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Sublimation rate of collected blowing snow in a collector
—A case of Cyclone type collector—

By
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Shinjo Branch of Swow and Ice Studies,

National Research Institute for Earth Science and Disaster Prevention,
1400, Tokamachi, Shinjo, Yamagata 996, Japan

Abstract

Several types of collectors have been used to measure the mass flux of blowing snow.
The collected snow, however, may decrease its mass due to sublimation since it is
exposed to air flow. In this study, the sublimation rate was calculated on the basis of
the energy balance of the snow in a Cyclone type collector. Measurements of the
sublimation rate were also conducted in a cold room under conditions where the air
temperature, humidity, and ambient wind speed were controlled.

The calculations showed that the sublimation rate increases with air temperature
and with the transfer coefficient for sensible heat of the snow in a Cyclone type collector,
which is close to that for water vapor. It was also noted that the sublimation rate
decreases in proportion to the relative humidity of the air. These tendencies agreed
with the present experimental results.

The transfer coefficient for sensible heat (water vapor) was cbtained from the
measured sublimation rates. The transfer coefficient increases with ambient wind
speed, and the coefficient does not depend on air temperalure, relative humidity, or the
depth of the snow in a Cyclone type collector.

Schematic diagrams were presented, as a result of this study, to give the sublimation
rate of collected blowing snow under various meteorological conditions (air tempera-

ture, ambient wind speed, and relative humidity).
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Fig 1  Structure of a Cyclone type collector.
Arrows show the air flow.
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Fig 6 Normalized wind speed with the ambient wind speed U in the vertical cross-
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— 101 —



i R RlE BT R e 46 19904E12H

5 T T T 1 1 1 T T T [ T T T T
o flat &
4+ o CONncave o -
%E
%) oo
= ar L _
u}
< 2F B -
]
o
u]
11— g -
n©
0 1 1 1 1 1 1 1 1 1 | 1 L 1 I
0 B 10 15

U (m/s)

7 +4 7o HREHNHORELS A 0B 5 HE u, & AHRERE U oBHE, “flat” ik
B NERIZ AT > T WL LSS, “concave” B EBR FAFE I LT 255 (M

6 M) 1.

Fig 7 Wind speed u, at the point A against ambient wind speed U. “flat” . without
snow in the collector, “concave” : with collected blowing snow (see Figure 6).

0.5 ; . : :
8
0.4 |
0. Sﬁ: _—”"5'____'%-:: P :-:A )
=] =g -
S~
5 qb\@—9\19/./@
=
0.2t ]
o U= 5.90/s Fig 8
04F o 1.3n/s 4
A 15.5n/s
0 . - . .

Snow Depth  {cm)

— 102 —

A 7o RIRESHAEON
FHAKBE 2, HBERET
AL L 72 EGE (uy/U) & &
EHPAS o BRSO
Bk, 722U, Bik¥ky
2TwaEL, RERAEE
5 2cm, B o1, 5ecm D
Thb.

Normalized wind speed, u,/
{/, at the point A (2cm
above the snow surface and
1.5cm apart from the wall)
versus depth of collected
blowing snow. Cases of
flat snow surfaces.



WREEALE I BIET REOEEIC DWWk

5. EREICESTHRESEDAE

5.1 B HE

SIRF I EIHEL 2IKRERICBWT, RERCEREE AN A 7o L BIRER
CEEMT—FEORELT, SEHOBPEHEL THEEE KD, EREETTHE 2
LT ts, EFIGERED 560cm B T\Ww3, 28, CORRABE 4ROk
B, REMOERZILT.5cm TH S, HEEEREHRTORMEOBEBRIT4HTRLL
bOEFERTHD L EREEL .

