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Practical Running of Windmill in Cold Northern District 

Koichi KIKUCHI*, Jun Iro* and Noboru YOSHIMURA** 

Abstract: The authors are interested in using wind energy in a cold northern 
district. For several years, the wind condition above the roof of ANCT (Akita 
National College of Technology) has been investigated, and windmills of small 
size constructed for trial have been put into operation in actual running. Akita 
Prefecture is situated in a latitude band where migratory low and high atmospheric 
pressure passes in groups except during the summertime and it is especially 
under great influence of continental high atmospheric pressure. Consequently 
in winter we have heavy snow and strong winds from the west. 

In Akita Prefecture, which faces the Japan Sea, we have stronger winds 
than in other prefectures, especially those on the Pacific Ocean side. Therefore, 
the authors have had a great desire to use wind energy. 

In October 1982, the authors had an opportunity to install a windmill 
generator of propeller type with an output of 1 kW at a velocity of 7 m/s. 
This windmill generator is under operation in actual running at present. In 
this paper the authors report some results of the operation and also state matters 
to be considered in installing a windmill in the polar regions. The main contents 
are as follows: 

(1) Operation in practical running for confirmation of safety of the wind
mill generator. 

(2) Influence of life-environment. 

(3) Utilization of wind energy for melting snow on a galvanized sheet roof. 
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Fig. 1. Exterior view of windmill 

generator equipment. 
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2. 3. ±�ttlll�fi: 
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Fig. 3. Arrangement of planar heater. 
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Fig. 4. Method of measuring distance from sound source 

to point of noise level measurement. 
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Chvcioc, 2m/s ��*- 3m/s £-C·O)fg]fflO)OC��'!:t&<b�<. 3m/s �mx. 4m/s £-C· 
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Fig. 5. Annual frequency distribution of daily average wind velocity. 
Investigated term: February 1980-January 1981, 
Investigated place: Roof of the building of Electrical Engi
neering Dept., Akita National College of Technology. 

( 2) SSJZ�J;.;ii · B:t&�m_� • 8��:11:: 1980�tr.i?m:fE£-C·O)Ji.�IDa.J�0)*5*, JP¥ 

�J;.:i!io i lj }3 ��·O)* �I., J3 0) {JU c Lt, 1983 if- 12 J3 vc --:)\,, t O)IDa]1f*a*�* 1 vcm 
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�1 s��m�-��m�-��--��•�v� 
Table 1. Example of daily average wind velocity, most frequent 

wind direction, snow depth and weather conditions. 

Average I Most I Observation wind I frequent I subjects velocity I wind (m/s) I direction I 

Dec. �, 1983 • 1!:: ,1 W:W 

3 9.9 WNW 
4 8.8 WNW 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Daily average 

t: I fs� 
4.2 ! WNW 
2.4 NW 
3.3 SE 
6.2 W 
9.9 WNW 
3.2 , SE 
6.6 NW 
4.1 NW 
9.8 WNW 
4.4 NW 
4.3 WNW 
7.1 WNW 
5.7 NW 
2.2 WNW 
3.7 SW 
6.8 NW 
4.2 WNW 
8.4 W 

10.2 WNW 
2.4 1 SE 
2.5 j SE 
3.0 ESE 
2.5 SE 
2.1 SE 
5.5 

Snow depth (cm) 

No measurement 
No measurement 

0 

1 
0 

4 
No measurement 
No measurement 

0 

0 

0 

0 

5 
0 

7 

6 
7 
7 

10 
10 
10 
6 
1 
2 

25 
19 
11 
1l 
16 
18 
15 

Weather condition 

Snowstorm with strong breeze 
Fine, later rainy 
Cloudy, often rainy 
Snowy 
Cloudy, later rainy 
Snowy 
Cloudy, occasionally rainy 
Cloudy, occasionally rainy 
Fine 
Fine, later cloudy 
Cloudy, often rainy 
Snowy 
Rainy, with occasional thunder 
Cloudy, often snowy 
Cloudy, later snowy 
Cloudy, often snowy 
Snowy 
Cloudy, often snowy 
Cloudy, often snowy 
Cloudy, later snowy, occasionally fine 
Cloudy, later fine 
Fine, later rainy 
Fine, later snowy with strong breeze 
Cloudy, often snowy, occasionally fine 
Heavily snowy 
Snowy 
Fine, later snowy 
Fine 
Cloudy, later snowy 
Cloudy, often fine, occasionally snowy 
Fine, occasionally snowy 

Ji.J!v:t:!11� 2.1 m/s, JI� 12.8 m/s -e, f;feyv:t 5.5 m/s -e � "'? t.::.. 

( 3) J:j fjij]il.,5* • J:j fjij�iffitOJ;ltft: 1983 if:. 3 J:1 J: � 1984 if:. 3 J:j '£-C:·OJ 13 7J J:I i1=1jF:.� 

vt o J:I fjijJi.J!:tc J: � J:I f Uj�iffitOJ;ltft �� 6 vc�-t-. 7 J:1-9 J:I rt�iffitt,�� < , Ji.:i!�:t��" ,. 

"£ t.::., 12}3- 2 J3 O)�;Wmcij�:t�i/at,�f� <, Ji.:i!�:t::k-c:·� o. 
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Fig. 6. Seasonal variations of monthly average vdnd velocity 

and atmospheric temperature. 
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4. 2. li.1ti©�i1l . tftn%tt 

Jl.,]f[TI[@ 1.85 m, !'MH1�M<D�k<D@J�tj:,[:i�m.?1P1�,1��Hc ct 0 --C:sJ<Zlbt::.t1L*�� 7 vc�--t. 

