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Sublimation rate of collected blowing snow in a collector
A case of Net type collector
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Abstract

Theoretical calculations and measurements in a cold room were carried out for the
sublimation rate of collected blowing snow in a Net type collector.

The calculations based on the heat balance of collected snow showed the dependency
of the sublimation rate on the temperature and relative humidity of the air, the transfer
coefficient for sensible heat (which is close to that for water vapor), and R— ¢ T* (R is
the energy inpul Lo the collected snow and T is the air temperature). The dependence on
each parameter is similar to that of a Cyclone type collector, as revealed by Sato (1990).

The measured sublimation rates increase with the length of the collected snow up to
about four times as large as those for the Cyclone type collector under similar
experimental conditions. Taking account of the difference in the inlet area between the
two type collectors, however, the sublimation of collected snow is not serious in the mass
flux measurement with the Net type collector as compared to the Cyclone type one.

The transfer coefficient for sensible heat (water vapor) was obtained from measured
sublimation rates and experimental conditions. The transfer coefficient increases with
the increase of the length of collected snow, partly due to the sublimation from the side of
it. The transfer coefficient also increases as the ambient wind becomes strong, and it
decreases as the collected snow becomes dense.

Considering these properties of the transfer coefficient, schematic diagrams were
presented to give the sublimation rate of collected blowing snow under various
meteorological conditions (air temperature, ambient wind speed, and relative humidity).

Key words : Blowing snow, Blowing snow collector, Net type collector, Sublimation
rate, Mass flux of blowing snow
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Fig.2 Relation between the air temperature T and the calculated sublimation rate En
(Case of R— o T =0W/m?),
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Fig.3 Relation between the transfer coefficient c¢nu and the calculated sublimation
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Fig.5 Relation between the relative humidity of the air A and the calculated
sublimation rate Ex (Case of of R— o 7% =(0W/m?),
4. Fv FRREEFAFOEE
Fv b AREF NI OE O X 3 AR L BRI LTws, ZOHTIE, FEERT

— 31



BB BT ok 4TS 199143 A

R L fo/ DB EA (RO OERT, 5en) PR EHTEOME, BLUAy hOFIcER
ANZ WIS & AN TS OWSFNIRO B ORERSE LR T,

FGREAECHER U - B RS TR CERA L2 b O L 3B AR 5, 7o — 7 IXERE 1o,
R 15mOFHRT, %Ok 3mOMABREHTH S, 07— 7 FH AT I3
HBEETH 525, ESRBEECH L THEMA»S 45" U EFhTY7:5 LiERESET T
5. WEFIAMOBEEOREIX, Fv MNSZREHT Fu—72REFFLEZTLL
WAL TITR DT, B Ay FORSHAORER I BHE Sz L EL6N5,

HEL REFOVGAOOREE 50m) OFEGETHBEEL 72 EE & H¥ 50 & OMEBOMER

S | S R

h B Fv bAKREEH
HERE T T
Bl — B
SEEY—

7 29 z 7 oy | 1 F3 7K =
£-50 0 50
‘_\i | T T T T t T T T T I
b«

el

g 1.5 -
w

el

=

=

= 1OF 4
“h-" U(x=0) _

= —o— 53mls e -

‘Eﬂ --r-- G

5 g5L —B- 18.2 =
v}

= 6 AEROCHTEBEBOEAE (L) &, E¥gix=0 OREUTRELLEERSG (F) .
FEL, G B R R o & 3 S Ol E oI EfE.

Fig.6 Upper: schematic picture showing instruments to measure sublimation rate and
experimental conditions in a cold room. Lower:variation of wind speed along
an axis of the air flow, which is normalized with the reference wind speed U/
(at 5em windward of the inlet of the collector).
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Fig.7 Wind speed distribution in a Net type collector (without snow), which is
normalized with the reference wind speed /. (a) : under varying ambient wind
speed as shown in Figure 6, (b) : under uniform ambient wind speed.
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Fig.8 Wind speed distribution in a Net type collector (with a snow sample), which is
normalized with the reference wind speed {7 (=10m/s). (a) : abscissa is a
sample length, (b) : abbscissa is a length between the end of the collector and
the anemometer. The broken line represents the case of /=10m/s withouit
snow shown in Figure 7 (a).
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Summary of the measurements of sublimation rate in a cold room.

