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

Toshio SATO* 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 h. 

2) The profile of the snowdrift can be predicted in the division of the 
wind velocity field at the altitude Z satisfying in U/Uso=:=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 h, it is useful for the planning 
information of buildings. 
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Fig. 1. The mean wind pro.file 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 

tunnel. 
D; Mean wind velocity at X=2500mm (model-I) 
L; Mean wind velocity at X=2500mm (model-JI) 
0; Mean wind velocity at X=2500 mm (model-Ill) 
l!:I; The turbulence intensity of U at X=2500 mm (model-II) 
®; The turbulence intensity of U at X=2500 mm (model-Ill) 
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Fig. 2. The mean wind profiles for the surface boundary layer model. 
Z; Altitude from the surface. Zio=lO m. 
U; Longitudinal component of mean wind velocity. 
U10; Longitudinal component of mean wind velocity at JO m altitude . 
../u2 ; Root mean square of turbulence. 
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,il.ik�'a'.:':i& t J: < �:IJ! L --C \.,, 0 c � x. Gh0. 



No. 62. 1978J 7 
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L..---- ,,., ... ---........... ..,./ 

______ .,,.. ... "" 

/ 
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FREQUENCY (cps) 

� 3 :f1t:W-Jil-'E-7,/V III O)�J!�ib/�'7-7.""'� riv cm�{t); 
7tfl,:11([ 6.169 (m/s)2
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Fig. 3. The power spectra of wind velocity fluctuation for longitudinal components. 

(Standardized); variance; 6.169 (m/s)2, Z= 125 mm, variance; 18.877 (m/s)2, 

Z=375mm 
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x. --C J:1,,,-c-4)0?. 
3. 1. 2. ..:i:- r'11., (J) 7-- ,,- -11., to J: Lf�.$�J!(l)�JE c•;@..:i:- 7''11., (J)ffiftUlU) 

!LvfE�llW-JIP'J-C'(J)m?i'l��v::.1*]-t {)f§{tf�U c L--C, tit* (1963) v::. J: "? -c3t��.ht-:!ti::1J 
(J)�-z-�ll LtJ::1,,,�if(J):f§{tJJlU (5:\ 5) z-:l*ffl Lt-:. 

Um = (�) 
1;3 = (-1 ) 1;3 

Up . Lp .A.i . ( 5 )  

.: .:-c-�� m, P vi-t.h:fnm?l'l��v::.tovtQ:l:c §��q:i(J)�tjefov::.1*]-tQ:l:'z'�h-t. 
L : vft;h, 7a:' %:� --=5 vt {) 1-t�:R � 
.A.i: :R� (J)f{@,R$ (.A.i= Lp/Lm) . 

.: (7)@, m?i'l(l)ibl¥Jfit.���� Q �ifvt<'X5:\�frleyt-: � hvitJ:: G tJ:: 1,,, CtJoHJ@, 1971). 

UmTm/Dm = Up Tp/Dp
} hm = hp 

pm/Wm =pp/Wp 
.: .: -c-, T: 1f;€tjefo(J) fifil� JWJ;M (s) 

D: .:@tjefo(J)��:R � (m) 

h: :fJ;@tj?o(J)��;E� 

p: vfEP-fs: C��O WJJt (kg/m3
) 

W: rJ:@tj?o(l)tfi}Jt (kg/m3). 

5:\ (5) c 5:\(6) J: � :R � c �Faj(J)fi,R$(7)1*Jf*n�z¥vt Q . 

.: .: -C' .A.t: �Faj(J)f{@,R$ (.A.t = Tp/Tm), 

3.2. �-atOO 
3.2.1. �� I (vfE;h,(l)AJm1t��) 

(6) 

§ !¥]to J: (f��(J);ffi!f� : .: (J)��vitl:@m?i'l(J) JWiill�vfE;h, Q tJiEP-fs:(7) flow pattern �� {) 

t-:�v::.if:imi L ts: t (7)-C', vft.n(J)tm�i* C r v --it- -1*) -c- J: < ffl 1,,, G.h Q vfE* c , .: .: -c-tn 
L < '/ -v ;f /.:E:��P-fs:v::.J:§1. ,-cyJit:;h(l)AJm1t���t-:. :;$:��vik-(7)� 1 7-. -r 'Y 7

° c L--C, 
vfE;h,(1)£�1¥) 1[1:�vC(J)�� § L t-:(7)-C' > �.5]1JtdiLVTEf'frrvi1th--n::. > �ilmP'J(J)'AvfE-t(J) 'i "! 

