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Flow-Visualization by Means of Soap Bubbles on Snowdrift
around the Huts at Syowa Station

Toshio SaATo* and Toshio HANNUKI*

Abstract : The wind tunnel tests were conducted in order to predict pro-
files of the snowdrift formed around the buildings with the pilotis built at
Syowa Station in Antarctica on the following assumptions.

That is, assuming that the snow flakes in the wind velocity fields exceeding
the certain mean wind velocity flow along with the wind and the other snow
flakes in those fields not exceeding it tend to accumulate on the ground sur-
face, the profiles of the snowdrift around the buildings can be predicted
under the blizzard.

The results of the wind tunnel tests (the flow-visualization by means of
soap bubbles and the measurement of wind velocity distributions) using two-
dimensional models are as follows;

1) The profile of the snowdrift changes according to the surface friction
velocity of the surface boundary layer U, and the altitude of the pilotis 4.

2) The profile of the snowdrift can be predicted in the division of the
wind velocity field at the altitude Z satisfying in U/Us0=0.5.

3) The variation of the snowdrift profile can also be expressed by the
index K (eq. 9) of the fluid energy of the mean wind flowing the pilotis.
Since the index K is a function of U and A, it is useful for the planning
information of buildings.
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The mean wind profile for the surface boundary layer in the wind tunnel test-II.
Uso; Longitudinal component of mean wind velocity at 50 cm altitude in the wind
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tunnel.

Mean wind velocity at X=2500mm (model-I)
Mean wind velocity at X=2500mm (model-II)
Mean wind velocity at X=2500 mm (model-III)

The turbulence intensity of U at X=2500mm (model-II)
The turbulence intensity of U at X=2500 mm (model-III)



No. 62. 1978) vy RVERIDBMADAGLEBOKEIEED 5
3.1 48 @ B
3.1.1. BARAADHER 7 LV IcBE T2 AU

BRACEBRO BRBRZBHRT A, BE (1963) oRETAHELUA LY, kD2HH
DL ERE L.

1) ARERBFOFHRAER IVEhOBRIOHELS M, BRBRHOERIEEALUT
HH L.

2) BEEBBTZ 7 —AX7 b rOHBRBRADZTh EALUTHS Z L.

ChoD&BLHET o L2BEILT, BRB ry 70MALRIC L VIWER =T L
TIER Lic.

REEEEA OB, B RET O PHRERES #1221 CEb 2 h 5. LUERS

10270

2:Uo=40mis /

Eq.1:Uo=38mis

Eq.2: Uies13.7m/s
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The mean wind profiles for the surface boundary layer model.
Z; Altitude from the surface. Z;0,=10 m.
U; Longitudinal component of mean wind velocity.

Uiw; Longitudinal component of mean wind velocity at 10 m altitude.
Juz; Root mean square of turbulence.

Fig. 2.
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L, U.: &E Z TOFHREKFERSS(m/s).
Uyp: HEREEREE (m/s)
k: H»r=vER (k=0.4)
Z: #EIIOHE (m)
Z,: #EREHER (m).

U,=0.0349 U,, }

(3.1
Z()ZIO.4 m
7L, 0<U,,<13.7 m/s.
U, =U,/(36.58—0.575 Uy)
} o

log,o Z,=(0.096 U,,—5.3)

t272 L, Uyp>13.7m/s.
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S EE 6.169 (m/s)2, Z=125 mm, 4 & {E 18.877 (m/s)?, Z=375mm
Fig. 3. The power spectra of wind velocity fluctuation for longitudinal components.
(Standardized); variance; 6.169 (m/s)?, Z= 125 mm, variance; 18.877 (m/s)?,
Z=375mm
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Table 1. The combinations of basic wind velocity and altitude of
pilotis ; h for the wind tunnel test-I.

h (cm) | h/H | Us (mfs)
3.0
0.0 0.0
6.0
3.0
5.0 1/3
6.0
3.0
10.0 2/3
6.0
3.0
15.0 1.0
6.0

FEREER JOWERSE: (EALCRRR, KPHEBERERR (ARELERREE

BHiEsk) TH 5. kAL 900X 1200 mm DOEHME T, PETIIAKH LI TED,
ZORIF1TS0mm TH 5. = TRIEADAIFILOMMEOEE NG, KEREY 3. 1m/s
26 6.4mfs OFFEATRE L. KEREDOPEL~/ # — 2 L BEBXRET (BABEL
¥, =54 243111 #BWTfiote. Tk, TRMEROF = » 277 —2& LT, BEAE
AoRES i BRERBMRTET (BABFELE, =54 2lser.) ZAVTAE L.
PEE L, BRAKE (X)) & LCRECEARRA (2) ThZhicowT, 100mm 7Y
FOXRKREL Lic. MEGTZREMIBEAKELXRF-> TH20T, Zhx FREMLBTR—
SlpLicr Xowcavbr—a L.

