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Mass transfer of supersaturated contaminants in
cryogenic helium heat exchangers
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Abstract—A new expenmental technique is developed 10 mensure the distribution of frost accumulated
inside the passage of a cryopenic helium heat exchanger. The (rost 1s accumulated by condensation of a
contaminant on the passage wall during steady-flow operation of the balanced counterflow heat exchanger.
The distribution is measured by fushing the accumulated contaminant imo a detector at the exit of the
passage. A heat source is moved from the cobd to the warm end to convert the spatial distribution of the
contaminant to concentration as a function of time in the exiung helium stream. When the degree of
supersaturntion is small. the dccumulation distribution agrees reasonably well with the analytical solution
without snow [ormation. As the supersaturation mcreases, # clear secondary peak in the distribution is
observed, which results from the formation of snow in the free stream and its subsequent deposition as
frost on the wall, Based on the resulis. an onset condition 15 developed for the formation of snow of a
supersaturated contaminant in helium.

1. INTRODUCTION

Frost formation of contaminants in helium 1s fre-
quently encountered in cold heat exchange apparatus.
A typical example s the freeze-out process used for
helium purification [1, 2]. Most impurity gas is
removed from the stream by sohdification as a frost
an the cold wall when the mixture is cooled below the
frost temperaturc. A similar process occurs in the
operation of a cryogenic relrigeration or liguefaction
system the working fAluid of which has a certain level
of impurity. Accomulated solid contaminants inside
the system reduce the efficiency and results in sched-
uled or unscheduled stoppage aller a pertod of oper-
ation. Another example of [rost formation of minor
gases in helium is the rapping of components sep-
arated by a gas chromatography column [3]. The
helium carrying the separated components is intro-
duced into a cold heat exchanger to freeze-oul the
component for further analysis.

This experimental study investigates the mass trans-
fer charactenistics of 4 contaminant in helium fAowing
inside a round tube, which is one passage of a balanced
counterflow heat exchanger with a eonstant axial tem-
perature gradient. When helium containing a very
small lraction (of the order of 100 ppm or less) of
a contaminant, flows in the direetion of decreasing
temperature, i reaches the frost temperature of the
contaminant at the point where the partial pressure of
the contaminant equals its saturation pressure. From
this point {x = 0), the contaminant starts 1o frost as
solid on the wall as shown in Fig. 1{a), simce the
wall temperature is lower thian the gas lemperature as
shown in Fig. 1ib), The local concentration is radially
uniform at the frost staring point. As the con-

taminant is accumulated on the wall as frost, the con-
centration of contaminant near the wall is smaller
than that near the center of the wbe, which results in
# net mass transfer of contarmnant to the wall by
molecular difusion. The amount of mass transfer 1o
the wall increases along the axis at the beginning, but
decreases as the concentration profile gets fully
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Fici. 1. Wall accumulation of contaminant in fully developed

laminar fAow through o round tobe: (0] schemate of wall

sccumulation (x =0 at frost point); (b) linear axial (em-

perature distnibunon: fc) typical distnbution of wall accu-
mulation per umt length wathout snow.
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NOMENCLATURE |
A cross-sectional area of tube, ar; R, nth eigenfunction of the Graetz solution
u, nth cocflicient in series solution r radial coordinate
I concentration of contaminant [kgm | Fu tube radins
o, specific heat al constant pressure Re Reynolds number, w4 'v
& saturalion concentration of contaminant S Schmidi number. v/
To inlet concentration of contuminant T lemperature
b mass diffusivity of contaminant in helium ! Lime
[m¥s '] . axial mean velocity
d tube diameter Fi heater speed
D55 degree of supersaturation, defined by ¥ axial coordinate, ¥ = 0at frost point.

equation (7) [dimensionless]
I, latent heat of sublimation
detector length in Fig 4
L, testlengthin Fig. 4
Le Lewis number, @/

i mass transfer rate [kgs™ ')
P partial pressure of contaminant
. saluration pressure of contamingnt
P todal pressure of mixture
i heat transfer rate [k'W]
R gas constant of contaminant
[kl kg "K1]

Greek symbals
z thermal diffusivity

" dummy variable
i, sth eigenvilue of the Graetz equation
v kKinematic viscosily
£ dummy variahle
n' snow deposition width.
Subscript
W tube wall.

developed because the saturated concentration de-
creases slowly as temperature decreases. A typical
axial distribution of wall accumulation is shown in
Fig. lg).