(J) 1,, ,;bvp {) Jlvftv::.Jli1,, ,;j-kt�-c-�.��fi "'.) t-:. L t-:iJ� "'.) -c flow pattern vc�Wz-4-x. {) :I: c 
L-Cvt, £.$�J!c l::

0 

p T 1 �� ��IE L-C� 1 �::.�-t J: 5 tJ:: 81i(J);j-ki��fpplt L, k-(7)� 
-k v::. "'.:>\,, -C (J)�t1:��� L ts:. 
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� 1 J\,i[ilJ�� I �:.00-t G �*J\,� c �· i:z r 1 � � O)K,§.i;h1t 
Table I. The combinations of basic wind velocity and altitude of 

pilotis; h for the wind tunnel test-I. 

h (cm) I h/H I Uso (m/s) 

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 
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���fi:� J: rYiJlU5Efi1Hi: f!J:fH.,t-:.Jl,ilP]vi, 7j(f�Jm@ltAE�ll.ilA.! ( 8 :idlI�fflHJ!�� 

f-4��) --c-� 0. �l:B i::nt 900x 1200 mm 0)9aDBWrffi--c·, iJlU5Efffivi:k�r::.!ffltrz�.h-c� IJ, 

.:tO)-Jlt�vi 1750mm --c·�0 . .:. .:. --c·vtiAE.hO)AJm11::0)�{:;$:0)•[1:�iJ�G. £�ll.J!� 3. lm/s 

il� G 6. 4 m/s O)fl{[lffl--c·�5£ LJ-:.. £$Jl.J!O)iJlf
f
5Evi"' / ,;. -!Jc �Mlt:i:\ll.J!H CB *f4�I 

�, -:c-7·/1.; 24-3111) � ffl \.,, -c rr "? t-:.. "it-:., Aim 11::��0) -r ;r. 'Y !J T- - !J c 1-, -c, m�1m 
J2lO)Jl.J!5t;;{ff�5£mlJJt��*iv1EJ!H CB *f4�I�. .:i:- ·f 1v 21 ser.) � Jfii,, -CiJlU5E L, t-:. 

iJlU5E&ulvi, Ji.rPJ:1JrPJ (x) �J:rf'Ji.rPJv:::.m[jEJ:1JrPJ (z) .:t.h..f.hv:::.--:::>1.,-c, 100mm f�,:, 

F' O)�,���$ c L, f_:. vft:J!H��w,1rn1PJ·l1:�¥1"? -Cl., 0 0)--C', .:. .h� -1}iJlU5E{ftfi:--c·[qJ­

�# c � 0 J: 5 K � :/}, P -JL; l,k. 

v1E-* � ffl 1., t-=.iAE.hO) AJ:m.11::��--c·v:J:, v1E-* c L, -c -!it� 30 mm 0) J: IJ 0) tJ: i., wLl L, � 5-* � 
Jfi1,.,-c, .:..n�=f,�fficfi:Lt-:. O.lmm9) O)!i(!J P:/��"1-*v:::. 100mm f1=1j� (ti$) --c·MrY 

--:::>vtt-:.. 