EE i, [UREASEBEZE(E2 850 Run 1~19) &, HNEELPESFHOES - 5
EHEEZ DO (Run20~41) 236 %, (HRENORRE—F k- HE I, HNEE
FEOREICHIGT 2 —TEE L > T, Lpl, [UBREZ FIcHHNRE #3884 2 2
LIREETH D e, HIRE DA EE 2 ERFIE Y, %%ﬁ,%m&t%“ﬁ®$
Rz B TR & 3 2 R HE L, WS OWOAD OB EH] 5 cm 2 BV TSR EE %=
HIT Ui, 7, RIBLESREOREZ, 84 USREWBHONE OREZE 2 HEN ThA
BEL 7. Run 1 ~41THEAL -EFEHT, F5 TR, 1978) TR L 723E (BEIC 1378)
PEREAIZLIESCESE, SELSFEBICIEEFFLL 2o T MR 2R ) CERE
LTHRER L, COERLFHEMIC, EREFELES (L3 D E) 2 Hv2EE (Rund2~47) 171
o et

FROBEAZ, HAE LT3N EORBEE2 B TEE L 72285, FrcHIEENANE (2
BEEOEEITE, SOFRBRENED S R X H I 1 R O RFHEIRETHlE L 7.

AR L UERRE AR L ICZ DT,

BH?2 B B 1T 2 R O flE R
(=

Photo 2 Instruments to measure sublima-
tion rate and experimental condi-
tions in a cold room.

— 103 —



B SR B AR JR AT A e

465 19904128

*1 BRFCB T 2AERATEROE L O
Table 1 Summary of the measurements of sublimation rate in a cold room.
(a) FHEHEER
e ANl e 2z H Hle R L7pe
Run R
No ¢C) JEBES b4 =S B FEf & 1R
o (m/s) (%) (cm) (g/cm?) (min) (g/hr)  (m/s)
3 —4.8 5.1 75.2 3.0 0.17 477 0.16 0.017
2 —4.7 4.6 73.5 3.0 0.17 184 0.20 0.020
3 —5.0 10.0 76.9 3.0 0.16 176 0.34 0.043
4 —4.8 9.9 75.2 3.1 0.16 185 0.42 0.048
5 —4.8 15.3 77.0 3.0 0.17 186 0.77 0.097
6 —4.8 15.2 78.2 2.8 0.18 181 0.86 0.116
7 —9.6 5.5 69.0 3.0 0.18 178 0.24 0.032
8 —-9.5 5.5 66.8 3.0 0.17 588 0.23 0.027
9 —9.0 5.3 70.3 2.8 0.17 181 0.17 0.022
10 —9.4 10.3 72.5 3.0 0.18 553 0.26 0.040
11 —9.6 10.0 69.0 3.0 0.17 178 0.40 0.053
12 —-9.7 15.0 70.1 3.0 0.15 182 0.63 0.090
13 —9.2 15.0 73.2 3.3 0.17 181 0.63 0.100
14 —14.7 5.0 61.6 2.7 0.19 629 0.12 0.019
15 —14.9 5.0 62.1 3.0 0.19 193 0.09 0.015
16 —14.8 10.0 62.2 3.0 0.19 174 0.31 0.051
17 —13.6 10.3 67.5 3.1 0.17 180 0.30 0.056
18 —14.8 15.5 63.8 2.7 0.20 125 0.58 0.103
19 —13.6 15.3 68.7 3.1 0.17 180 0.60 0.119
20 —5.0 10.3 90.5 3.0 0.17 181 0.13 0.066
21 —9.4 10.2 86.7 2.9 0.18 180 0.07 0.045
22 —9.6 10.0 77.4 2.9 0.18 181 0.27 0.058
23 —9.5 10.0 69.6 3.0 0.18 180 0.40 0.054
24 —9.4 10.0 69.6 1.5 0.16 179 0.40 0.054
25 —9.5 10.2 74.3 4.5 0.19 599 0.35 0.061
26 —9.6 10.0 3.7 6.2 0.14 656 0.46 0.078
27 —9.6 10.0 69.0 2.8 0.24 58 0.31 0.041
28 —9.2 10.2 73.8 3.1 0.23 194 0.19 0.031
29 —9.3 10.2 73.1 3.0 0.12 177 0.31 0.049
30 —9.4 10.2 73.7 2.7 0.09 60 0.40 0.067
31 —9.4 10.2 73.1 3.1 0.20 610 0.25 0.040
32 —9.4 10.3 74.9 3.0 0.28 275 0.20 0.035
33 —-9.3 10.3 68.5 3.0 0.24 233 0.21 0.026
34 —9.0 10.3 72.0 3.0 0.11 104 0.40 0.058
35 —-9.3 10.3 71.4 2.9 0.10 63 0.57 0.083
36 —9.1 10.3 70.8 3.1 0.12 88 0.55 0.076
37 —9.5 10.3 68.5 3.0 0.15 92 0.46 0.059
38 —-9.7 10.3 69.0 3.0 0.13 89 0.40 0.054
39! —9.6 10.2 74.3 3.0 0.18 210 0.60 0.106
40** —-9.3 10.3 70.2 0.18 61 0.79 0.076
41*2 —9.2 10.3 70.8 0.13 92 0.65 0.064
() (S 7o A
Run Sl FHEB FE R HIE Hi s
N JE1Bu B Bz EE 52| E 128
' °C) (m/s) (%) (cm) (g/cm?) (min) (g/hr) (m/s)
42 —9.d 10.0 68.5 2.8 0.41 486 0.43 0.055
43 —8.5 15.0 70.2 180 0.77 0.108
44*2 —9.4 10.0 67.9 0.40 697 0.52 0.045
45 —-9.4 10.2 73.1 2.8 0.46 202 0.21 0.033
46 —8.2 10.2 73.2 2.7 0.51 207 0.32 0.050
47 —9.2 5.3 70.2 3.0 0.45 760 0.16 0.021

