heist noted that the stability of the vais simplified by making the chamber diameter to height
por mixture with respect to buoyant convection is one of the(D/H) ratio so large that wall effects can safely be ignored
most important issues facing operation of the TDCC. In ar@nd the system can be modeled as a 1D system.
accompanying paper, they deve|oped an equation to predict In this work we will examine the same baseline case as
the onset of convection within the chamBér. studied by Bertelsmann and Heist, namely, 1-propanol in
The work of Bertelsmann and Heist expanded the typicahelium at 1.18 bar with lower and upper temperatures of
1D solution to two dimensions, thereby shedding some in302.9 and 256.6 K, respectively. This will facilitate direct
sight into the influence of the walls on TDCC operation. comparisons with their work. Bertelsmann and Heist's ex-
Unfortunately the model did not include convective effectsperimental data for this system were collected using the
and these can have a profound effect above and beyond thosCC and the wet wall configuration. They report that the
noted for the diffusive ones. The goal of this work is to inside diameter of this chamber is 10.38 cm and, after ac-
extend their work to include buoyant convection and detercounting for the height of the liquid pool, have B/H
mine its influence upon the temperature and maximum at= 757 These dimensions will be used in this work for the
tainable supersaturation within the chamber. Such modelingize of the chamber. The nucleation chamber is assumed to
is important since there is currently some controversy as t®e oriented such that the gravitational acceleration is exactly
whether the nucleation dependence upon pressure i§ reanormal to the chamber’s upper and lower plates. Therefore
(and not included in the classical nucleation developiment the chamber can be modeled in two dimensions only.
due to non-ideal gas effeéfsor due to wall’hydrodynamic
effects. In this work we will examine several representative
cases to determine the kind of flows and influences that arB. Governing equations

possible. Because of the complexity of the geometry and |t 5 assumed that the condensation flux is low and hence

equations, the g_oal is not to _replace the typical 1D mOdelingsignificant condensation effects can be ignofieel, heat of
but perhaps gain some insight on what should be done tgondensation, multiphase flowiThe governing equations for

FIG. 1. Cross-sectional diagram of a typical upward thermal diffusion cloud
chamber.

keep such simplification valid. this binary system of condensible vapar,and background,
carrier gasp, are
II. MODELING OF THE CLOUD CHAMBER continuity equation:
A. Chamber description 1d(rpu) d(pv)
A simplified cross-sectional diagram of a typical TDCC rooor iz @)

is shown in Fig. 1. The chamber consists of upper and lower )
T . [ -momentum:
plates separated by an annulus. The inside diameter of these

plates is denoted bfp and the height of the annulus k. 1 d(puru) N d(pvu)

The bottom plate is covered with a thin pool of the liquid to, ~ ¢ 9z
be studied and the chamber volume is filled with a noncon-
densable, nonreacting carrier gas at a specified pressure. P |1 d(rry) T4 9T

e e e v @

These pressures are typically at or below ambient pressure, ar ror r Jz
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contributions in Egs(4) and(5). Further, if theD/H ratio is
extremely large, the equations reduce to the simple one-
dimensional form.

z-momentum:

E d(purv) N d(pvv)

roor Jz
P |10(r7,) d7yy @ C. Boundary conditions
e ——— — |+ g s
dz |r or oz | PP The boundary conditions for the governing equations are
. very nearly identical to those Bertelsmann and Heist used in
energy equation: their analysis of the cloud chamber; the biggest difference is
1 d(purC,T)  d(pvCyT) the need for additional boundary conditions for the momen-
T tum components.
19 aT a [ aT 1. Upper plate
i3l 32 i
ror Jgr) dz\ dz At the upper plate, the temperature is fixed while the

mole fractions of the vapor are given by the ratio of the
vapor pressure to the total chamber pressure. In typical
TDCC modeling it is customary to use mole fractions and
write the mass transport equations in terms of these mole
fractions. Because mass averaged velocities are needed for
the momentum equations, it is simpler to use mass fractions
throughout and the mole fraction boundary conditions are
converted to mass fractions. Hence it is useful to define the
function, W, , which indicates a conversion from mole frac-
tions to mass fractions for the binary mixture. Using this

conservation of species

1 d(purwy) n I(pVWa)
r ar Jz

= , ©)

