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Experimental study on the heat
and water vapor transport in snow
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The heat and water vapor transfer in snow under applied temperature gradients has
been studied for a long time in the research fields glaciology to study these processes as
ground-atmosphere interactions during winter time, recrystallization of snow related with
snow avalanches formation and so on. The main purpose of these investigations was to
obtain the heat conductivity and water vapor diffusion coefficient in snow which could be
included into any snow-related models used in environmental studies.

However experimental results obtained by most of previous investigators gave values
of water vapor diffusion coefficient about 5 times higher than diffusion coefficient in air (2.2
X 10 m?sY). Several explanations for this result were offered but none of them could fully
explain it. This situation forced us to carry out this systematic study in attempt to
understand the interactionbetween water vapor fluxin porous space and heat conductionin
ice matrix. .

The experimental set-up consisted of thermoinsulated snow samples with uniform
density of cross section 18 cm X18 cm and lengths 10 ~ 40 cm situated horizontally or
vertically. The temperature difference from 4 to 12 C was applied to opposite faces of snow
samples and as a result we could have wide range of temperature gradients inside snow
samples. The applied temperature difference was kept for a long time (from 3 to 24 days)
during which period temperature distribution inside snow samples was measured in 2 cm
interval and every 10 minutes. The temperature changed rapidly from initially uniform
temperature forthe first 12 ~ 48 hoursin dependence on sample length and after then it was
steady at all positions of measurements. After the experimental run the snow samples were
cut perpendicularly to the directionofheat and mass transfer in slabs with thickness of about
1 cm, and mass measurements of these slabs gave density redistributions in snow as a result
of built heat and mass transfer.

As an addition to the heat and mass transfer experiments the author carried out
experiments on CO; diffusion in snow. This was done by applying CO: concentration
difference on opposite faces of snow samples (7 cm length, 5 cm diameter) without applying
temperature gradients. Same snow was used for these experiments and the obtained data
could be used for comparing CO; diffusion without heat flux influence with the water vapor
transfer characteristics.

The obtained steady state temperature distributions were not linear as they could be
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in media with uniform heat conductivity. Attempts to calculate effective heat conductivityof
snow gave very large range of values, which could not be explained by neither difference in
snow density nor the temperature dependence of heat conductivityofice. Detailed analyses of
temperature distribution revealed that they represented waves around convex to the warm
ends curves. The waves appeared immediately after the sudden heating of one face of snow
sample and remained at the same position till the end of each experimental run. The lengths
of these waves were from 3 to 8 cm and the waves could be recognized through whole the
sample length (5 ~ 6 waves per 30 cm sample). As similar waves were found in horizontal,
vertical fluxesupward and vertical fluxes downward snow samples they could not be a result
of convection developed inside snow.

The explanation of wave formation could be as follows: Sudden temperature increase
on one face of snow sample forms heat fluxinto the snow sample. As heat conductivity ofice
grains is much higher than that of porous air the result of such ice grain heating could be.
evaporation from the grains surfaces. However the formation of temperature gradient in
porous space together with the water vapor concentrationgradient produces the water vapor
flux in the same direction. At some distance from the heat source the water vapor
concentration in porous space could become supersaturated, and condensation could take
place resulting in latent heat release causing temperature waves. It can be also suggested
that when such condensation zone is the heat source for the next wave in the general direction
of heat transfer we could have the same mechanism for formation of further waves through
the sample length. The process of water vapor-ice reaction proceeds under steady state
conditions also.

Similar waves were recognized in the density distributions measured after each run.
Based of the wave positions in the samples from the temperature data, the density change
could be correlated to any recognized wave. Indeed, it was possible to note in density
distributions that each wave was related with the decrease and increase of density.

Thus, it was possible to calculate water vapor flux from density change in evaporation
and condensation zones inside a wave. Several waves which were recognized both in the
temperature and density distributions were used for water vapor diffusion coefficient
calculations. The obtained values were from 0.9 to 1.8 X105 m?s! — smaller than water
vapor diffusion coefficient in air and thus in good agreement with theoretical values. The
difference with previous works was in using of local temperature gradients inside noted
waves. [t means that the discoveryof the new phenomenon of wave formationin temperature
and density distributions has explained why the previously obtained diffusion coefficients
were not in agreement with theoretical considerations. t