* 1 D FANCEESmm, FE5mm D IZAEIEEDTS.,
* 2 IREAFMEET S,
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speed 7 and the measured sublimation L 7-BOHIESORER R,

rate E, obtained with cylindrical sam- Fig 10 Relation between the relative humidity

ples of new snow compressed to 3em of the air 4 and the measured sublima-

thickness (density is 0.15~0.20g/cm?®). tion rate £, under U/ =10m/s. Samples

are similar to those of Figure 9. Solid
lines represent theoretical calculations
with c.r—0.05m/s.
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(2) X 1R
YA 7o BRER P 5 0B OBEE (KRR OB R EERIICE 2 5 2 LR
#Thoh, EBRMCBUTORAECL-T, HIESNFEELORDD I ENTE S,
Thbb, BEMNICL2HERELS | AT | £ 1°CTH21DT, cT'E gD TDEDH
DOER), ()% AT OEROETIEDHEIENTES, 5, 1ROETIEDD L6

R—M—-oT'=4 ocT?dTHcppcud T+ £ peoulg®(T)+q/ (T) 4T—q) (13)

s, EBEHTTIHABRZEZ 58O TM=0&:L, g=hXq (T) Z2fAAT 5 L

R—oT'— ¢ pcoulq®(T) —hg,*(T))

4 6T+ (cppen+ £ pceq; (T))u )

AT=

BELND, £, D
E=pc.u(q®(T) +q/(T) 4T —hgy*(T)) (15)

L5, BWTERALT AT 2HET 5 L, cul=c.w) BT KD 2 RABEASErN
%,

cpp?(qi®(T) —hqu(T)) (chu)?
1 (4 oT%(q°(T) —hgo®(T)) +pag/ (T) (R—6T*) — (cpp t £ pg (T))Elcyu
—4 ¢T°E=0 (16)

KEEFE LTRIR T tABHEE h B TH Y, R—eT'=0 LIAMUTELZDT, HE S L
KHES EAMEFNTOESHHNOXRABTH D E 2K, (0% THEARSRD 51
%,

Run 1~19, B X U'% OO SE %27 Run THERAROE 2 2587 3 cm, FEHL
0.15~0.20g/cm®*DBEFHR» &, LD FETRS L2aA R 5 L AR EHOBFR 211w
Lz, 85 RBKI LA THS, BRESZIZFAILCT -5 20T, WEAHe[REOMCR
M ZBRERE S it v, JHIEAK, ERFEISURRAHRE I KTFEL R n I b
HET 2 (H132H), WA REUITEE & & AT 2085, BEICIEEREIL T,
Fay b LT - RERRECHENE L5 TnwE0T, IO SERGE & AR
HOMBRESZ 2FEBRAL LT