The above description is true when the contaminan
condenses only at the tube wall. Since the Lewis num-
ber (x/ ) of every common contaminant in helium is
greater than umity (2.5-3.0 at standard conditions).
the heat transfer through helium is relauvely laster
than the mass transfer of the contaminant to the wall
for faminar flow conditions. Thus, for some regon
neir the wall, the local partial pressure of the con-
taminant is greater than the saturation pressure cor-
responding o the local wemperature as sketched n
Fig. 2 so that supersaturation of the contaminant
always occurs, This implies o possibility of nucleation

p=clnr) R T{xo)= partial pressurn:
P,=p, [T{x.0)] = saturstion pressure

Fig. 2. Sketch for relanive prafile of contaminant partial
pressure Lo its saturation pressure in fully developed super-
saturited flow

1o form snow at o distance from the wall. OF special
interest in this study 1s an expenmental venfication ol
the onset of snow formation in the laminar (ree
stream. To simplify the analvsis of the supersaturated
mass transfer, it 15 assumed that the mass transler of
the comtaminant s uncoupled from the momentum
and heat trunsfer of helium. This s valid when the
maole fraction of the contamimant is very low and the
thickness of wall sccumulation is small compared with
the tube diameter,

The possibility of the formation of solid particles
in @ lnminar free stream due (o supersaturation was
discussed carlier by Bailey [2] in a paper on the freere-
oul purification al 4 gas. Snow formation criteria were
gualitatively treated for the flow of an air-water
vipoar mixture by Chen [4]. As far as the authors are
aware, the formation of snow from a supersaturated
minor gas has not been clearly verified previously.
One of the reasons is that supersaluralion is not so
significant in the cooling of humid air flow below its
frost temperature (for example. refs. [4-6]). Another
reason is that the wypical experimental methods of
visual observation for solid formation [5. 7. 8] are not
suitable for the conditons ol this investgation. A
recent analyvtical study by the authors gave an exact
solution for the distribution of wall accumulation in
the case of no snow formation, and showed that the
onsct of snow could be predicted by the degree of
supersaturation (9],

A crucial quaniny in the problem s the spaual
distnbution of contaminant accumulation on the wbe
wall. The basic idea of the method 1o detect the dis-
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Fig. 3. Sehematic of experimental detection techmgue 1or spatal distnbution of wall accumulaton | qa)
praopagation of sharp temperatore wave from the cold end | (by monitoning of concentration wath detector

tribution 1s shown in Fig. 3. Aler the test column is
contaminated in well-posed conditions, a sharp tem-
perature wave generited by o continuously moving
heat source is propagated rom the cold w the warm
end (opposile Lo the flow direction). fushing the
accumulated contaminam as shown in Fig. Mah A
detector measures the concentration of the con-
Gaminant in the helium siream at the exat ol the
column. The time history of the detector output (Fig.
3th)) reflects the spatial distribution, i the continuous
heating is locally very intensive and the dispersion ol
the concentranion is rmmmized. Since an analybeal
solution for the accumulatoen distribution withoot
snow  formation s available [9]. the experimental
resulls are compared with the analyvocal solution to
obtwin o fundamental understanding for the behavior
of supersaturated contaminant,

2. EXPERIMENT

L. Appavais

A simplified schematic of the experimental system
is shown in Fig. 4 (for complete details, see ref. [11]).
The test column is the center tube ol g concentric tube
counterflow heat exchanger. The outer cold 1o warm
stream is not shown i '
placed verticiti; .. - chan for .
msulation. The warm (top) end of the test column is
at room temperature and the cold (bottom) end is
maintgined at around 110 K by liguid propane. The
column 15 a stainless steel capillary tbing of 1.0 mm
i amd 2 m long. The test gas with a concentration
of 100 ppm of CO, (calibration gas. Matheson Gas
Products, Mewiark. New Jersey) is fed imo the column
from the lop.