'/ ;-, � :/35:� ffl 1.,, t-=.iAE.hO) AJm 11:::���fi:� fZJ 4 v:::.�-t. .:. .hvi, Jl.jfµj�l:B J:J ft)IT""t:' 7-. r 

µ -v:::. J: IJ, vfvf-5£0)1£� t--:::>-;.,,""' � :/3s:�¥e1:. � {t-C, �q:iv:::.n�-t 0-;.,,""' � :/Js:O)ifl 

JiMi�.7-. r P��fi:�Jfi\,,-C,¥�fi�i"0'/'7-.7A'"c'�0. 7-. r P��fi:viq:tft�f]}, -=c7';i., 

II (7-.}, P�71},; Lux, FT�25, Xenon discharge tube) �ffl\.,,f-:,. 
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!gj 4 V -v � :/_:livC J: Q mt;hO)nJmft�.��jji (f]ID�) 
Fig. 4. Testing equipments of flow-visualization by means of soap bubbles. 

-Y -v -f :/xvtmJi&:O) i=p·f1:&c:tfUJJJOl l �� *9 1 m 0) t::::· .::. - 1v� CF9f£ 3 mm vt�rrffi�� 
--e�tR) � ffl \, , --c {tnlt Lt� .  7. r P ;f ¥eJ1t@J�vt 100 cps l L ,  -t 0) J1t:l:O)tU*9n� G aft�� 

l 1Et¥t$:O)fil£11Ji�i!B 1 m l L '""( \, , 6 . 
:tw;� : ��v::: .. {�ffl Lt�tw;�vt , 1£frffiii'� 300 x 150 mm , � �  500 mm O) fijtt-c-� 6 . 

*tf--1- l  L t:t&J.f 3 mm O)�gl:Hfft�1t: t::' .::. - 1v:t&�ffl \, , ,  -: ;h�fflH!Ii�J!:�ffl\, ,'""(*Ji.ft --C t� 
i O)c· ,  iU5E�F�jvcJtff1Svf iJ ID�-c-�lli L t \, ,  6 .  ¥JJJwHtiJ:O)�>J<n� G ,  mmlxff:t&O) 
�ffiivC vi5-¥JlO)�;;(ff�J!6 iJ ,  S3Ac' l OO mm ;Jli'Ff�{t "? t� .  
3 . 2. 2. �� II (2 ?x5c��:tw;�JWJ32lO)J§l.Jf%:{ff0)1JlU5E) 

§ �� l U��O)-� : ffiffi����}WJ32l O) @ �fi� -Y � � V - r Lkfi�pg��m� 
Jitj=ivc -t:  'Y r Lt� 2 ?1(5c:tw;�vc"J\, , t ,  --'t- O)}WJ32lO)jlfPJ l llJf%:{ff�1JlU5E L ,  flow pattern 

Profiles 

Varieties 
of h 

a 2  -��- II K�� � ���. £�-�� J: a � P � 1 �  
� 0) tEl.,g-b '1:t 

Table 2. The combinations of boundary layers, basic wind velocity and 
altitude of pilotis ; h for the wind tunnel test-II. 

I Experiment 11-1 Experiment 11-2 Experiment 11-3 

I Model-I I Model-II Model-III 

j h (cm) ) h/H ju5o (m/s)) h (cm) I h/H )u5o (m/s)/ h (cm) I h/H IU50 (m/s) 

2. 0 I 0. 1333 1 6. 60 3 . 0 0. 2000 16 . 20 4.0 0. 2667 1 8.07 
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 
15 . 0 1 . 0  16 . 00 7 . 0 0. 4667 16. 45 8 . 0 0. 5333 17 . 97 
22. 0 1 .  4667 17. 00 8 . 0  0. 5333 16 . 53 10. 0 0. 6667 17. 33 

9. 0 0. 6000 16. 62 

I 
10. 0 0. 6667 1 6. 70 
12 . 0 0. 8000 16 . 70 
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c Joo.:ifil5t;ffitJ� G� � t-: i 1J 0)%,rn�m'.7:E L J: , c --r 0 t 0)--e� 0. .: .: --c vt�tf:l o £�Joo.:ifil 
�vtH'-;:i::vc*'b, 3f:JeyJoo.:ifilO)j{:}IB[5J-:;fp:toJ:Cf 1::0

P T 1  � �  h ���c v-c���fi "'.) t-: . 
.: n G O)*JI-ith-tt�� 2 vc�-t- . 