cou=1.7x10"*U" (17

BEs, 2L, cou e UOBEAMIEIm/s THD,
B2 3B LRI U7 — % &, WEFHAIHOMRER AX 6 2H) B0 AR vz LT
Uy bL725OTHE, unk UDBRIZR T »o5AH- 2, WtEk s v oHEsINEF
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BORTEE, L, ORSEHIIZ1 LD PVAE L, NEEREGE u ik, WEITRHOSHLT
BOTPHW AR TH 5056, RICu=u/2 &3 5760, IR . E#0.042% D, u
EEBIERREINT AEAKEHL I EERLTWS

B RE X AN OBEIR £ M13ICR Lz, ANEEESHI10m/s, FAEREIERE (F s #
3cm, B0 15~0.20g/cm®) DBREDF—F 270w b L, B I VEEBSAEZ THD,
KR, THEEDEE L T ER AR RENICE(E T2 2 3G,

[141%, SHEREFEHHII0m/s TRIRHH - 10C°CORFOELARE & AEEOMETH L
A RHS (PR EEE) B LURES (BB VS #ES 3cm oKLz O G &,
FNENDEM 2 EEOWER O 514K Th A MR LIz b (WufA), FKEICERE 5 mm,
FEE5mm DL IZAFWEA2T L0 (EA) THL ARREAR K IEAar 2320085
te) OREFEIE54. lem?, [MEIERE OXRERM 277 5cm? e L7z, £ 72, MEEMORE I3—RT
74, BHUEO®BERPRAEIW(Md4E L UER | OBFELESNcETHE). OERT
DL, MIREHEEBELLLIINE Ao Tws, BESICHT 28EAREOEZIES DWW
TWwah, FIEOBEOEE T AMEMEIE X2 L5 ThHE, £, FEREFEZM
B LR OERMREBPRREVLON 1 Flb 25, EFEOME[IEH THEAKE L
ZE®, BEOREOEEORAEDIANMTHRAROBE L EPRLL e Eh, ZOER

T - - —r : ——
o T4 -5°C o 75 -5°C
o -10°C i
A -15°C &/ A -15%C &
0.1F 2 E 01 % .
— B c/ T = r o y
= " 1 = - §
£ 0.05F % =1 E 0.05F % E
:.r: I | :: I |
O ul 1l o© B o
o \ Jul
L. ae cpu =1.7x1073U . + e i
% 8
/s P
0.01 L P S | L L 0.01 i T L 1 | L 1 [
2 5 10 20 0.5 1 ] 10
U (m/s) Uy (n/s)

E11 HERE cou L SMEEE U D8R, 77— F12 R cou B A 2o R EFINE O

i Run 1~-19, & & U'% Ot HERET S R A W E T 2 AE u, DB, 71

SEHE & 49 3 em, #E0.156~0.20g/cm?) F1LERL,

Rzt D, Fig 12 Relation between the wind speed u, at
Fig 11 Relation between the ambient wind the point A and the transfer coefficient

speed {/ and the transfer coellicient ¢,u. eit. Plotted data are the same as in

Samples are similar to those of Figure Y. Figure 11.
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0.10 ‘ T T T
| @ T% -5°C g
o -10°C
A -18°C
—_— I ° |
£ Z ]
E A
e )
0.05 |- & & -
ul
=1 R m ©
]
0.5 1.0

E13 S RE cou S AR h OE 7T —
FIEEI10L[F L.

Fig 13 Relation between the relative humid-
ity of the air /4 and the transfer coeffi-
cient ¢,u#. Plotted data are the same
as in Figure 10.

14

Fig 14

465 19904F12H

0.15 . . ; . ,
L A J
0.10 - -
E L 4
£ L o ]
oo
= A i
g
&) B o Qo 1
0.6 &% S e
- oD 4
L o) 2 L] .
[]
L J
0 i = 1 1 1
0 0.5

Density (g/cm®

M FE  cu EHHEEOBFK AksE
5 HS, BBVAES (RES, LI Ea3
cm OMFERERER U ER 3em OFER
HploFmeMB Lo, =M IES3
cm OFHREROREICER 5 mm, HES
mm DL IFAEIHEE>H LD, FT—F i
AR U 23910m/s, SRk T 2389 —10°CD
H O,

Relation between the density of a sample
and the transfer coefficient ¢,# under U=
10m/s and T=—10°C. Open symbol : new
snow, solid symbol : compact snow. Cir-
cle : cylindrical sample of 3 cm thickness,
square : same as circle except for the sur-
face is concave, triangle : same as circle
except for the surface is rugged.