An outer tube having 9.5 mm o.d, and 0.7 mm wall
thickness is placed around the concentric tube heat
exchanger and is filled with liguid propane (o control
the column temperature distribution. Propane 15 used
because at moderate pressure it remans in the liguid
phase from room temperature to hguid mtrogen tem-
peruture. The liquid phase is essential to the tem-

LB L

perature control as described fater. The propane s
cooled by o liguwid mitrogen bath, The tubes. the nitro-
gen bath, and the vacuum chamber are stainless steel.

A wire heater is uniformly wrapped along the outer
tube contmming the propane o produce an axially
uniform heat flux (not explicnly shown in Fig. 4)
which establishes the linear temperature distribution
prior to the start of contaminant accumulation. In
order to generale a sharp temperature wive, is shown
in Fig. Xa). another small heater is located between
the 1e81 column and the outer tube and 15 movable
in the axial direction. The axinl position is precisely
contralled by a lead wire and a d.c. siepper motor
{Aarpax Co. model KRX22T) at the top of the appar-
atus. The moving heater is a thermofoil heater (R =
261 £3) with Kapton insulation (Minco Product, Minne-
apolis, Minnesota) and is attached by cpoxy 1o a shon
piece of relatively thick tube

Fi. 4. Simplified schematic of experimental apparats
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The detector is a fast response thermal conductivity
detector (TCT) mstalled ina gas analveer unit (Gow-
Mae Instrument Co., Bound Brook. New Jersey,
Model 50-430), which is used typcally Tor gas chirom-
atagraphy (GC) applications. The cells of the TCD
have been designed to by very small to avoid too much
dispersion in the detector output. The response time
is Jess thun | s,

2.2, Instrwsmentarien

The pressures and the fow rates of wst gas and
reference gas are controdled by two identical iwo-stage
pressure regulators and fowmeters. Temperatures
e two TCD nlets are mantamed the same with a
paraliel-flow heat exchanger.

The temperature control of the test column s the
mast important part of the expenment. Two control
actions are required. The first in lme sequence 15 1o
sel o linear temperature gradient before any helium
flow through the column. This requirement s achieved
by combining a cold liquid propane fow through the
outer tube and an axially uniform heat flux on i I
the small temperature dependence of o, 15 neglected
for liquid propane. the lineir temperature gradient is
obiumed as

&T ')

X = {#in £ -'I:“ o

i
where the numerator of the nght-hand side is the
uniform heat Rux per unit axial length. The fow of test
s i the test column does not affect the temperature
distribution. because the heat capacity of the helium
is negligible relative 1o that of liquid propane.

The second control action 1s (o gencrate o sharp
temperature wave as shown in Fig. 3{a). An optimum
wave speed 15 determined by two factors. A slower
speed results in more detailed information Tor the
spitial distribution. Too slow speed, however, cannot
generate the required steep temperature front because
mare time 15 allowed for axial thermal diffusion. An
acceptable speed has been selecied as | em s ' from
a numerical simulation. The temperature increise of
the tubes and liguid propune (AT in Fig. 3a)) should
be abow 30 K 1o guarantee that all of the accumulated
comamnant will evaporate mio the helum stream.
The heat flux w0 prodoce the temperature wive s
L0 = 10" W m . Burnout of the thermolon heiter 1s
avoided with subcooled hothng of liguid propane
The bubbles are expected o condense immediately
because the cold wall is very close w the heating
surfuce.

Temperature of the column is measured by ther-
mocouple soft-soldered on the outer tube at sy
locations - one at the cold end. three 10 cm apart
above the cold end, and two 60 cm apart. The tem-
perature difference between the thermocouple loca-
tion and the test column at the same axial position 15
negligible while the hinear 1emperature 15 mamtamed
during the steady flow accumulation. When the inten-
sive local heating s applied, the thermocouple tem-
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P 5. Timee istory of empernture at 20 om above the cold
end during detection phase.

perature ncreases earlier than the column empera-
ture. This is taken into account when detector output
1 related 1o wall accumulation distribution,