S e B I S
ror\ 2 or gz\ ~3 4z

o o

equation of state:

o= P‘g_l\_Ni , (6)  nhewly defined function,
§ T="Tuppen (12
an
and
pP=patpp- (7 W PedT) 13
In these equations andz are radial and axial coordinatas, Wa=Wx Piotar |

andv are the radial and axial velocity componenis the
pressurey the stress tensow, the mass fraction of compo- —v=0
nenta, andT the temperature. The transport properties useéJ '

in these equations aye the density u, the viscosityk, the

thermal conductivity,C,, the heat capacity, anD,, the 2. Lower plate
binary diffusion coefficient. It is also assumed that the cou-
pling effects between the mass and temperature figli=t/
dufour effect$ are negligible.

Also, it assumed that there is no slip on the top plate so that

The boundary conditions for the lower plate are similar
to the upper plate, i.e.,

In terms of the velocity components the stress tensor 1= Tiower (14)
components are and
du 2(1 4 av PedT)
— 2. — — | = N 4+ — =
Tir '“[2 ar 3(r ar (ru) z) |’ ® Wa Piotal | (15
u 2/1 9 EY Unlike the upper plate, the bottom plate is covered with a
Too=— M| 2- —— —(— —(ru)+—||, (99 liquid pool of the condensible material/species so it is pos-
r 3\ror 0z . o : .
sible to have nonzero velocities at the interface. Since the
N 21 9 v liquid layer is very thin, it is assumed to first approximation
Tz7— —/J«{Z' 9z §(F a_r(ru + E) ) (10 that the velocity components at this interface are zero.
Ju  ov ;
T = Ta= | o + = (12) 3. Centerline

At the centerline there is neither radial heat nor mass

Two important simplifications of the above equationsflux; hence
should be noted. First, if the gravitational term is set to 0, 1 aw,
buoyancy effects are eliminated, Eq%)—(3) drop out and T ar =0. (16)
all velocity components are zerdor the boundary condi-
tions in this work. The temperature and mass fraction pro-Also, the radial velocity is zero at the centerline while the
files are still coupled, but only depend upon the diffusivegradient of the axial velocity is zero
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EY, TABLE I. Table of helium physical properties used in this work. Data are

u=—=0. a7 given for the thermal conductivity, (W/m K), viscosity, u, (cP), and heat
ar capacity,C,, (J/mole K).?
4. Sidewall Helium-Component b
The nuc'leatlo'n chamber can be opera.tgd in either the dry K(T)=1.570 322 102+ 6.750 200X 10" 4T
or wet configuration. Thg bou_ndar_y conditions for the tem_— —1.187 159% 10 6T2+ 1.644 647 10~ °T3
perature and mass fraction differ in both cases and are dis- —8.036 841k 10 1°T*
cussed below. In both cases the velocity components at the n(T)=3.593 8084 10™°+6.334 689810 'T

—3.409 905X 107 1°T?+1.242 106& 10 T3

wall are assumed to be zero.
Cy(T)=20.786

5. Dry operation ®Reference 15.

In the dry wall configuration the walls are heated to pre-
vent condensation, hence the supersaturation at every point oy
1 Mw;
along the wall must be<1.0. bi=—| 1+ i 1
This temperature will be denoted i, the tempera- ! Mw

N (ﬂ) 1/2( MWJ
V8 j pil A\ Mw;

ture needed to produce a supersaturation of 1.0. Hence, :
andn is the number of components. An analogous expres-

1/4} 2

(23

T=Teq (18  sion is used for the thermal conductivity of the vapor/gas
and mixture'®
n
P9q(T) k.= X'—k' (24)
Wa—Wx{ P | (19 mix ;1 2?:1Xj i .