ELTEZONS, 2, HERECSIZEEDT 2 LEEARBIAS (B> TwEY, C
NERE OR X R MO 7 ST FRE OELIREHIERE L, RATKEEIEL L0 eE L

ohd,

R e WEFTHEOE OB S (MEREE OB S) o2 HIsIoRs. 7—-5 i), 4
MR HI10m/s, FEFE (BEH0.14~0.20g/cm®) DD TH D, FES 4emBEZ TR
ARSI E OFE S CRFEE T, dom ##B2 2 Lo0BINT 2EMERT. hix, K8
RLI &SI, REHPLORESADEENEDES (4cm T IKEFEL R LI LIEHIGT

5.,

ZIT, A 7o rEIREHASOSSEEO LIcERS A BERE I oW T EE S
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0. 10 T T T T T T
| o T%-5°C 4
o -10°C
[ & -5 &l
L o i
=
0.05 - ¥ -
o L % ,
u = -
D 1 1 1 | 1
0 5

Snow Depth (cm)

415 BESRS cou EMBFHBOFToES (AB0ES) ofE. 7—5 i, AEEE U »
H10m/s, AEIRHFSHRE EH0. 14~0.20g/cm®) D b D,

Fig 15 Relation between the depth of collected blowing snow (thickness of a cylindrical
sample) and the transfer coefficient ¢,u, obtained with cylindrical samples of new
snow {density is 0.14~0.20g/cm?®) under I7=10m/s.

LTH%, HigEAuiEBRomBcENoRn+*5EEE L, REOHEFZ/MZM %
ELl., TOBER, AHEECI>FMME(E—27M) 120.2mm BT Th o (ZFHmD T
R, WEBR TORNFERLI00um FIETH 5506, EEICREFTRTICE 2WRER T
OFRMOMIMHEIEETH S LHEESNDS), ZOEDP S, BRBORMIZER I ERNICES
WThHEHEZONSE, WEHOBEZE(=8.3cm) 22BN LRRILETSE, u=u/2 =
0.5~2.5m/s &R LT A/ VAH Re 1,

ReZ%—S.lxl[)zwl.SX 104

7% %, Schlichting (1979) i X #LiE, ERJIFERNIIE & i PAR LI ERL & 1 5 B AE
Tid, ZOHEMHD Re wwxfL T

cp,=1.5X1072~6.8x10"°

THY, cold Re(T bbb ) DEINE &bt T 5, 7, ALEENEOHE LD Re
LELITEAT 5, BRySABAOEBREBIZH ZBAICIE Re &£ L ITOPENT 5.,
fE->T, MI2IRLEF—F 0 oEo i o OfE & uikFE R, WEFINTBOSHLO&RT
LB Esn AEREN, P LH /LT LD E 7 BELRESRE L 3R E 5 2
EERELTWwE,
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—F, ZhETIEIRENTE2KR L ENRROFAESEMES N T WS, (Oura ef al., 1976 ;
FHH, 1977). REEENNSLHEICIR, SAKROEE LD B KEIMESERIC
TR RESAEL, FEIETCONETOFICEIHSAD 82 D EAREVNS { &
D, MERROTEREENETILEZLILLTES,

ZDEIW, 44 7oy BREHNHOEREO LR SN2 EREEE 2 2581T,
FEHOMMOBMENLAKESOAREZ LRI TEL, BNSROTLELEEOETELD
PVEEHDBEIICEDbRS, £, ZOZLRFNMcBTIERREOEEH LOFERE S
E22HB0 b, PROFEIRETHSI,

