Journal of Ocean Engineering and Technology, Vol. 3, No.2, pp.535~544, December, 1989 535

®Technical Paper

Simulation and Analysing Methods of Snowdrifting
around an Elevated Building in Antarctica

D. H. Kim"*

K. C. S. Kwok** and H. F. Rohde***

(Received November. 1, 1989)

Al By BiEe

T 5

BERR o ok BT R

% & #-# o F**-H F. Rohde***

Key Words: Antarctic Snowdrifting (Ft& ZHHeH %), Atmospheric Turbulent Boundary Layer
Wind (KRIERBEBELI), Wind Tunnel(BUH), Model Snow(E &)

¥

#

wES THRSS BRER) Astel S AFNRERMERE B <=0k

EARTEEC #IfF BESACH A 100mm Folol HiEAL A

58 ¥4 5ol K

BERD MAste] HRRBIEANS FEEA A FERE D Bie AR r’ﬁt%ﬁ%-%

dakeitgel ¥ Ale wlsd WAl
firEe) 78 Azl o S

=it 2l KBS WHES
Aol Zhak A Zsle] I E v @Ry R

7] $laje] o

Zolol HERS el %Ql ol MR v4elA)(1982)0] B AR R} HEH %o} Moire

fringe 7}vlleb-g {3 A 5t

cessing unitS FIAEte] ST E ML §

#S Hprshadch

1. Introduction

Antarctica with its flat topography and katabatic
phenomena has one of the highest wind speeds
on the earth, and the most extensive snowdrifting.
Snowdrifting around Antarctic building causes
problems ranging from inconvenience at entran-
ces to their abandonment when innundated com-
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pletely. Between these extremes, problems vary
in danger and cost. They include: covered win-
dows and vents, blocked fire escapes, psychologi-
cal effects (Holmes, 1982), high energy consump-
tion and buildings being pushed off their footings.
Given this realization, Antarctic building desig-
ners are thus confronted with minimal research
data on snowdrifting, especially around buildings
and structures.
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This study starts with the evaluation of simula-
ted turbulent shear flows in the wind tunnel and
test results of a number of different potential mo-
del snow particles were reviewed. Model snowd-
rift shape around an elevated building was com-
pared with the field data collected by Mitsuhashi
(1982). Since the shape of snowdrift has complex
form, there has been limited analysis of the sno-
wdrift shape. This limitation has been overcome
with the combination of Moire fringe camera, ine-
xpensive image processing boards designed for
use with personal computers, and contour analy-
sing software.

2. Development of a Wind Tunnel

Preliminary snowdrift modelling study was co-
nducted by trial experiments in an open-—circuit
wind tunnel. In that experiment, model snow par-
ticles were introduced into a 400mm X 600mm
working section and then discharged into an air
-bag  which measured 3m X4m X3m. Unfortuna-
tely this method resulted in a severe dust prob-
lem, required considerable manning for its opera-
tion, and constituted a health hazard. Consequen-
tly, it was considered necessary to build a closed
circuit wind tunnel. The new closed circuit boun-
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dary layer wind tunnel is made of particle board,
plywood, and steel angle frame and is capable of
producing wind speed up to 10m.’s in the 900
mm wide and 600mm high testing section. The
side wall and roof of the testing section are made
of transparent acrylic boards and the roof section
is removable, The fan is driven by a three phase
motor rated at 154W and a variable speed cont-
roller was fitted to control the wind speed. The
wind tunnel is shown in Plate 1. An elevation and

a plan view of the wind tunnel are described in

Figures 1 and 2 respectively.

Plate 1 The closed circuit low-speed boundary
layer wind tunnel for snowdrifting study
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Fig. 1 A plan view of the wind tunnel
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Fig. 2 A side view of the wind tunnel
shows a summary of various model snow particles
3. Model Snow Particle Selection and used and experimental techniques performed by
Snowdrift Shape Analysing System other researchers. Although a simulation of snow-
drift with a high angle of repose is considered a
Most researchers pointed out that the angle of very important factor, none of those model snow
repose of model snow and prototype snow (at particles has achieved this desirable property.
greater than 90 degrees) should be approximately Anno(1984)” has achieved the highest angle of
equal for simulation of drift patterns. Table 1 repose, 40 to 50 degrees, by using fine activated

Table 1 A summary of various model snow particles used and experimental techniques performed by
other researchers for snowdrifting modelling