_ _ In this equation the same expression #is used as for the
6. Sidewall —wet operation viscosity, i.e., Eq.(23) and the pure component viscosities
During wet operation of the TDCC, the chamber side-are determined from the expressions given in Ref. 7 and
walls are not heated and the condensing vapors are allowekable I.
to wet the chamber sidewalls. It is assumed that the vapor
pressure of the condensing vapor is in equilibrium with theE_ Solution method
liquid at the sidewall temperaturg&, or
PedT) The governing equations are solved numerically using
© ] (20) finite differences and the semi-implicit method for pressure
Piotal linked equationgSIMPLER) technique. This technique has

Unfortunately, the sidewall temperature itself is more diffi- been thoroughly discussed in the literature and will not be
cult to prescribe. The temperature at the chamber sidewafliscussed in detail heré.Briefly, the SIMPLER technique

will depend on a variety of factors including condensationalemploys a staggered grid where pressure and temperature
heating and convective losses to or gains from the ambienfiodes are placed at the center of control volumes and the
For now, we adopt the same boundary condition as Bertelseelocity components are positioned at the faces of these vol-

WaIWX{

mann and Heist, namely, umes. In this work the resulting discretized equations are
solved on a 6860 grid using a line method and iterations

ﬂzo (21) are continued until convergence. Convergence is defined by
oar ’ two criteria: first, the continuity requirement is satisfied

but we shall discuss the appropriateness of this boundar@Withi” a specified limix for every cell in the computational
condition later in the results section. domain, and second, the global energy balance for the sys-

tem (heat flux in=heat flux out must agree to within

_ ] 0.005%.
D. Physical properties

Physical properties for 1-propanol, including the vapor
pressure and binary diffusion coefficient for the helium—
propanol system, are taken from the expressions used 4. Dry wall boundary condition

Heistet al.” Helium physical properties are taken from pub- As stated earlier, during dry wall operation the chamber

lished fits to experimental data and these fits are listed "valls are heated such that the supersaturation at the wall is
Table |. . . ) <1.0. The condition wher&=1.0 at all points along the
To calculate Fhe y|3003|ty of the 1-propanol/He MIXLUre, gigewall represents an ideal case where the walls are heated
the method of Wilke is used just enough to prevent condensation; in actual operation, the
n Xi i wall will almost certainly be hotter than this case.
Mmix:Z [m : (22 Figure 2 is a collection of contour plots from a simula-
=1 L= 9 tion of the dry wall chamber operation for 1-propanol in
where helium at 1.18 bar. This case is identical to that of the base-

Ill. RESULTS
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FIG. 2. Contour plots for the critically heated, dry wall operation TDCC for 1-propanol in helium at 1.18 bar. Plots shown abi@yé¢ean@erature(b)
streamfunction(c) r-component of velocity ), (d) z-component of velocity\), (e) mass fraction of 1-propanol, ar{f) supersaturation.

line case used by Bertelsmann and Heist and will also be The mass fraction profile is layered with no gradient at
used as a baseline case in this work for direct comparisorihe wall as dictated by the boundary conditions. The concen-
The contour plots consists df) temperature(b) stream tration at the sidewall is slightly higher than would be given
function, (c) r-component velocity ), (d) z-component ve- by diffusion alone. The strong upward flow at the sidewall
locity (v), (e) mass fraction of 1-propanol, arif) the super- tends to pull the lines of constant mass fraction away from
saturation profile. the lower plate and bunch them slightly at the top plate.
Throughout most of the chamber the isotherms are flat  Figure Zf) shows the result of the convective flow on
and layered, but at the sidewall there is a steep gradient ithe predicted supersaturation profile. In the model, convec-
the temperature field. This gradient induces a single convedive flows can be conveniently eliminated by setting the
tive cell as shown in the streamline plot of Figb There is  gravitational level to zero. Therefore, the changes due to
a steep gradient in the streamlines at the sidewall with @onvective effects can clearly be seen by setting the gravita-
much shallower gradient towards the centerline. These argonal levels to 0 and 1 and comparing the results. For the 0
indicative of a strong upward flow extremely close to thecase the maximum attainable supersaturation is 3.224. With
sidewall with a slower, but farther reaching downward flow. the convective flows, this maximum is reduced to 3.168—a
These same observations are shown in a different form in thslight, ~2% reduction.
individual momentum components. FigurédR shows the The radial velocity componenty, is very nearly zero
extremely sharp, strong upward flow clinging to the sidewallalong the centerline. Therefore, flow in this region is domi-
balanced by a much wider and slower downward flow alonghated by the broad, downward axial velocity component,
the centerline. It is possible that visual evidence of such a flow would be
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FIG. 3. Contour plots for the wet wall operation TDCC for 1-propanol in helium at 1.18 bar. Plots shown abdaeteneperature(b) streamfunction(c)
r-component of velocity ), (d) z-component of velocity (), (e) mass fraction of 1-propanol, arfit) supersaturation.