Tikx AL OFARIEERTIE, Fiké LTRE 30mm O X howHlLe 54%
BwT, ChxTBEE LA 0.1mmé © 7 = vk 100mm RfE (BEHE) THY
DT,

Y RVERBOLTAORILEREBEY N4 iRT. Shk, BRRKHEAETA b
P—KID,&E—%@@%%07+£>£%%$3%1,%*Kﬁﬁ?67+£V£®ﬁ
P A+ e REBYRAWTEEARETL VAT ATHS. A e REBIHHRER, =71
Il (= +=2+£51 +; Lux, FT-25, Xenon discharge tube) % U 7c.
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Fig. 4. Testing equipments of flow-visualization by means of soap bubbles.
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FEEIT PO BMHE A 0, F5RT 100 mm $F5(F - 7.
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BHIR JOEROME . FElREMAMELIOARAL ~ ¢ 2 v — F LERRRELTER

Bzt b L7 2IRITTEENZ DT, EDEUDOE M & BE S izl L, flow pattern

* 2 ARFER I cB+25R8 XERERSIUCrT 45
SD#AFHE
Table 2. The combinations of boundary layers, basic wind velocity and
altitude of pilotis ; h for the wind tunnel test-II.

Experiment II-1 Experiment II-2 Experiment II-3

Profiles Model-I Model-I1 Model-III

h (cm) | h/H |Uso(m/s)| A (cm) | h/H |Uso(m/s) A (cm) | h/H |Uso(m/s)

2.0|0.1333 | 16.60| 3.0!0.2000 | 16.20| 4.0 0.2667 | 18.07
4.0 0.2667 | 16.50 | 4.0 0.2667 | 16.20 | 5.0 |0.3333 | 17.01
10.0 | 0.6667 | 16.20 | 5.0 | 0.3333 | 16.28 | 6.0 | 0.4000 | 17.91
Varieties 15.0 | 1.0 16.00 | 7.0 | 0.4667 | 16.45| 8.0 | 0.5333 | 17.97
of A 22.0 | 1.4667 | 17.00| 8.0 | 0.5333 | 16.53 | 10.0 | 0.6667 | 17.33
9.0 | 0.6000 | 16.62
10.0 | 0.6667 | 16.70
12.0 | 0.8000 | 16.70
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BIEHE LCEE — b (Wi © 2000X2000 mm, £ & : 5300 mm) %A, HEXF
5 Y. R AREERAEIL 3 1 WalR~IAELIA S, BREADKRAM 45m/s X HE L
T (FBFEho A IR kBaED i X 5 &, T oRKEEIIE L% 30~50 m/s TH
5. Zhdbh Up=45m/s £ T3%), 16~1Tm/s OFFTHE L. FURAEZLE b —&
L EREMBGR TR CH 5. FORBERL D+ — bk XTOMEZLMATOREERE
ik, FHAA 3 RTMBVEE Y Av e, B omEREREYBL T—ETH 528, 2 RILE
HHTOEAEOHEYR/INCT S L5 EE LT 5. MIELERT BB TER IR
BUTRICERE L.

\ I 4.\
Wind d Tow dimensional mddels
irection }
I:b BxH=300x150 g
f /8 N
X S Y —
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5 BURRIESREER (BURSEER 1I)
Fig. 5. The section of experimental space in the wind tunnel (wind tunnel test-II).
EEAEM : 2 RILEAL, FHEERELY = -2 R (lRE 3mm) % FAWTEEL R
300 mm, X 150mm, £X# 1900 mm OAEETH 5. Zhr BIRRIELOMETEE I
LRFEEZFESEYH TRWCEACEE L.
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FERIC BT A ERBIL, MEZEMEEChs TRIE—ETH h, Biiitho$He Rig
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BERLELZETHY, FHERE LT T EETNEEENEDR L EL D, E
B 11 i2is\ T b R A FRkC A & HE L

Bl 6 WRIZLAINhDAIRILER (Usx=5.9 mfs, h=5 cm)
Fig. 6. Flow visualization by means of yearns (Usy=5.9 m/s, h=5 cm).

V(ms)

06

05 / .

04 -

03

\ /
ol

7

00 P
10 20 fmer)

7 v R VEDEREEBEUREBOUMEEDRMR
®; XIrAREHEICIIERE
—; V=2.4%x10"5¢*4+5.2%x 10~4¢2+7.3x 1073 +2.5x 102
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Fig. 7. The relation between the diameter of soap bubbles and the rate of
sedimentation in still air. ’
®; Measurements from photographical survey by means of strobo light.
— 3 V=24X10"5¢*+5.2%X 107442 +7.3%X 10736+ 2.5% 107
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B8 R+, rAOBEABCRITHY v RVEDEE (Us=2.9m/s, = } = AF; 100 cps)
Fig. 8. Loci of soap bubbles in the surface boundary layer model before the model setting
(Uso=2.9m/s, strobo light; 100 cps).