���ii: : �.�vc�ffl L t-:Joo.i[P]vi s jd�I�$:III�Ff5eFJr0)7J(:ifl-&i1m@vfE�Joo.i[P]c-, 
?J!U5E$c L -C fifil'.J:E :n - r (Wrrn:i : 2 000x 2 000mm , �� :  53 00mm) �ffl 1.,,f-: .  ;®;��@ 
5 vc..�--r . �tf:l o £�Joo.:ifilvi 3. 1 . vc��t-:;/:!HWlUiJ� G, EI ?.�Joo.O)m:*fW: 45 m/s ��'.J:E L 
-C (SBfD£JillO) J l�U�f139}N*)oo.:ifilO)g2�vc J: 0 c, .: O)m:*Joo.:ifilvi:to J: k 3 0-50  m/s c-� 

0 . .: nJ: IJ Up =45m/s c-t"0), 16 - 17 m/s O)fj[[fflc-�'.J:ELt-: . Joo.:ifil?J!U5E�vi l:0 r -if 

c'.l:Emoc��•vft:ifiltt��0. vfE:ifiltt�'.J:E$0)� � - r :toJ:U�5E�OO��O)�'.J:E&i':�5E 
VC.. vi, tt?J!Uffl 3 ?x5c�ib�i':� ffl\, ,k . �ff0tO)fPJ � vi���ji L -C-'.l:Ec'� 0iJ�, 2 ?x5c\5L 
vftg:rc-0):r�fPJ'!iO)i;•�m:,Nc-t-0 J: 5 vc..�I1: L -ci.,, 0. ?J!U5Et2�vi § ibffir�t2ilttvct2 
� L td&vc�:11 Lt-: . 

�============::::::J� 
Tow dimensional m

�

els 
Wi�ection 

§ c:::::y> B•H=3X)•150 

l- � N -

J .. X D t� 
���} ===============� I . 2500 

5C(X) 

� 5 J\.1/PJiJ!U5E{fil�liQ CJ\.r!PJ�� II) 
Fig. 5. The section of experimental space in the wind tunnel (wind tunnel test-II). 

��m� : 2 ?x5cm�vi, �§Jj��ttift t:' =- - ;1,,tiiz (tlizl¥ 3 mm) �ffl 1.,,-cfk!f¥ Lt-:�i 
3 00 mm , � �  150  mm , ��� 19 00 mm O)ftJttc-�0 . .: n�JU[P]fJ!U'.J:E$0)fr!u�vc�� I 
c ��t.r.xfiJ�Jt � ffl 1.,, -cvftnvc..IB[ftJvc..fifil;:i:: Lt-: .  

4. ��*s* c�� 

4.1. �� I 03fUtO)iiHJHt) (;:?� ,-c 

*��vc:tovt 0 t�Jf� vi, mu5E�rl3,��vcht-: "'.) -c vi vf-;:i::c-� IJ , �vftl'JiEnO)� c J!tJ: 
L ?  0 t O)c-� 0. � 6 vcvfE*vc J: 0 ffinO) AJtJHtO) 1 -wu��--r . .: O)Wi�l*vc.. J: IJ , ?J!U'.7:E 
�r1390)3:::ifiloc=1I1PJ to J: rf Joo.lPJ O)�i!Jffilfflt.r. c' O):ffi!flll!��o 0 .: c tJ� lli* 0 iJ� , -Jic-a, :ttl!� 
�m�tbli:to J: u�mt:1m.iiJi�t.r. i: 0) .tt�1¥Jvc..:ifl;JeyJoo.:ifil0)1} � 1., ,�c-vi, mt:fAtJ�mt:.nvc..7t�vc.. 
�llil L-C \,, f.r_ \, , .  t-:t-: L*��O) § 1¥Jvi, ��O) J!!/mmJJllloo.:ifil?J!U'.J:EvC:tovt 0±Joo.1PJflj5EO)£ 
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��*'1-i-1l0 ;:. c c'af) 9 ,  TVffi�� c L -C vt+5tv:.rrlilUl--t� � *6:5f!:n�ft Ghk c �x. 0 .  � 
� n v=-to 1. , -c t IP] tffe t.t. -=¥-1* -c:-JJ. rPJ :a: ¥1J5E L t.:.. . 