The detector output s recorded i units of ppm of
CO. The data are collected every second through an
ACRO Dute Acguisiion and Control System. The
sumpling time. | s, can be interpreted as a sampling
length of | em on the wall accumulation of the test
column, because the temperature wave moves at the
specd of 1 em s

23, Procedire

The expeniment consists of three phases—ihe hincar
temperature set-up, the contaninant accumulation,
and the detection. Aflter the vacuum chamber and the
fas analyezer are ready, the test column temperature
is sel linear by a constunt propane flow through the
outer (ube and a uniform heat flux over the tube
according 10 equation (1), The pressure of propane
in the tube 15 kept a1 460 kPa by a back pressure
regulator at the exit of the tube, where the boiling
temperature of propane is 273 K. Near the top plate,
most ol the propane is vaporized and the stepper
motor s operated ina vapor-filled enclosure,

When the desired temperature distnbution s ob-
tined. the flow of west gus is started through the est
column, To insure the steady state of the wmpera-
ture, the propane How and the heat fux are maintained
al the same conditions as during the temperature
sel-up phase. The accumulation tme 15 45 mun,

To start the detection. the propane flow and the
heat fux are shut off at the same ume. Immediately
alter that, the moving thermofoil heater (placed at the
cold end before moving) and the stepper motor are
turned on 1o propagate the lemperature wave from
the cold end. During this period, the TCD detects
and records the concentration of contaminant in the
helium leaving the column. In order o avoid sub-
sequent accumulation of the contaminant. the tem-
perature of the column downstream of the hewter is
ringed 1o a level above the saturation lemperature of
the peak concentration.

The time history of temperature at a point 20 cm
above the cold end s shown in Fig. 5. The time axis
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1= Zero when the movine heater starts 1o move, The
temperature is increased by 50 K within 7 s afler the
top of the healer reached the point at 1= 18 5. The
small amount of preheating s due 1o the natural con-
vechion in the liguid propane. The overshoot at the
end of heasting is mainly due to the condensation of
tuiling bubbles, Singe most of the contuminant
accumulation at a given location sublimates back 1o
vapor at 140- 150 K fwithin 2 5). the heating raw 15
considered satisfctory

3. RESULTS AND DISCUSSION

L1 Experinmental resulls

Tests were run with the 1M ppm of €O, in He
@t vanous flow rates and totul pressures. COnly three
critical resulis are presented anpd discussed due 1o
space limitations (for devnls, see vef, [11]1. The three
tests were performed at the same total pressure and
almost the same axial temperature gradient, bul
three dilferent flow rates, Concentrations of O, us
funenon of time from the detector are shown in Fig
fh. Since the evaporated contammant is carned at the
test Mow rate, the response appenrs earher as the flow
rate morsases. Dhe 100 ppm concentration ut the end
of the response 5 the inlel value because the tem-
perature of the column alter heating 15 everywhere
higher than the frost point of the test gas.

Ta convert the time history of the TCD output 1o
the spatial distrbution of wall accumulation in the
1est column, it would be recessury 1o formulate and
solve an antegral equation for the dispersion muech-
anism, [nstend of the unnecessarly lengthy and com-
phcated procedure, o simple coordinute trunsior-
mation [or ideal deteetion s done here assuming a

point heater, no diffusion, and an instant response ol

the TCD. The amount of dispersion 15 considered
when the experimental and analytical distributions are
compared. Thus the mass sccumulation per unit axaal
fength of tube wall can be relited Lo the concentration
al the TCD by

{;r] - .g._}.: (14 Jao “ippmorcoy )

where the total pressure, p,,, and the temperature, T,
are the values s the detector, w, the mean velocity of
the test gas amd oy the heater speed in the negatve
v-direction, 'With the notations in Fig. 4, the axial
location ol accumulation is related tw the time wt the
TCT by

o - (‘r— "'_}4-,, i1

1.2 Awmelyticad sodurion withow smew

An analvtical solution Tor the secumulation dis-
tribution was obtaned [9] on the assumption tha
no snow was [ormed i spile ol supersaturation. In
the solution, the mass transler of conlaminant was
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Fiei, 6. TOTY onatpeits of three runs (p,, = 191 kKPa): fa) Bun

| (&e = 115 AT da T2 K m b (bl Run 2 iRe =
190, dfdy = <7431 K m" "), i) Run 3 (Re=267.
dTidy BhS K m ')

assumed o be uncoupled from the momentum and
the heat transier, becawse the phase change and
accumulntion of the low-concentrabion conaminani
did not affect the emperature distnbution, For steady
laminar conditions, the axul convection of the con-
taminant s balanced by molecular diffusion e the
radial direction. Thus