difficult to find in an experiment. The flow along the center- were zero, the isotherms would be perfectly flat, and in effect
line is very weak and nearly “plug-like,” i.e., the radial plane-parallel. Because the upward flow increases the trans-
variation of thev-velocity is very slight. Therefore, the path port of propanol along the sidewall, the concentration of pro-
of any entrained drops along the centerline would tend to bgang is just slightly elevated. In order to satisfy the condi-
fairly straight and the drops would seem to be falling. tion that S=1.0 at the wall, the temperatures are slightly

It is not difficult to envision agreement between the rov_v elevated along the sidewall.

fields given in Fig. 2 and what is typically observed experi- S . . . .

mentally with heated side wall operation. During stable dry Buoyant.convectmn |s.dr|ven by d!ﬂgrences n denS|-ty
wall operation, the droplets that form in the center of theand convective currents will work to eliminate such density
chamber fall downward in a straight path to the liquid pootdifférences. In the dry wall case, differences in density in-
below. There is however a small region close to the chambeiuced by the temperature field caused a slight distortion in

walls where there is no nucleatiof. the concentration profile along the wall. In a similar fashion,
for the wet wall case, differences in density caused by the
B. Wet wall boundary condition concentration gradient cause a slight distortion in the tem-

Figure 3 is a collection of contour plots for the wet wall peraTtEre field. £ the flow in thi ¢ wall .
case. In this case, there is a minimum disturbance to the € appearance of the Tlow In this wet wall case IS ex-

temperature field and a maximum disturbance to the concedemely similar to the dry wall case, but the magnitude of the
tration profile. In Fig. 8a), the isotherms are fairly flat with flow is stronger. There is still strong flow very close to the
some distortion towards the lower sidewall. If the velocitiessidewall balanced by a broader, slower flow along the cen-
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terline. The downward flow in this case extends a bit farther 1.000 ‘IIQ:‘E—Q— — i—n—a—
toward the centerline. L T AT A —A— A A
The lines of constant mass fraction of propanol are not L i
as flat as in the dry wall case and the maximum attainable L —O— oOM7s A
supersaturation is-5% lower than the value calculated with 0.980 _O\ —A— DH-10 |
no convection. Also because the mass fraction profile is not L O\ —O— DH=15
as flat as in the dry wall case, the region of maximum super- %) L O, i
saturation for the wet wall case does not extend as close to L \o _
the walls as in the dry wall case. 0.960 \o _
For wet wall operation the temperature boundary condi- L \o .
tion, dT/9r=0, is probably the most debatable boundary L \o _
condition used in this work. It implies that the chamber walls L \o‘
are perfectly insulating and that no heat is lost to or gained Lo b o Lo v Lo
from the ambient environment. Although losses/gains from 00 100 200 800
the sidewalls may be low, it is unlikely that the sidewalls are ATpwerncar (K)

perfect insulators. The actual temperature profile along the _ _ _
FIG. 4. Effect of chamber overheating on reduced supersaturation ratio.

chamber siqlewall will depend upon vapor C_ondensation efF%esults are shown for aspect ratios BfH=15, D/H=10, andD/H

fects, the thickness and conductivity of the sidewall, the am—7 5

bient temperature, etc. Therefore it is important to consider

these possible changes in the temperature field at the side

wall when there are large temperature differences betweeifie caseD/H=7.5, there is a more significant reduction in

the chamber side walls and the ambient. the reduced supersaturation with increasing heating. As
shown earlier, there is an approximately 2% reduction in the
maximum attainable supersaturation even at the critically