Name & | | Test facility Flow Structure | Geomet. | Partle  Repose
Refer.  Year & size gw)  charac. | tested | scale | Model snow | size(m)  angle
Finney 1939 open circuit  N—A Snow 'N/A sawdust & | NA IN/A
wind tunnel fence | Mika Flake B o
Strom 1962 open circuit non- Arctic 11710 " Borax 0.1 N/A
et al. wind tunnel scale building ‘
1%X2x915 | layer |
lversen 1980 open circuit turb’lt highway 1./60 - Glass 0.05 | 34 deg.
wind tunnel b’ndary 1./20 Beads
o 12X12X915 jlayer 1 T T R
Tabler 1980 frozen lake full Snow 1730 natural N/A N/A
.. (full scale) scale fence snow L
Anno & 1981 open circuit N/A Forest ' 17300 activated 0.0015 NA
Konish wind tunnel & snow | clay
. 08X08X10 - fence ., particles -
Kind & 11982 open circuit | NA snow 1720 expanded 0.6 30 deg.
Murray wind tunnel fence £ 1,740 polyureth- 0.2 35 deg.
A S 1 lane & sand | o
Anno . 1985 closed cir't turb't elevated 17100 activated i 0.0015 40.
| wind tunnel bn'dary | Antarctic | clay ! 50 deg.
| 04X04X5 layer _building . particles
da Matha| 1985  open circuit turb'’t two level | N/A fine saw- | 0.297- ' N/A
Sant’Anna wind tunnel br'dary flat roof " dust 1 0.250
& Tabler | 09X09X10 |layer . building ‘
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clay particles.

Ten different particles were tested in a search
for a suitable model snow which produces the co-
rrect drift shape around the Observation Hut of
Japanese Antarctic Showa Station as per Mitsuha-
shi® Table 2 shows characteristics of model par-
ticles tested in the wind tunnel. Commerical so-
dium bicarbonate (standard grade), with a high
angle of repose of approximately 90 degrees, was
found to produce the most realistic snowdrifting
shape. In addition, it was commercially available
in large quantities, economical and is not explo-
sive in the closed circuit wind tunnel. Corn flour
and co-polymer both have favorable characteris-
tic but were highly explosive in the given condi-
tion”. The bulk density of sodium bicarbonate was
approximately 1300kgf.”m* and the statistically
measured mean effective diameter of the particles
was approximately 50pm. Plate 2 shows a photo-
micrograph of sodium bicarbonate.

The model snow particles were distributed to
an approximate uniform depth of 20mm at the
beginning of the working section before the wind
tunnel was started. Wind velocity at the centre of
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Plate 2 Photomicrograph of sodium bicarbonate

the working section was maintained around 6m.”
s. The particles were picked up and suspended by
the turbulent air flow and circulated in the wind
tunnel. The simulated drift around a scale model
of the Showa Station (1,/50) was compared with
the field data of Mitsuhashi® and shows good ag-
reement as shown in Figure 3. The reverse rim-
ming formation at the leeward end of the roof,
which was commonly found in Antarctica™, was
realistically simulated as shown in Plate 3.

Table 2 Characteristics of various model snow particles tested in the wind tunnel

T Particle Density_ !
Name size (um) (hgf/mD | Cf)mmentsi -
Aamide White granular
Acrylamlde 3 800 Highly water swellable. Explosive
Copolymer L B ~|in the given condition.
| Wheat ) ‘ 3 690 Fine white powder N
__ Starch B Explosive in the given condition.
3 . Calcium 3 550 White powder. Cohesive
| Carbonate B} o e —
" High Grade High purity natural hydrous
4 i Calcium 27 700 fine particle size.
l Carbonate o o Cohesive o -
o High purity natural hydrous
5 : Fine Kaolin 1 400 aluminum silicate. Very
N B | cohesive o o
6 Crystalline ‘ 7.5 1200 White powder Coheswe
i Silicate o e oY — .
' Magnesium | ohesive. Predominantly
7 i Silicate ] 16 1000 finer than 75um _ o
: Sodium Cohesive.
fs ! Bentonite Clay 1 8 80“ é2%,,,moistur@ content
‘ . . ohesive.
9 ‘ Calcium Oxide 2.7 7 660 0.2% moisture content
"0 | Sodium NaHCO; : 99%
10 | Bicarbonate >0 1000 INaCO.: 1%
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Fig. 3 Snowdfrft profiles : full scale measurements from Misuhashi (1982) compared to a wind

tunnel simulation of the Observation Hut at Japanese Antarctic Showa Station

e Sy -
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Plate 3 Simulated snowdrift at the leeward side
of the model building and the overhang
top edge formation