� 6 vfC*�� J: Q VTE.h6i:ifm,1t�.� (U50 = 5.9 m/s, h=5 cm) 
Fig. 6. Flow visualization by means of yearns (U50 = 5. 9 m/s, h=5 cm). 

V(mls) 

0.6 

0.5 

0.4 

0.3 

0.2 

0,1 

0.0 

. .  
/ .  

. // 

10  20 
J?J(mnv 

� 7  � � � /���ff c �����ft����M� 
O ;  7' r P �¥JH� J: Q�illU{i 
- ; V=2.4 x 10-5¢3 + 5.2x 10-4¢2 + 7.3  x 10-3¢ + 2.S x 10-2 

C��A) 
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. 
- ; V=2.4 x J 0-5¢3+ 5.2 x J 0-4rft2 + 7.3x 1 0-3¢+2.5 X 1 0-� 
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� 8 m�-l! y J-- fijO)!jJl!.�r::.;tovt -Q '/ -t, � :/:E:O)t/tjiji (Uso=2.9 m/s, 7-- r P �JBJ'c ; 100 cps) 
Fig. 8. Loci of soap bubbles in the surface boundary layer model before the model setting 

(Uso=2.9 m/s, strobo light; 1 00 cps) . 

13 

t'X v::. -;,, � � / .:f v:. J: 0 vft:h 0) AJm 11:v:.-01., , --c �""' 0 . �J§i.1,;tk:frn 0) -;,, -'7 � / .:f fi[@ (</> mm) 

c kO)fX��!l (V m/s) O)�f*�� 7 vc.if--t . !L �htJ: 1.,  ,iJ!U5E�r�i-c-O) -;,, -i7 � :,t.:f0)¥fl.J?mi 

� �  8 vc. , :m��ffit1., , f-=.��O)vft;h,O)�-=f� , h �.,� '7 _,,( - 3 qc. L --C �  9 vc.ffi-t . *��-c­

vi.7- r p ��ffitO)jc:I:, 7 1  JL; A �&O)ftU*9t.J� G .  '/ -i7 � :/.:ffi[@� 15-20 mm c Lt-:.f.7� . 

c 0) * � � -c- vi , -;,, -'7 � /3� � r v - -it - c L --c fiJffl-t 0 § a�n:. xt L --c vi , ff l\��-c-1t1J 

O)��f.J�* � -t" �---c ,  T. - jl O){§"ffl'liv:t.1-it> 0 c c  vc.tJ: 0 .  -"Jf, ��;tu r 'Y r 7·· ')' !l (1969) 

J: IJ �f.ftrO)!irJ!lt��""'-0 c ,  �Wvc. vif-llr , *arIMl;@vc. J: 0 --cJUJ: 0 iJ� ,  :to J: k  o. 5 

m/s �/liJ��1., , c �x. G:h ,  t. :hvi*��O) -;,, -i7 � :,t.:f7ir�/lvUfVif-if( L --C 1., ,  0 .  e n  

J: IJ ,  �il,O);tki�O) -;,,  � ::z. v - -;,, 3 :/ c L --C vij@"WJtJ: -'E- T·;i.. c §" x. J: 5 . 

c O):f.�O)��vi , vft;h,0)��1,1 c A., c'%L � fvc. , vi vfvlfffi c .5¥!.tJ: L1�0 -;,, -i7 � :,t.:f¥ftl?mi 

iJ�:f.ffvc.�x. 0 c c :t:o  J: a  3 t'X5c:m�vcxt L--c i d�J:¥ H8*0 c c -c:·2b 0 .  i t-: ,  .A 1- µ �96 

jc� c 'Jff.Jr:iJ� GJi.�5J-7{ff�iJ5:1tlfl9vc.tI::,tE[-t 0 t. c t tl:L* 0 .  t. O)"Jj�-C-;f<ot_:> f-=.�!l5J-7{ff� , 