C. Effect of wall heating heatedi.e., AT ermear 0) Case. As the degree of overheating

To examine the effect of chamber sidewall overhe.’:lting,IS increased there sa correspopdlng decrease n the maxi-
um supersaturation. At the highest overheating investi-

Bertelsmann and Heist used a complex overheating functioll! . .
which was able to simulate the effects of multiple heatinggated'ATO"erhea‘: 35K, there is nearly a 6% decrease in the

wires and various degrees of overheating. Since their resul aximum supers_aturat_mn over what would be calculated by
showed that perturbations due to multiple heating zone e typical one-dimensional model. Although these are very
tended to be confined to regions extremely close to thélight reductions in the supersaturation, the resulting changes

chamber sidewall, we decided to use a similar, yet simple|n the flux should be much more significant,

overheating function than Bertelsmann and Heist, namely, T_hese results m_dlcate that buoygnt convection is a likely
culprit for the experimental observation of a flux dependence
2772)

T=T +AT . on wall heating. In thé&®/H =7.5 case of Fig4 a lowering of
e overheaSIMN |~ |- supersaturation with an increase in wall heating would result

This function is intended to simulate the effect of inal in a lower flux. It should be noted that specification that
IS Tunction1s Intended to simulate e etiect ot a SINGen 1y 1 g pot general and that the results in Fig. 4 are for

heating zone. At the top and bottom of the chamber sidewallgl specific casél-propanol in Hg under certain conditions;

tmher(ien:smno dc#;stlrjrganci tt?Nthen s;ﬂewa::titerﬂpe;]atU{ eéi bvl\Jlt ltlhﬁ)r other substances or chamber configurations, the resulting
aximu erence betwee € critically heate alSconvective flows may be much smaller or larger.

(Teg is given byA T emea@nd occurs at the midpoint of the
chamber.

Figure 4 is a plot of the reduced supersaturation as
function of degree of overheat for three different chamber  Unlike the one- and two-dimensional conduction solu-
D/H ratios. The reduced supersaturation is defined here aons used previously, for a given aspect ratio, it is possible
the ratio of the maximum attainable supersaturation to thdor the temperature and supersaturation profiles to depend
maximum attainable supersaturation calculated via settingpon chamber size. A clarification of this statement will be
the gravitational level to zero. Again, since the same physicajiven in a later section. To examine the magnitude of this
properties are used in each cage=(0,1), the effects due to effect we have maintained the aspect ratio at 7.5 as a baseline
convection alone can clearly be seen. It has also been vergase and varied the chamber diameter from 1 to 40 cm. Re-
fied that the maximum attainable supersaturation calculatesults are shown in Fig. 5 along with similar results for aspect
by setting the gravitational level to zero is also equal to theatios of 10 and 15.
answer obtained by a one-dimensional solution of the equa- As shown in Fig. 5, the reduced supersaturations for all
tions for the baseline case. The data given in Fig. 4 are basexbpect ratios converge to 1.0 for very small chamber sizes.
on a chamber diameter of 10.38 cm abdH ratios of 7.5, As the chamber volume is reduced, viscous drag with the
10, and 15. FoD/H=10 and 15, the reduced supersatura-chamber boundaries dominates and the flow field solutions
tion is very nearly 1.0 even for considerable overheatingapproach the 2D, diffusive case.