6. AXEBEZRDHDEFv— b

LIHETRLEFEIED S, FEOSRLMN(RIR T, AEREME U, HMEE h) Fici i
%, ¥4 7o BREHNTICE > LRERNTFOFERE 2K 500 F v— b E{EERL
7z (B416), (a)izh=0, B)Eh=0.5, ©)iFh=1DEAETHH, AOMERBERKERL TH3,
EI5 X0, FERIHENEE L L ICERNICEYT 20T, EEOHMHBE NS 2 7
B 3@~ » 5FAM o LEEZERAFEL TRD L LN TES,

ZOFr— i, WEHNEOFOETMEE54. 1cm? . L, FI11LIZTR L 72 R cou & 94
HEHE U OBIRICE T TS - T, BREFTHIMICHE S-SR FORES0.15~0.20
g/em® T, i DKFICRF B B|E TN T 5 b O TH 5, 1989FEEOAFT I Rics T 28T,
BEI0.12~0.24g/cm* TH > 72O T, LFEOBEHBHA Y EEZL NS, 2B, BIE R
ERMEWEELOT, FOREBEMEL 254, AEERIOFv—FDMEIDKE RS
LEZLND, £, TOF ¥ — i, EBOREREROIERZGEEZ, R—cT'=0 W/
m2E LT L7228, fl2iE, A< BT wEx &, KEHONEON - HEDRE
EBRREL B L IRESR.NEEEICEMO D HERITL Y KE %5 (Appendix 3
20H).

7.% & &

Y4 7o BEREFONFHICHES L ERENFORERE, B ORBICED &ML
DI8TA—F %72 THERENCHEL 2, 27, RREATRE - AEZOEG2EZITH
HEROUEERETo N, ERERBLTOMED TH 5,

OEmstEC L hE, RERRIKR, BRORERE(KEKOBEFHE IZZEFL W) L
oy cing 0%, MAMBE L &b CERMCES T2, £, EBRORBREROTIRSE
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WwERNEC T THEOEE I OWT Akl

(G) h=0

LA S B B LI AN

-005

(b) h=0.5

conditions (air temperature 7°, ambient
wind speed U/, relative humidity #) for
| R— o7 | £50W/m?% The surface of

collected blowing snow is assumed to be

@ »
~ ~
. B
= o

e \;

; =

0 W gos.‘ﬁf.— 0 I .OSIE‘:(DDS; o | \
-20 -10 0 -20 -10 0
T 0 T o
Eie 44 7o RRENRICE > SR
(c) h=1 DHIER E(g/hn) &, KREHFGET,
a0 =TT T T SEEE U, HRE ) » ek 2 F v —
| ,//// ] b BBl REREORSHF ORI
— *

I on 1 #10.15~0.20g/cm?* ¢, KFEZEY, | R—

L ] eT* | <50W/m?DBE, @)L h= 0, blii

- e - h=0.5,(c)iz h=1 OB\E T, AOE HERS

1 2FERT,

g — 4 Fig 16 Sublimation rate £ (g/hr) of the col-

= 10 2 7 lected blowing snow in a Cyclone type

= 4 collector as a function of meteorological

T T T T T T

-0.05<Ec<0
: | ‘ flat and its density is assumed to be
9 Tio 0 0.15~0.20g/cm®. (@)1 h=0, ®):h=
T o 0.5, (©): k=1, and negative value of

sublimation rate means condensation
rate.

BFTRYLEZ NS | R—oT | <50W/mOfA TR, AEREIER-cT'LLblzbd
pIERINT 5, 7270, RIGIEMICKEFNFZOEOREICE T 2 ANREREICEL <,

T i W{mf’%%}
@4 JEE T HAAL L AR BN O R O O 1, ANERBECEK S THMTSH 5
it,W%ﬁﬁ%@ﬁ%ﬂﬁhﬁ%ﬂﬁt%%mﬁﬁlﬁlEﬁmﬁﬁ%h,Wﬂwh%ﬁ

DIARPES IC b £ VIREFEL RV,
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@XM « BHEZ2HBEL TT-o tREROIEEBROERE IEMFITE L —HL 72,
@AEENI-REED S, BIERICBT 2RKARTH 2 REFFHLOE OFE (KFEX)
OIEARE R R 72, BRI & & b inT 545, KR, HAXHEE, WEFHW
WOFEOESIIFEAEKFELZ W, Lal, HISHAA0OHEIE, WMEAREEEHEREL L
bEAT 3, ZoMEEE, REFGHLFOEO LRI NLERELE 2 5, BAK
WOFENHEHTERZ W L 2TRT 5,

OBEYRRED b £ TREFHNTOE OB RER) OERFREEZ KD 25, §0.04
Elral.