�fflvfE�Hvc. J: 0 M* c J:t� Lt-: t O)�� 10 vc.ffi-t . c n J: IJ ,  !L:hO)YtJ:1.,  ,fJ�c-O)tffU 

5:E{ffiIO)��O)��v:t:Ai::*:-C- 18% ;;jjfilfftc·cb -0 . �rtJt!JJ-Evc.-01., , --r t .  '/ -i7 ,t; :/.:fvc. J: nvf, 

mE*�J:O)iffit.J�tJ:��iJ�AJij§ c tJ: 0 .  

�J:O) �, c < vf[;h,O)AJm1t�O)fljffl vc. J: IJ ,  }t�Jm;illO)vft:tl,O)ffi!l:IH!�te:,®-t 0 C c  iJ�lli* 

0 .  i k . �K�l\��kO)�D�� Q � ��� < . � h J: IJ �� � i lJ %�0)�� c � 0  
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(a) 

(b) 

(c) 

� 9 s,, 7 -G Y_:UC J:: �vfLh,O)rfJ:tJHt 
Fig. 9. Flow visualization by means of soap bubbles. 

(a) Uso =2.9 m/s, h = O, strobo light; 100 cps 
(b) Uso =3.2 m/s, h = 5 cm, strobo light; 100 cps 
(c) Uso =3.2 m/s, h = IO cm, strobo light; JOO cps 
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�00 

0 

U/1.J..=1.0 UJ._,LJ.,=1.0 
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- - ------ - - - - - ,  
_ _ -::; ___ ..,-� - - - � ·  ---..... .. 11,, ...... ';:'!' ......... :-;+ 

-. -. -. -. _,. ---.. ==-� ... �-.. ���-::::--� �: �-;��:_:;���:�:;��-�:; 
- - - --�-�-r"!..$(::.c:::t <J'c::),.�-oe::i_ � ..... 

-... -.. _... -+ -. .. -=t-..-�:;,-t- -+ -. '? ....... -�---:;t' 

....... - _-;;- -+ -�-"'° - -�·"""1·-,o··� ··;::� '•-. 

;::;-::-

p

·�-. �=: 
�-. ?. --�-· �;. :·::; ·:.:��:: 

�-:�: �;r -::::�:.:;" ., .. � ... ...···-� ... :; ·:-.. , 
2 __..-� .... -+ ,,,,, • • • • .. • • • .., "\ � 

. - - - .. LJ . . .. . ...  ., .,  .. 
-+ -+ -. -.. ___. �-=-- �-=== -=- � ... " "' 

500 
. . .. 

1000 mm 0 

w � 

1&1 10 7-- r P ;t;-¥�tJ� GfiJJE Lt-:: -.;,, ,. ;t; :-13s:O)�lb (--+) t �tl 
mt:J!iH� J: -0 J\.J!illUJE1m (-+) 0) JU� 

. Fig. 10. Velocity ratio of soap bubbles from photographical survey 
by means of strobo light and normalized wind velocity dis­
tributions measured by hot wire anemomaster. 
(a) U50=2.7 m/s, h=O. 
(b) U50=2.7 m/s, h=50 mm. 

-+ · Normalized velocity of mean wind (U/U50) 
··+ : Velocity ratio of soap bubbles (Us/U50) 

mm 

��Wg%�ffl@���G k��tt�&-��� l < ��lli*G · � GK './ ,. � ��K l G  

vft:tL�AJm1ti'!v:t , ��U: �n.i'lr�imffivft:1*� 1 <  './ �  .:r. v - r l-t\, , Q �-c;- ,  � �r-- ?;( 

v:t� � t.:. i � Mi��T?lliJ� Q Jtfl c 1.., --c��--c-� ;s 5 . t,r.� ,  � �=J:i'!v:t 3 ?x5cffJt,r.vftn� 

AJm1ti'! c l---C t ���M�� . -t��flJ:: c  § ff)VC.µG l:"C�x. GtLG ,�'"c'flJJ:§ ifm:lffl;a�JA < , 

���vft:tt�a�i'!K� � fflG c �x. Gtt G .  