There is a slight, noticeable decrease in this reduced super- As the chamber diameter is increased, convective flows
saturation with heating for th®/H=10 case, though. For cause a drop in the maximum attainable supersaturation and

(29

5). Effect of chamber size
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1000 fendah—o—a " T T p=potpoB(T-To)+: -, 27
i Q O ] . . - : ,
i \ A \ 1 where B is the thermal expansion coefficient and is defined
0.980 |- Q \A o] as
i \ ] 8 1 dp (28)
. 0960 |- % " 5 o dT |, .
o i \ \ ] 0'Wa,
0.940 |- o A Under the Boussineq approximation, the governing equations
i i can be written in non-dimensional form and for a given set of
F —O— DH75 . boundary conditions and aspect ratio, are governed by the
0920 A om0 © 7 Rayleigh number
I —O— DmH=15 \ -
el oo by e by e by YT gBATDspch
0.0 10.0 20.0 30.0 40.0 Ra= Tk (29

Chamber Diameter (cm) which represents the ratio of the destabilizing buoyancy

FIG. 5. Effect of chamber size on maximum supersaturation ratio. Resultforces to the retarding, viscous forces. The Rayleigh number

are shown for aspect ratios BffH =15, D/H=10, andD/H=7.5. in Eq. (29) is written for buoyancy effects arising from ther-
mal variations and involves a characteristic temperature dif-
ference AT=(Tiower— Tupped- FOr an ideal gas, the terng,

the effect is more pronounced for the lower aspect ratids simply equal to I¥. If the other density terms are ex-

chambers. These results are computed for the criticallpanded using the ideal gas equation for the vapor—gas mix-

heated case; if the chamber is overheated siginificantly, thitire the Rayleigh number becomes

heating may cause a further depression in the maximum su- 352n 2

. : o gATD P°M;C,
persaturation. Again, these results are for specific cases, but Rg=————"— (30)
they clearly indicate that smaller chamber volumes and pkRT

higher chamber aspect ratios are preferable. As Ra increases, buoyancy-induced convection increases.

Examination of this term highlights some recommendations
noted by other researchers on the stable operation of thermal
diffusion cloud chambers. Namely, convection will be mini-

The previous cases provided a glimpse of the effect ofmized for higher thermal conductivity, lower molecular
some parameters on the operation of the TDCC. In the casgeight gases, and higher absolute temperatures. One point
of a heated wall, as the convection increases it reduces thet noticed to date is that, for a given aspect ratio, lower
maximum attainable supersaturation within the nucleatioroverall chamber volumesas given by the characteristic
chamber. length, D) will result in lower values of convective distur-

It is possible to provide some general recommendationbances.
on minimizing convection within the chamber by looking at
a simplification of the governing equations used in this work.)y. CONCLUSIONS
An important simplification often used in problems involving
free convection is the Boussinesq approximation. This ap- We have developed a model of the energy and mass
proximation is valid for systems in which density differencestransport operations within a thermal diffusion cloud cham-
are small. For a full description of the approximation and theP€" Which includes buoyancy-induced convective transport.
conditions under which it is valid see Ref. 19. Under this"We have used this model to study the wet and dry operation
approximation all physical properties, including density, are®f @n example case of 1-propanol in helium. For dry chamber
taken to be constant except for the body force tesg, in ~ OPeration, previous modgls were unable to show that wgll
the momentum equations. In this case, the density is rewritteating of the thermal diffusion cloud chambgr resulted in
ten as a linear function of temperatufend/or concentra- depa_lrtures from the 1D .result_s, even for pon3|derable over-
tion). The TDCC is typically operated with heated walls and heating. In contrast, by including _convectlvg effects we are
the density differences driving any buoyant flows are cause@Pl€ t© show that there can be differences in the calculated
by the temperature gradient at the wall. Therefore, for thenaximum supersaturatlon even for critical wall heating. In
purposes of illustration, consider only density changes due tHiS representative case, a subtle downward flow along the
temperature changes—a similar argument also holds fgpenterline results in a decreasing maximum supersaturation

concentration-induced density changes. Casting the densityith increasing wall heat. o
into a linear function of the temperature gives Unfortunately, as models tend to become more realistic,

they often become less general and the model developed in
this work has only been applied to one specific case. It is
important to stress that even though heating of the walls
resulted in a decreased maximum supersaturation, this is not
where the subscript 0, represents a reference condition. Thaésgeneral statement that all wall heating will result in errors
equation can be rewritten as in supersaturation measurements. Whether or not significant

E. General recommendations

(T-To)+---,

2y

ot 2P 26
p=pot ot (26)
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