®EE L DB SN EHA R AT RFEOBFRE b LT, [REMS (TR, FHBEE, tHx
BE) o AERERDELDDF v — b EERLE, 2OF¥y—bickb, ¥4 7o HK
EHEEAL TRER2HE T 2BOREOLELES CHE I ENTES,
ERETRLILEIIWE, ¥4 70 BREHCREEFAET 255, LHO@EEOIR
T TR, BESNREMTOREL L 2EROBD BT Shivy, FEOREINE
HWTELZLELRAZHORREFCPREORBICL 20T, REBEIERIIKRD S 72D
i, TOROSRFGELIVFEREENL, HECIoTEMELZThE R olw, £0
7o DI REI6BERTH 523, ZOXDIEREEO WL 2LORELR T, ROL5%
BAROEBRLETHE. Thbb, WEHPHFHCLVFRT 2020 C-0a0ICE
E4 5, WENKTLILREBCEBZHET 2ETHS,

o &
FHERZEDDICHID, YHMORNEELIR, RHBRIKEEE 2 HEER,
R EEMRE, REAZKEKERPIAFOMRBIERS 2 fIRER, RALAF OHREM

FEEFcdHERELa A P REGT, 2/, EBRTHEML RERS LB ESE L D ER
Lz, ZZWRBLTEH#HOELET.
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Appendix 1 FAES

Ce A 7 BRENHNEOSEOARIEMXEOCEREAR, 270, c/a=1.12%1
cou ¥ 7o RIREZINEHIOE OKETEL OBEEGRE
Co oA 7o RIS PR D E OB EE R OISR TR
cou A 7o EIRE RN O F OB O R
C, I TEROHE
E 144 20 RREFHNEOSE OAEL (BATRESD )
E A4 7o BAREHNFOZE0ORIER (EIS0EAER 2T -6 0)
Gy YA 7o L BIREHOMNE 2 E S (R
h I EROMHNEE=q/q."(T)
H ¥4 20 EWRENAFOSECH TS FE = 5
0 IKDFRFEOFH
LE [ H4 70 BEREHNTOFEICE TS LA & B
L ¥ 7or-BREFORENZES
L' ¥ o yMREFNEOEmMIZ BT 2 TS BHERE
L' 44 2 oy BIRFEHNTOZEICE T 5 A 2 BEHE
M YA 7o RIREF RSO SE ORISR
q I EL O
Q VAo ARFHNHOEOREELICES LR
a’ kR L ERILLE
Q' :=dg?/dT
q” I =d%q%/dT?
q"” i =d%q°/dT?
Qs VA 7o rRIREFATOF OREIC T S R (FaiRE Ok
g D KEICH T A B H
r IEBOT AR
R YA 7oy EREHATOS R 2 A7 ¥ —=L' — (G,+Q)
Re LA /) ZA#H—ul/v
Ruet ¥4 7 0 > BREZNEOEMIC B 2 EMA TS
S LA 7oy RREHATOSFEIC BT 2 T S SR (048
T S5
T ¥4 7o HREFONEDRE
T, ¥4 27orRREHNTOSORMRRE
u A 7o RIRER N O S OFRENTEE O A R (PSR E )
U D% 7o o BIRER O AR O BGE (SR EE)
B 20 RIRER OB (IS OSHE A OEE SRS E L0 A BT 5 HE
68T :=T.—T.
4q ¢ =gs—q
AT 1 =T,—T
e [ HOHINE=0.98%1
& YA 7o YRAREFHONEHY) O5HE=0.90
v R OBFERE
p TR OERE
DAF T 7Y BV YER(=5.6TX 107 W/m? /K
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Appendix 2 Y- 7 0 CRAREHADBOBTREIC S5 RIS