Contour images of snowdrift shapes were gene-
rated by a grid-projection type Fujinon Moire
Camera (Model FM 40). This camera has fixed
focus (1.8m) and the photographing area is 900
mm X 600mm. Layout of experimental set up is
shown in Plate 4. Measuring sensitivity is 2.5mm
height (black to black stripe). Those contour ima-
ges were captured by a “Newvichip” CCD camera
equipped with 2,3 inch zoom lens. Captured co-
ntour image (see Plate 5) was then sent to an
image grabbing and processing system. This sys-
tem consists of a Matrox Pip-1024 image-proces-
sing board installed in a IBM-compatible personal
computer. The pip-1024 is a plug-in board that
enables the computer to perform frame-grabbing
operations on CCD camera signal. The board has
one megabyte of eight-bit memory that is partitio-
ned into quadrants. When a frame is grabbed, it

Plate 4 Layout of experimental set-up

Plate 5 Contour image of snowdrift shape around

the model of Japanese Showa Station in
Antarctica

is digitised into a 1024 X 1024 array of pixels with
each pixel assigned a grey shade from 0 (dark)
to 255(bright). The system inputs images only in
black and white, though a three-color version is
available. There are also eight independently se-
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lectable look-up tables, each allowing for the dis-
play of 256 colors chosen from a palette of over
16 million.

Accompanying the hardware is a software lib-
rary of simple commands designed to eliminate
the need to interface directly with the image
board. These commands enable a user to perform
a wide range of image-processing tasks including
frame input and output, look-up table manipula-
tion, screen graphics, and image convolution. Also
the library of software can be accessed by either
Fortran or C programs. Linking the routines with
a higher-level language can increase speed and
flexibility. The interface was written in C program
rather than Fortran to achieve customised, user-
friendly, menu-driven software package. Using the
menu, it is possible by using only a few key stro-
kes to grab a frame, store a frame on disk, or to
perform a number of other tasks. The host micro-
computer was a NEC APC IV (IBM AT-compati-
bile) with a EGA and a 66 megabyte hard disk.
Frame grabbing is in real time at the standard
rate of 1730 second.

The grabbed image was then processed with
the contour analysing software which is an inte-
ractive, menu-driven graphics program that pro-
duces three-dimensional surface representations
for output to the screen, printer, or plotter. The
program also given the volume of snowdrift. The
resulting form is displayed as it would appear to
an observer at some specified viewpoint. In a pe-
rspective drawing as shown in Figure 4, parallel
lines on the surface appear to converge as they
become more distant in order to provide the illu-
sion of depth.

Fig. 4 Prespective drawing of a simulated snowd-
rift shape

4. Modelling of Atmospheric Turbuient
Boundary Layer

Similarity between model and prototype values
of the following minimum parameters should be
maintained to simulate an atmospheric boundary
iayer flow :

1) mean wind velocity profile;

2) turbulent intensity profiles;

3) Reynolds stress profile; and

4) turbulent length scale and spectrum.

The sites of Australian Antarctic stations Maw-
son, Casey and Davis are coastal sites comprising
of relatively open flat ice-free rock during sum-
mer, which becomes snow-covered for approxima-
tely 8 months during winter. This topography fit
closely that of an open terrain, described in As
1170.2-1989 as terrain category 2, has been adop-
ted as the prototype condition in this investiga-
tion.

Natural growth method is the preferred method
for the simulation of an atmospheric boundary la-
yer flow in a wind tunnel. However it requires a
long wind tunnel test section 10 to 20 times the
required boundary layer thickness. In order to
achieve a satisfactory boundary layer flow in the
relatively short working section of the closed-cir-
cuit wind tunnel, an augmented growth method,
with a combination of screens, roughness eleme-
nts, and turbulence generating fence, was adop-
ted. A 100mm high fence were installed at the
start of the working section to generate the large-
rscaled vortices. The floor of the working section
was covered with low-pile carpets for a distance
of 4m downstream from the fence.

The flow characteristics of the simulated atmo-
spheric boundary layer, exclusive of model snow,
were measured at three lateral positions approxi-
mately 4m downstream from the fence, at the ce-
ntre of the working section and 125mm on either
side of the centre (A, B and C as shown in Figure
1). A cross hot wire was used to measure profiles
of mean wind speed, turbulence intensities, Rey-
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nolds stress and longitudinal velocity spectrum.
Profiles from 25mm up to 300mm above the tun-
nel floor were measured at each of three lateral
positions. The hot wire signals from the DISA
Constant Temperature Anemometer were lineali-
zed, low-pass filtered to remove instrumentation
noise, digitized by an analogue to digital conver-
ter, and sampled by a micro-computer. Sample ti-
mes were approximately 30 seconds.