1= () [ <22 2 (%), e

1] nr ir

The houndury conditions are given by
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clx=10.r) = o,

"rl.!..r =W =0 clx.r=r)=cfx) lor x=0
ir

(5

because the local concentration ol contaminant is
radially uniform at the frost point (v = 0) and is the
suturation concentration at the surface of the frost on
the wall (r = r,). The equation Tor cix, r) 15 solved by
the same method as used for a heat transfer problem
with an arbitrary wall temperature [10]. The solution
for the mass accumuolation rate per umt axial length
has been shown [11] 1o be

(';‘} = g M%) S

_ [ e (5
i, Rl |
i il (LX)

{' {= A7 dpyde,
= X b
P\ 7 Re Sery J de

where 4, and R, are the ath eigenvalue and eigen-
function of the so-called Graely equation, respec-
tively, and a, 15 the nth coethicient of the seres expan-
sion of o function f{r) = | in terms of R.ir). The
hinury moss diffusivity, £, the mean axiol velocity, ...
and the saturntion concentration, c,. are s-dependent
and determined by the axial temperature distrihution

(6)

13 Onset of smem

The coordmate-transformed accumulations derved
from the TCDR outputs with equations (2) and (3) are
shown in Fig. 7 along with corresponding analy-
tical results withowt snow, which s the mass ac-
cumulation rate of equation (6) multiphed by the
accumulation time m the experiment.

For Run I, the discrepuancy is mostly due o the
dispersion of the concentration distribution during
the detection phase of the expenment. There are three
dispersion sources—1he finite length heater, mixing in
the tube connections between the test column and the
TCD, and miximg in the detector cell. The dispersion
resulting from the long heater is estimated by space-
averaging the accumulation distribution over an
elfective heater width, which s the length along the
tube between the sublimition start point and the dry-
oul point as the heater moves along the tube. The
effective width is less than 2 cm while the accumulation
is distributed over a length of 30 cm. The calculated
dispersion doe to heating length is very small when
compared with the overall dispersion. The dispersion
at the detector cell is estimated by a first-order (in
time) model with a time constant. Since the time con-
stani 15 about the response time of the cell (1 s), the
concentration wave is littke dispersed at the detector
cell except some tailing effect of the wave. which
results in the dispersion near v = 00,

Most of the dispersion occurs in between the test
colummn and the detector. Especially, the dead volumes
in the tube fittings and the control valves are respon-
sible for most of the dispersion. The mechanism ol

H-M. Cnaxg and 1. L Ssoom, Ji,
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Fici. 7. Experimental and analviicel distributions of wall
accumulation - (a) Run | (b) Bun 2; ic) Run 3,

the dispersion is basically convection-augmented mol-
coular diffusion [12]. which has been widely studied
beciuse of s importance in gas chromatography. An
analviica]l estimale for the dispersion in the specilic
apparatus s nol easy. nor is it crueial for the interpre-
tation of the resulis. However. it should be menuoned
that there cxsts un opumum flow velocity for the
minimum dispersion |13, 14). For a smaller low rate
than the optimum, more time s allowed for the axal
milecular difusion and for a larger Qow rate, the
contaminant is more dispersed by the radial vanation
of axial velocity,

For Run 2, the fow rate is near the opimum, thus
the dispersion is small. The experimental distribution
s i very pood agreement with the analvtical one
except Tor a small secondary peak at xd = 100, The



Miiss transfer of supersatorated contaminants in crvogenic helivm heat exchanpers

'-IP" &

Iy mrabecular
l.‘a} dilTusgion

(=8

X
()
%
(c)
:=

Fiiz. 8, Effect of spmow formiation on disinbuton of sall

accummuliion : (a) scoumulanon by mslecular diffusion ; (b)

deposition of snow lormed i free stream: (e) overall dis-
tritintion of wall secumulation.

secondary peak s due 10 the snow formed hy homeo-
geneous nucheation in the supersaturaied regions. The
formation o spow moves some of the deposition
downstream as explained m the nest parngraph.