(DHTFTENWEER

Run SR S8 HIx ER e HAER ok
Wk WmE RX W OWEIH 1% %
No. (°C) (m/s) (%) cm) (g/em*)(min) (g/hr) (m/s)
| -4.2 52 13.6 10.5 0.14 30 0.460 0.381
2 -5.0 10.2 79.4 10.7 0.14 30 0,740 0.903
J -4.8 15.2 78.2 0.3 0.15 33 1,018 1.132
[ -4.,8 10.2 77.0 Bard] 0.156 31 0.45H5 0.472
] -4.6 10.2 5.2 2.4 0.10 33 0.3164 0.338
i 4.7 10.0 76.4 18,1 0.15 39 1.154 1.150
7 -4.7 10.0 76.4 2.2 0.11 o 0.380 0.378
8 -4.9 10.2 78.8 11.0 0.14 30 1.080 1.257
] -4.1 10.2 80.1 5.3 0.15 0 0,560 0.665
10 -4.14 10.2 78.3 2.1 0.11 30 0.480 0.514
1l -4.4 10.2  77.1  1B.7  0.16 17 1.557  1.564
12 -4.6 10.0 T9..2 10.1 0.08 J0 1,220 1.137
13 -4.6 10.0 6.4 11.2 0.20 12 0.694 0,685
14 4.5 10.0 75.8 11.0 0.17 J1 0.871 0.828
15 -4, 6 10.0 5.8 10.0 0.11 J3 0.873 0.836
16 -5.10 10.1 16.1 10.5 0.24 J0 0,880 0,801
17 -4.7 10.1 T8 10.5 423 30 0.680 0.723
18 -4,7 10,1 17.1 10.6 0.18 Jo 1.020 1.050
19 -4.6 10.1 76.4 9.2 0.12 31 1.045 1.033
20 -4.6 10.2 71.6 10.0 0.15 J0_ 1,160 1.223
21 -8.9 .2 65.3 8.5 0.18 54 0.444 0.395
22 -8.2 10.3 64.4 8.1 0.19 31 0.964 0.796
3 -9.1 15.0 66.3 8.1 0.13 30 1.360 _ 1.283
24 =82 10.3 67.4 9.0 0.16 31 0.968 0.962
25 -8.0 10.3 G6. 6 13.6 0.17 31 1.219 1.054
26 -8.7 10.3 65.4 B 0.17 40 1.020 0.912
27 -9.0 i 68.10 2.8 10 £ 15 0.413 0.411
28 -8.5 14.3 67.10 17.1 0.18 31 1,745 1.604
29 -8.9 10.3 66.4 5.2 0.15 Jl 0.619 0.587
J0 -9.1 10.3 65.8 2.1 0.12 30 0.460 D.424
41 -9.1 10,3 65.2 17.4 0.17 51 1.882 1.701
Y -8.6 10.3 67.10 9.0 0.1 30 1.180 1.083
31 -8.14 10.3 65.4 8.8 D.17 o 1.040 0.889
M| -8.6 10.3 66.5 9.0 0.21 11 0.7480 0.71%
15 -8.1 10.3 61.9 8.0 0.14 32 1.106 0.928
16 -g9.1] 10.3 5.8 6.3 0.17 30 0.760 0.702
37 ] 10.3 6h.8 6.2 0.23 I 0.565 0.5117
(DMRIF TR W 7= EER
Run &R WEE HIE ERH & e SRR Wk
Wk R)E O RBX wEEOFM % ¥
No. (°C) (m/s) (%) (cm) (g/em?)(min) (g/hr)  (m/s)
38 =}, & Dl 15.3 5.6 N.28 Bl 0.266 0.239
34 -4.5 10.0 17.0 5uid 0.30 il 0,413 0,447
40 -4,5 15.0 78.2 5.5 0.28 72 0.708 0,766
41 -4.5 10.0 17.6 10.2 [+ 62 0.629 0,658
12 -4, 4 10,1 80.7 2.0 0.15 30 0.240 0.289
43 -4.2  10.1 77.7 3.5 0.23 30 0.320 0,325
44 -9.1 0.1 65.8 2.8 il J0 0.300 0.276
45 -4.0 10,1 5.8 13.0 0.23 30 1.060 0,971
46 8.2 0.1 4.2 6.4 0.24 JO0.700 0.612
4 66.49 4.0 0.19 0 0,440 0.417

47
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Table 2 Summary of the measurements of sublimation rate in a cold room (by

controlling the sublimation from the side of a snow sample).