The boundary layer flow with the model snow
particles blowing over the snow-covered working
section was measured with a pitot-static tube.
Profiles from 25mm up to 200mm at the same th-
ree lateral positions were measured. The pres-
sure signals from the pitot-static tube were mea-
sured using an electronic micromanometer, digiti-
sed by means of an analogue to digital converter,
and sampled by a micro-computer. Sample times
were approximately 30 seconds and five samples
were averaged for each measurement.

The sites of Australian Antarctic stations Maw-
son, Casey and Davis are coastal sites comprising
of relatively open flat ice-free rock during sum-
mer which becomes snow-covered for approxima-
tely 8 months during winter. This topography has
been adopted as the prototype condition in this
investigation. Therefore the first step was to si-
mulate wind model approximated the terrain ca-
tegory type 2 without model snow and the terrain

category type 1 with model snow as described by
the Australian wind loading code (AS 1170-2, 19

89).

Mean wind velocity profiles at the centre posi-
tions are presented in Figures 5 (in logarithmic
law) and 6. A logarithmic law with a roughness
height (Z0) of 0.02m and 0.002m in (terrain cate-
gory 2 without snow and terrain category 1 with
model snow respectively. The Antarctic snow field
measurement data (Budd et al. 1965) for three
different snowfield conditions and of three diffe-
rent roughness heights also show a good agree-
ment with simulated mean wind velocity, as
shown in Figure 7 (in log-linear format). It is
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Fig. 7 Turbulent intensity profiles

interesting to note that the introduction of model
snow particles caused a change in the flow chara-
cteristic from that of terrain category type 2 to a
terrain category type 1. Longitudinal, lateral and
vertical turbulence intensity profiles are plotted
in Figure 6. Longitudinal turbulence intensity
profiles are compared with profiles suggested by
AS 1170-2, 1989. The lateral turbulence intensity
was about 94% of the longitudinal value, and the
vertical turbulence intensity was about 80%. In
an atmospheric boundary layer, pressure varies
slowly with distance and therefore the longitudi-
nal pressure gradient is approximately zero. The
measured Reynolds stress profiles is reasonably
constant with height as shown in Figure 7. The
longitudinal turbulence spectrum is used to dete-
rmine the distribution of turbulence energy as a
function of frequency which gives a measured
size of turbulence eddies. A velocity spectrum
was measured at the wind tunnel centre line at
a height of 200mm and plotted in Figure 8. The
measured spectrum was compared with ESDU
74031 (1974) and shows that there is a mismatch
by a factor of 3.5. Surry (1982) has indicated a
mismatch by a factor of 2 or 3 is acceptable for
the measurement of unsteady loads on low to a
medium rise structures. However the effect of
such a mismatch on snowdrift simulation is unce-
rtain at this stage.
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Fig. 8 Reynolds stress profiles

5. Conclusions

The main findings of the current investigation
are as follows ;

1) A turbulent boundary layer flow (terrain ca-
tegory type 2, AS 1170—2, 1989) was simulated
at a geometrical scale of 1/50 in the relatively
short working section of a closed circuit low-
speed wind tunnel. An augmented growth method
which consisted of a combination of screens, a tu-
rbulence generating fence and roughness eleme-
nts was used. The simulated flow is considered
to be represent coastal areas of Australian Antar-
ctic Territory.

2) Sodium bicarbonate was chosen from ten di-
fferent model snow particles tested in the wind
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tunnel. It produced a high angle of repose which
was almost 90 degrees. The simulated snowdrift
shape around the scaled model (150) of the
Observation Hut at the Japanese Antarctic Showa
Station shows a good agreement with the field
data®.

3) The mean wind velocity profiles of the snow

blowing condition over the snow-covered terrain
category type 2 was simulated. The introduction

of the model snow particles caused a change in
the turbulent flow characteristics from terrain ca-
tegory type 2 to type 1 (AS 1170.2-1989). This
change occurs in the coastal area of Australian
Antarctic stations seasonally. The roughness hei-
ght of the simulated terrain category type 1 was
well matched with the field data (Budd et al. 19
65) of three different snowfields.

4) Generated snowdrift at the leeward side of
the model was captured by a Moire fringe camera
with contour images and CCD camera. The image
was sent to image processing system and repro-
cessed by the contour analysing software to rep-
roduce three dimensional surface representations
for output to the screen and printer. The end re-
sult of processed snowdrift images were used for
comparison and quantitive analysis of snowdrift
shapes generated by a 1,750 scale model of Japa-
nese Showa Antarctic Station and field data.
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