The degree of supersaturabon increases with « until
the concentration profile is fully developed and then
devreases as discussed in rel 9], Thus any homo-
gencous  nucleation of the supersaturated  con-
taminam will ocewr o the mass transfer entrince
region, which s 0 = v = 8 for Run 2. As sketched in
Fig. 8la), as the nocleation starts in the entrance
region, the sceumulaton by the molecular diffusion
of contaminant to the tube wall 15 decreased because
the radial gradient of concentration a1 the wall 15
smaller. On the other hand. the snow formed in the
free stream is convected downstream with the gas and
then deposited on the wall as shown i Fig. 8ib).
The deposition displocement length, {, and deposition
width, o, are expected 10 be determined by the size
and shape of snow crystals, the radial position ol
nucleation. the gas velocity, the surface condition of
frost on the wall, and so on. The total mnss accumu-
lated on the wall has the shape shown in Fig. 8{ch,
which is similar 1o the experimental distribution of
Run 2 With this reasonimg, it s estimated that at least
2% of the total contaminant condensed as snow and
wits carried about 100 imes the tube dinmeter before
it was deposited on the wall over a width ol 40 timis
the diameter.

For Run 3, the dispersion is larger than for Run 2
hecause the flow velooiy eaveeds the opumum. The
amount of formed snow 5wt least 11% of total con-
tamimant, which is greater than for Run 2 because the
degree of supersaturation is greater. I1s cleasr that the
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supersaturation increases as the flow velocity or the
axil temperature gradient increase. The snow depo-
sition displacement length und the deposition width
are about 150 tmes and 60 tmes the tube diameter,
respectively, for Run 3.

I'he dimensionless degree of supersaturation s a
useful parameter for predicting the onset of snow
formation of comtaminants in helium o various Qow
conditions. The parameter depends on the con-
centration and temperature distributions for the noe-
smow ase, The definition for the degree of super-
suturation from ref, [9] is

1}..& Tai

DES = i

i7)
w

where AT, is the maximum value of the difference
between the local temyperature and the sswuration em-
perature corresponding to the local partial pressure
of comaminant, ¢, the specific heat of the vapor phase
and &, the latent heat of sublimation of contaminant,
The DSS indicates how much on an energy basis the
contaminant has gone over the saturation point with-
o 4 phase change, compured with the latent heat.
The estimated values of DSS Tor Runs 1, 2, und 3 are
SAx10°" 89=10°° and 1.1x 10 * respectively.
For various other flow conditions, the transition lrom
no-snow o snow formation was observed within s
narrow range of DSS centered on 8 = 107 7 (for details,
see ref. [T1])

Finally, 1t should be mentioned that an application
of the expenmental apparatus o wider ranges of con-
dition way restricted by excessive dispersion off the
accumulation distribution,

4. SUMMARY AND CONCLUSIONS

A new expenimental technique was developed 1o
measure the mass transler of o supersaturated con-
taminant 1o the wall of a heat exchanger tube with an
axially linear wemperature gradient. Afer the con-
wminant had accumulated on the wall as frost, the
spatial distribution was converted Lo concentration vs
time by propagating o steep temperature wave along
the wube, The concentration history was measured by
a detector at the tube exit. The measured distributions
were compared with an analyvtical solution without
homogeneous nucleation of snow. When the degree
of supersaturation exceeded n specific value. the
measured accumulation changed mdicatng the for-
matian of snow that was corried downstream and
then deposited on the wall.
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TRANSFERT DE MASSE DE CONTAMINANTS SURSATURES DANS DES
ECHANGEURS THERMIQUES CRYDGENIQUES A HELILM