R v RVEZ IBHADARIITONTAHNS . EEARED > + A v EERE ($mm)
EZOURERE (Vmfs) OBFRER TITRT. ELEARWIEZMTO ~ » £ v EOE
¥R 8IZ, BAYBNTBEOTNOBETFE, h k72 —2 LTNICRT. AERT
ITA bR REBONRE, 74 L AREDHKND, v A VEERY 15~20mm & L1,
COKREITR, v+ AVYER Pv—9—L LTFIRATEACE L TR, ERRETED
DEENARETECTF—2DOEHEKRELSZECKS. =, ZE8AEr » 7 v 7 (1969)
IOBRTFOETEELRANS &, BHECIIHT, SRS - TREBM, X% 0.5
m/s BEREZEEL DR, THIXERO Y + RVEETEECEE-HLTWS. Th
Ly, SEOREOY i s v—va vELTULET T L EEL LS.

OFEORFRL, MhOFHRITEA LI, (JFVHE R LIG2 > + A v EBBH
MFRICBL DI LRIV IRTEBEIT L CLEAMKLZ L THD. e, AP FRE
KL BE»BREF M T URCBET 22 E b KD, ZOFETRDLEES Y,
BURTOREHC LA RER LB L 0RR 10 1ZRT. 2hib, Slhodicnw ik ToH
EEDOTE DREIRKT 18% BETH L. RAHECSNTH, v+ HvEC I,
AL DTSN TIREL 725 .

UEDZ e FhorBIEOFIRC XY, BHEL0MIOBIEZ LB T2 2 L 233K
. Filo, BZERMLLTOEBZMBIETTERLS, ChIVREEE OB OLKELRS
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Fig. 9. Flow visualization by means of soap bubbles.
(@ Us=2.9m/s, h=0, strobo light; 100 cps
(b) Usx=3.2m/s, h=5cm, strobo light; 100 cps
(¢) Usx=3.2m/s, h=10 cm, strobo light; 100 cps
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. Fig. 10. Velocity ratio of soap bubbles from photographical survey

by means of strobo light and normalized wind ve
tributions measured by hot wire anemomaster.
(@) Usp=2.7m/s, h=0.
b) Usp=2.7 m|s, h=50 mm.
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Fig. 11. Experimental K-h relationships for the air flow in pilotis (wind tunnel

test-1).

K; An index of mean flow energy in pilotis (eq. 9).
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log,o Kexp=alog 1o A— 5. (8)

ZZT, Kep: K (G5 9) DEE(E.
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> TEER TV A THTA, 0% ERET 50, H#HT220RREELTREORDT
TH5H. TOHE, BAR (1971), Ik« B (1975) 1 X % EFIZEM TORSHI T — £ H
12o0BHRRS5. Lrl, EBIIZZORES, i) OLBEEH-ETHE I L
HEXLIhB0T, & TRERET T OFHRERES FOBH b, MFE LB
PEEL, CCERBRTOBHOLRVGERTIHEOBEVEBE LT, UU,=05 LE5
MRTRETK S THZ e Lic. Thbd UlU,y=0.5 L EDOEESCRIFRFIRICE
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I5ETDLDTHD. KL, 2D UlUy=0.5 &5 5HL, ERBOEECLERRED
LOFTHREBSDTHDIND, —HHCIE UlUsp=C (C BHREOIEECHEUERED BIK)
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Fig. 12. Uniform wind velocity lines around 2-dimensional model in surface boundary
layer model-I (wind tunnel test-II).
(@) Us=16.7 m/s, h=0
(b) Usp=16.2m|s, h=40 mm
() Uso=16.8 m/s, h=100 mm

TEALTWS. ZOEXFTELVLDIZ, 40mm<i<100mm DETHS (X 13(b)).
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Fig. 13. Division of the wind velocity field at the altitude Z satisfying in UlU5=0.5
. in the surface boundary layer model-I (wind tunnel test-II).
(@) Us=16.6m/s, h=0, h=20 mm
(b) Usy=16.5m([s, h=40mm, h=100 mm

sz%(g)dz (9)

ZZT, h; ErT 4 BX (107°m).

ERT— 200K 9) HET L LDCRORERE AV, e 7 AOROTHIIL,
AWHEE & 0 D MHSREGEARAARELTWBHDOT, ZZTEN ¥ 1ITRTE e 7 4 Z8f
C DRET —2%BWTR (9 RiELA. k%7 — 2 Mo BRE> LR (1) THlE L
TWwb., 20 K OftEiEREECr 7 4 @S h OBGREN 14 17T, ZZ TN 13 LR
BOMWENGHHEES. T7bd Kp=lcm &b r 7, & (h=044H, O R
FAamS 1.32m Y TR) B, TORERLF IHELXRES B IS EE LTHEHMRS
hxts.
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Fig. 14. Experimental K-h relationships for the air flow in pilotis in the surface

boundary layer models I, II and III (wind tunnel test-II).

©; Experimental means in the surface boundary layer model-I

O; Experimental means in the surface boundary layer model-II

O; Experimental means in the surface boundary layer model-111
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Fig. 15. Profiles for the altitude Z satisfying in U|Us,=0.5 corresponding to the
variation of the altitude of pilotis ; h.

(@) In the surface boundary layer model-I1.
(b) In the surface boundary layer model-III.
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