EOETEEE T, REHONSOREY T, FEAEOHHELZZTA TN e, &L, FERFLER
T5HEEHRAKCE TS TREREREL 2
i g8 T+ {1 —g) edT!
b= 1—(1—e)(1—&) W

Eiz, lmEREEAESNEIL R

g0 T+ {1 —e)ua T
1—(1—e)(1—g) & 2
s, e—0.98=1, &=0.90HEOMEF)THEp MM ELT

L=

L =eoTd+ (1 —e)oTs? (A 3)
L' =oT. (A 4)
BiFoRD,

L OBERIEE T LEED,9F X — F R—eTHT F5R) 13, FHHAG EFROZCET S8 Q %
fizh <l

R—eTi=L —0oT*
—eoT A (1 —e&)eTd—oT?
= 4 (e86T+ 4T)aT? (A5)

rREAND, 2L, AT=T,~T, 6T-T.—T.Th ", Tk 6T % T kb D TEML, #hE 4T,
ST M 2L LOHEERLTH S,

AT & 6T 3B OBFEIC LD AW Tk uwss, (A TT=—10C, 4T——-5~5C, 6T——
10~10°CeF 3k | L—eT? | <50W/m*Ei s, B8, COFRFIRESREL T D LS AR ERC W E 2
Nark#EzoND, £7, MRECET3HSBOMEHEBR G, | 4T [ 21°C, [T | 21°CTho 1,
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Appendix 3 ¥4 70 BEREBEHONES 4 ELCHEAB G ETRENELICETIHQ

WCERERFO L 5 CHETTHREAH ORI, 1 7 0 BREFHONEONSHEOREE NS L ER
bhz, Ll, WENBEE D RESEEL 2R, [SIRSRAMICELT 3 L) 2RHLAR|RFETTHE,
WS BEDIRBEZESE L, WEIClr > L FORIGL () 2E 22 LT, CEHRG L FROE(CET 55 Q
PIETEL R HWHEMEY DS, ZZTHGEQEHEALTAS,

WEFTAEICEEED . 2g/cm?, 2 E 2em OFHAFCE > T2 BE2E 2 5, BEHEIWRSEET O KR & {
E(ES 2em OFF) HOFREL 6B LKET 2, BECDLTEAEOEEOMREREATES, 4
OB S % 3mm, BEEEL0.2W/m//CEEEDOME) & L, HBR—NEE= 2"CtThil, EHHIX] 5W
EnE, ChAEEOREMGL. lem?) THS & Go=—210W/m?L 25D T, R—oT'=0 Wm? b £22 2k
iETEE,

R—oT'=200W/m?, EMRE cou=0.05m/s (SRS 10m/s i) DFE, SR T=0°C, EMEH
h=0.6Tit, AERE.=1.70g/hr £% 0, R—cT'= 0 W/m*0E& (K 4 (@)ZM8) £ 00.58g/hr % < & %,
%72, T=0°C, h=0.8TIXE.=0.98g/hr %D, 0.43g/hr <% 5. L L, h=1 DHEETE, Wk
ST BLMET 520 E.= 0 g/hr TELS W, 72, [ 0°CLDVEL Tk 5 FEAERIZR—T!
EIRFELZ RS,

IO XL, AERICTT ZRIFHONE L2 ELREHAORER, [EVE (HEHEENNS IEEHEEL
50T, TOLIBRT[REHTT, FRETTLULAEROF v — F (H16) 2 AT, RERORES
RELDBUREMELDS, 5T, o COREFTON - ABEOZHAE {aoh &5 B THRHHIC
FERBEMCOOBICEET 2H) P, MRSKTHRES CEREZAET 2E50RA LOEENLE LT
5.

iz, b EFRRITET - T 2 B 1 B 5 CORMBRE(L % T h i, BREOZEIZ0.06W £ 25 (12721,
ZORERE 4 x10°)/m*/ CE L), ChEZOREMTH 2 £ Q=11W/m* L& 5 DT, Q RENZ Iz E»
THEATE S,
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