The CO;experimental data gave tortuosity of snow, which was used in the water vapor
flux calculations (= 1.73). Including this value into obtained diffusion coefficients we could
reconfirmthe model of Giddings & LaChapelle (1962) and we have proposed a new parameter,
“diffusion enhancement factor’, to explain the c(;mplex heat and water vapor transport
mechanism in snow under applied temperature gradient. Summarizing the new obtained
data it can be concluded that.the temperature distributions in snow under applied
temperature gradients have wavy patterns. The waves are formed by alternation of
evaporation-condensation zones. As stated in the theory of Giddings & LaChapelle, the
porosity effect of snow is canceled by increased temperature gradient in porous space, but
tortuosity can play very important role in water vapor diffusion. The effective water vapor
diffusion coefficientsin snow are smaller than that in air. '
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Experimental study on the heat
and water vapor transport in snow
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TD#HE L UKESHLBEIL, HROESHESHBICEITAEEL U TRV
F-NSFUZIZBWTEELHZX AT L0, ChETELOHERFICL > THER
PITbTE, L L. ThETIIRESNALTORL L UKEIDEIEFED
RRIMREICL > TRE S RAD - 70, FIOKEKILBARBUZE U THEHA—BRDIK
&L ZK/FOEL D DEIEREVWEVOERIREINTE Y, BAEYEORE
WMED—H U -7 ZFFRIBZINSORBHROMBEIZET AIELUWEREES
Z EAXBMIZiThbNh,

KR TIITERNHORHE, KA. COME. BLUTHABMOBELERD
AR TDhNI, Bdid LKEIILBOER TR, TRAMOENMN G 2HEE~
OEEICEMA (3-24 B) &b, ANOEKEIHORMEOIFMICAEZN
7o MEOBEZIZ4 CTHSR2COFERATHZ Shlc, ZRBOBRARFROMEE
(318 cmx 18 cm, £ X {310-40 cm T, B A ML, /KFE, BE T &L XUEEHL
MEXD=D2TdH 3, ERNMOBELMIZ. 1-2 cn R TREINBELE AN
TIAEICHE I NIc, ERAHIBREE., FEIL199 -518kgm3 TH b, FKE
BTH%. SREHIHT onBITYIM S NEERIE SBEBITfThbhic, SRED
CO i FEiz. HEREOTHR (BEX Ton, EFESm) OlEHICCORBREEES
ZBREDORMZENAECON ABHBTHET S Z EIlL » Tk ohic, COPBURE
IR 2 R ARROEEEFM T 5 /ohiifEbhic,

BRI —FOBREEX S TERBICE L -BROBESFIZ. BEOE—YE
B3 X HBRITIIAL, BEMCMOZRBTEDbIN, JhbhoRE
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b &N ERESEE T EOEBE TR L. TORBIIEEOEMIZL > THKD
BICEEDBERFIC L > THRAT S LKL -7,

Wiz, COMBERBET S0, L) HMTRESTORE EBIINThITS,
FORER., ENHOBESHTICHERROESDFERINI, BIEIEHAMCEES
RAEZEENSEREIN, TOBHEERRIEDLSEM >, KRIZ3-8
cn T, BERELHICTEREI N @A, 30 miAETIL5-6) o RIRREEIGK
SERRHC b, BERE @WEARLAXEIUTHE) CbREIN S0, Bl
FIZL B bOTRIENWERK RSN, FAFOBRIEESHTICORED 0N BITHE
ERTOEREBHE L. ThoDEid. BREICA U BRTS T EAR R &
BEGER. BXUFNOoDBRDEUICK > THERINWEZ ENHOMIL s, T
bbb, EREOFEMNMEI NS &, Bk & FRIOKOFEEARIER I Dk
ST EFTT B0 IKESHEBIILEROKATBBEMELENI L. H5—EDE
MTERMEE D, BENEE S, TOATHREINCBRIIBESTICEZEERK
T2, FIKELKDOFERFLBRRIL. BEAMIIOBERRT 5, EIL. BRD
BHEERIL. ROBERORRELS,

ERNEICTERI NS EE EEEOBRAHICISBBRISTIENH 5708, &4 DK
KB LT, Bt XN/kER TS v 7 AEBEARERD S Z EMHERD, BEL
EEOSKELKAEARED 5 &, BROICTSOKESILBREN kD OoN S, Ho
N7-fEiL 0.9-1.8x10-5 m2/sDEPICH D . ZRFDME (2.2x10-5 m2/s, 0C) K D/h&
(. eI NFEFTOBL DREML D EENE L, —ROBAHEYHEICEIFIKUE
P8 & R BEAROD IS S DOCOMEFREN S IIERABOEMEIRLT3 & &
z ot BEART TOZOKESILERE L EIRT 5 oDICH Il TTLBEX
(¥ (Diffusion enhancement factor) | CWHBENBREINI, Jhld. KEZERD
BIZEDE L > THE LB ERNBORAMNEEAROKELXEDT . TLEBHEKAF
O, EBRIZEOLNIEDOHEELS53.0LFKD ontc, U LDERNS. BEOW
RICBWTREIAZ U TOKESLEFEENHE I N EAT, BRSO ICHE
TERFNEEL LUKESBEAROEELEEBER LD » cich LRI s

FEHEE R, U LEOBRENEDEES(L L UKESEEOHRICENTINE
TARERETH - 1o 8N L. DOBKRELRICTFSTHEIANKRENI &,
F - HBENRPEE & UTHENDBLTH D . KERFRICE T ATIHPHGHE
R e, BEEMIEL GUERBERSE) OFMNAZII B IS EERTHT S
bDEHELI, )
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