Une nouvelle technigue expérimentale est developpée pour mesurer la distnhution de givre

accumule dans le passage d'un échangeur thermgue cryogenigue i helium. Le givre et accumulé par
condensation d'un conaminant sur by paroi pendant Moperation d'ecoulement permanent de echangeur
A contre-courant, La distribution et mesurée en Misant passer Je contaminant aceumulé dans un detecieur
il b sortie du passage. Une source thermigue est déplaces de Pextremite Mromke vers s chaude pour convernr
Iy distnbution spatinke de contaminant en concentriulion ceci en fonction du temps dans le courant
Ehelium sortunt, Quand e degre de sursaturation est faible, la distnbution d'accumulation s"accorde
raisonnablement bien avec la solution analytique sans formation de neige. Quand la sursaturation
augmente, un pic secondaire net est observe dans la distnbution & couse de la formanon de neige dans
I'écoulement libre et de son dépdt sur la parae A pactie de ces resultats, une condition est fommules pow
In formution en neige d'un contaminam sursature dans "helim

STOFTTRANSPORT VON f"H.F.RﬂK'ITHiTF?\_l VERLINREINIGUNGEN 1IN
KRYOTECHNISCHEN HELIUMWARMETAUSCHERN

Fusammenlassung — Ein peues expermmentelles Verfahren sur Messung der Vertedung von Reilim Durchlal
eines Mellumwirmetauschers wind vorgestellt. Der Reil sammelt sich durch Kondensation von Verun-
reinigungen an der Wand des Durchlasses beim stationdiren Betnieb eines Gregenstromwiirmetauschers. Die
Verunrcinigungen werden zum Ende des Durchlasses gespillt und dort von ginem Detektor nachgewiesen
Eine Wiarmequelle wird vom kalten zum warmen Ende bewegt, um die raumbche Vertmlung der Verun-
reamgung in eine zeitliche Konzsentmtionsverteilung im austretenden Heliumstrom #u dhertragen. Wenn
der Grad der Uberséittigung klewn st stimmit die Verteilung der Ausfallung gut min der analyischen Lisung
ohne Bildung von Schnee Gberein. Bei steipender Uberdinigung wird ein destlicher Sekundir-Peak in der
Verteilung benbachtet. der von der Ausfallung von im freten Strahl entstandencm Schnee herriahrt. Hieraus
wird eine Bedingung fir den Beginn der Schneehildung aus ibersittigien Verunreinigungen in Helium

entwickel,

MACCONMEPEHOC MEPECLIMEHHBIX MTPUMECEA B HHIKOTEMIIEPATY PHBIX
FETHERBIX TEMIOOBMEHHHEAX

Amsoramms — PaapaBorin sonsil HENepEMENTATLHL METON TR WIMEDEIHE PACHPEIEIcHHE HHCR B
KRGS HOKOTEMIEPA TYPROT reamenoro Tenioofsentiks. Hocl ofipaivercs w cwer womaencainm
TPHSECH HEL CTERES BRI npi patore PABHOBECHOID M THENTOMHOED Teaofueiiwe » CTanmonsgp-
oM pexise. Pachipenenenme WHcR IMCPRCTCN [YTCM SaNOIHCHEA ICTCETORA, YCTAHORTEHHOIO Ha
BLNOAE T KA, AEKYsMyAHPpoRasnoil nprsectio. [Lin npeofpaiosiinns npocT PABscTRCHHOTO PacTipe-
BECHHA TPHMECH B KOHOCHTRAIRIG KBk KR Bpeseiin # ARTeEaomes NOTOKS MeTns HeTowimme
TEMAA NEPEMSACTCR OT XOA0AHGID TOPIH E HITPCTOMY, |'Ip|| Mol crenenn NEPeCLIIEHRE PacTipeie-
JIEHHE MHCH XOPOMID COUISCYETON © GHATNTIICCKIM Pelliemiest 1w cayuan Hed cneroodpaionamns. C
POCTOM NEPecidieliing OTHeT Mo HABmotieTes BTOPRSHME THE 8 Pacnpeaeicinn, saamER obpaio-
BAHWEM CHETa 0P CBOBOANOM TCICHHH W ero NOCHeAYIOUs OCEITANNEM HA CTCHES 8 mige when. Ha
CCHOBE  MOIYSCHHME  PEWALTIATOR waflzeno yOloBme Basana  cieroofpaionaHee  nepeckitleHiof
PMMEcH B reommn.