10. 

0. --;tog�l.17-logh -0.33 
-------:togKe,q;=L27-logh-0.48 

o :Experimental mean(u:3m/s) 
• :Experimental mean(u:6�/s) 

I&! 11 1::0 

P 7 -1 P'3 0)vft::hJ::.'*1-t -0 K-h '*11* (J\.9im�� I) 
Fig. 11. Experimental K-h relationships for the air flow in pilotis (wind tunnel 

test-[). K; An index of mean flow energy in pilotis (eq. 9). 
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�Mimt:Jf!tvc J: 0 �Uia!U5E ?' - 5-1 vt�Jf�J,,j--ef{� L, � n J: 1? 4. 2. c·J!t""' 0 vfEf*_:i:. * 
iv=¥' - O)J�ffl K � Jt�O) t-:� vc.H� L ts: C� 11). � � c· I::° i:i T 1 i*JJI.Jf O)ffl@r:5t:;fpvi, 
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Fig. 12. Uniform wind velocity lines around 2-dimensional model in surface boundary 
layer model-I (wind tunnel test-II). 
(a) Uso= l6.7 m/s, h=O 
(b) Uso= l6.2 m/s, h=40 mm 
(c) Uso = l6.8 m/s, h = lOO mm 
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�O)���� � O)IDDO)ttfi�•m-.t� i 5 -�0)ffiffl t L-c, � µ � � � O)•�RM: 

* 11,, ,¥ - �c�-.t G :I: K � ?Jz�··c-5:E�i'" � .  
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Fig. 13. Division of the wind velocity field at the altitude Z satisfying in U/U50 = 0.5 

in the surface boundary layer model-I (wind tunnel test-II).  
(a) U5o =l6.6 m/s ,  h = O, h=2 0mm 
(b) U5o=l6.5m/s, h=4 0mm, h =lOO mm 

K= fh _1 (�) 2 dz. o 2 u5o ( 9 ) 

t. t. '1:·, h ;  1::° P -r ,r rffl � (10-2m).  

�.�-r - 3<' iJ� (>5;� (9) � H�>t �d-.:obvC{XO){&;iti· ffl\, ,f,.: . l::
0 

P -r --r l*J 0) J\.O)vf[;hvi,  vf[ 
Ai't/rrl;B:� J: 1.J t vfE l±iYffii;B:�iJ;J\.IP1iJ;*5E L-C 1., , Q 0)'1:·, .:. .:. '1:· vt� 14 vc5R-t" t::0

P -r --r �Fr=ij 
c 0) J\.J.!T. - 3? � J:lh ,-cA (9) � H� Lt-.: . t.cJ:o-15-T. - 3? Fr=ijO) Jl.J.!n'-1!fviA (1) '1:·tmfr=ij L 
-c 1., , Q .  .:. 0) K 0) H1Ha:!l!U: t::0 

P J- --r rffl � h 0) Mi*� � 14 vc5R-t" . .:. .:. '1:· t � 1 3  c fqJ 
�0) ·11:J!{iJ;fill§J31:1:i*Q . -t"tcC:b'"tJ Kexp=:= 1 cm c tcC Q 1::° P J- --r r§b � (h =:=0.44 H, ��O) l::

0 
P 

'T --r r§b � 1 .  32 m vc;t§�-t" Q )  iJ;, -t"O)� � t� "i 9 %Ji��::k � < rrt1� � -it Q ,i� c L -C:FJ.M � 
;h, J:  ? . 
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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).  
0 ;  Experimental means in the surface boundary layer model-I 
D ; Experimental means in the surface boundary layer model-II 
0 ;  Experimental means in the surface boundary layer model-III 
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Fig. 15. Profiles for the altitude Z satisfying in U/U5o� 0.5 corresponding to the 
variation of the altitude of pilotis ; h. 
(a) In the surface boundary layer model-II. 
(b) In the surface boundary layer model-III. 
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