Iiun U 91- HI Xt 5 .:JH} g) i, L MWoe &R fif 3%
I, 2k i ) ﬂﬁ) b} hz 0 1M 1 5
No. ("() (m/';) (/6) (cm) (min) (g/hr) (m/s)
18 -8.9 4.8 59.7 0 30 0.380 0.277
19 =4.10 8.8 549.5 0 J0 0,240 0.176
50 -G.4 9.8 61.8 5 31 0.561 0.497
51 -8.4 a.8 2.1 i) 30 0.460 0.367
52 -9.1 10.0 6Y9.9 10 J0 0.860 0.949
o) 10 30 0.940 0.915
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Relation between the length of a snow sample L and the measured sublimation
rate Ep under the ambient wind speed {/=10m/s (measured at 5cm windward of
the inlet of the collector). T and % in the figure are the temperature and
relative humidity of the air, respectively. (a) : new snow sample, (b) : compact
snow sample (diameter of a snow particle is 250 —420 x# m).
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Relation between the ambient wind speed I/ and the measured sublimation rate
En. Omew snow sample (air temperature 7= —5°C, relative humidity £=0,7
~0.8, sample length L =11cm, sample density p =0, 15g/cr’), @:new snow
sample (T=-9°C, /©=0,6~0.7, L=8cm, p=0.192/c’), A: compact snow
sample (T=—5°C, #=0.8, L*=5cm, p =0, 28g/cr),
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Fig.11 Relation between the desity of the snow sample 10cm long and the transfer
coefficient cha under the ambient wind speed U=10m/s. O:mew snow sample
(air temperature 7= —5°C, relative humidity 20, 8), @:new snow sample (T
= —9°C, h=0.7), Acompact snow sample (7= —5°C, ~=0,8),
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Fig.12 Relation between the length of a snow sample L and the transfer coefficient cnu
under the ambient wind speed U=10m/s (T and & in the air, respectively).

Plotted data are the same as in Figure 9 and ch# is a raw value. (a) : new
snow sample, (b) : campact snow sample.

3 —— T T 3 ———— :
o T« -5°C, h# 0.8 _ | & T=-5°C, ha 0.8 _
® =g, 0.7 A -3°C, 0.7
2
1 1 A —
T | T R
L 05r L 05 a .
4 r o i /\chu=0.17 LD',? il
V] - i
o A
] | / i ]
(a) (b)
0.1 I P WS | L ] i R (R U AT | n
1 5 10 30 f 11 5 10 30
L (cm) L (cm)

B13  EEFAchuldBORES LOMER, 22 LIMEEEU = 10m/sT, SET LHRNRE h idFhic
mllz, F—F ERI12EELCTH S8, (1) THBEEEAN0. 20g/of D55 O REICRE L THL.
{a) 5, (b) REFSFHH,

Fig.13 Same as Figure 12 except for the transfer coefficient cnx is transformed into
a value for the standard sample density (0. 20g/c®) with Eq. (1) . (a) : new snow
sample, (b): compact snow sample.
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The transfer coefficient enze versus the length L. of the part of a new snow
sample (length L =5cm, density p =0, 15g/ar) exposed to the ambient wind.
cwt is transformed into a value for the standard sample density ( 0, 20g/cn)
with Eq.(1), Experimental conditions are summarized in Table 2,
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Relation between the ambient wind speed {/ and the transfer coefficient che.
(a) : cne is a raw value, (b) : cnu is transformed into a value for the standard
sample density (0.20g/cm') and standard sample length (10cm) with Egs. (1) and
(2),
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Fig.16  Sublimation rate En ( g/hr ) of collected blowing snow in a Net type collector
as a function of meteorological conditions (air temperature 7, ambient wind
speed [/, relative humidity 4) for R— ¢ 7" =0W/nf., The blowing snow is
assumed to be collected in a cylindrical shape and its density, length, and
frontal area are assumed to be 0, 20g/cr’, 10em, and 6. 6ar’, respectively. (a) : &
=0, (b): h=10.5, (c): k=1, and the negative value of sublimation rate means
condensation rate.
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Fig.17  Correction factors to give the sublimation rate £, { p, L) of collected blowing
snow in a Net type collector, where £ (p , L)=F(p) g (L) En (0. 20g/ctt,
10cm)and £, (0.20g/cr’ , 10cm) is given by Figure 16. (a): f(p), (b): g (L).
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