J.i.tR 7 m/s -c-m,lf[@]��it.*J 530 rpm -c, %��!t.5t�lli jJ c t.r. rJ, -l-ht.JJ:<D �tR-C·vt. 

fifPl L, 10-32m/s -c-@JE�vt%':J 550-580rpm c tJ: I), J.i.i! 34m/s tJJ::-c·ttJJ.i,]f[@IJE�vt 

�{k�:J,�--t 0. 

�ffi31�q:i-c·'J!JoTI[f£ 3.Sm <DJ:.7J�lPJ:1f3Jil!fI�fal. l %ic.ct o�illU<Dt2L*�� s ic�--t. 

J.i.J.! 7 m/s -C';Ef�lli jJ 1 kW J: ..tJ: rJ, -t ntJJ::O) ,�it-C'ttJ::JJIC. �[P] L, J&rEJlli jJ 1.04 kW 

�l!t c tJ: :0. 10 m/s tJJ::O) }i.i!-C'tiJe�1tJJvi�?xi�:1,,�--t :O. 

*:f3t�c.filtfii Lt::. 3z,� 1 �O) 'A:9ibJl.tR�t.%� 2 m/s -c-, � �@] 1) ts.:--t c %':] 1 m/s ��-c- ch@] 
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� 7 �:fil�Jl.]j[(l) Ji.� .!:: @I�� .!:: (l) !UJ1* (JJUfp] f�.to�t GlltUJE'.�:,J 
lllUJE'.:ll}JYf: �aif;J4':iff�ffl; Jl.Jfr(l)mi1?f: 1 .  85 m ; �� : �filru: 

ao 

Fig. 7. Relation between wind velocity and rotational speed of the suspension-type windmill 
(Measurement result in the wind tunnel).  Measurement place : The Institute of Space 
and Astronautical Science; Windmill diameter: 1.85 m; Type: Suspension-type. 

£ 1 . 2  
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� s  JJ..Jfr(l)Jt� � ��mn .!:: (})�1* c�JJ.. 1 %) 
Fig. 8. Relation between wind velocity and electric power output 

of the windmill (Tenpu 1). 

� L. •tc n:x-1 1-- --c @J�-t-0 . '! k., •• · �•tJ: c O)�ft. 7 P -" 7 0) @J�iffi�ui c A.., c;JJ( 

:iJZ c t.;:. 9 , • � � vt Q �� c tJ: -".) 't \.. ,  Q .  � 7 c � 8 � lttt-tnif, � 7 0) �fil=JfM� /:B :1J% 

ttil��F'mVC & \,' ::. C �� L 't \, '  Q .  

SR• 1 %ii�-� 7 m/s t.JJ::vct.c "? t::.�15-c- 1h 7
° 

P "' 7  ��rAJ L t.c \.. ,-c-te 11 �  J::� L t::.�15. 

•nµJ��vc�--:5 < •Jfil c l:B :1J  c O)Mf*�� 9 vc�-t. •Jfil 7 m/s "c' 1 . 0 kW, •J!: lO m/s -c: 

3 .0 kW "c'� Q . 

� 1  � �·���-�• t •••• 

*�ffivctuvt Q JJ f�Je�.Jl:1J=I: c ��WJ�O)�f71J-e� 2 vc�-t. Je�'fl:1J�:tWivft:111Jfl 
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181 9 ��tU� a:fint. n ,�-g-O)Jl.J�U:: tB :1J c O)M� (::RJE. l �) 
(:::k�Jl.yjPJ{r..15it �lllllJE*s*) 
?Jl!J'.rE�?Jr:  *mf4�ilf:?i:?Jr; Jl.]JI@!:f£ : 3. 8 m; 'T}w : JJit]JI3¢b* ; 
r;a : �lt��* 

Fig. 9. Relation between wind velocity and electric power output of the windmill 
(Tenpu 1), when no attitude control system is used (Measurement result 
in a large wind tunnel). Measurement place : The Institute of Space and 
Astronautical Science; Windmill diameter : 3 .8 m;  'TJw : Efficiency of wind
mill; 1)a: Efficiency of generator. 

� 2  � f��n• c ��3¢b*O)� 
Table 2.  Example of monthly average electric energy and conversion efficiency. 

Term 
Daily average wind 

- ------ - -

Daily average generated 
energy 
(Wh) 

(month/date) 
electric power 

(Wh) 

Conversion efficiency 
(%) 

a.  

b. 

c. 

d.  

e .  

f. 

g. 

- - -- -- -- --

7/ 1 - 7/30 

7/3 1- 8/29 

8/30-10/ 5 

10/ 6-1 1 / 16 

1 1 / 1 7-12/ 16  

12/16- 1/  6 

1 /  7- 2/22 

248. 5 

239. 8 

276. 4 

549. 9 

2 763. 0 

470. 0 

935 . 2 

890. 3 

947. 3 

2 087. 0 

4 692. 0 

558. 5 

33. 2 

32. 7 

30. 2 

33. 5 

1 5 . 0 

10. 5 

89 
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Jl .:c.  * ;1,, =¥ - �1 . Jl.:c. t- Jv=¥ - ��Hvc. J: -?  -c iJltlJEim� 1 m2 vc --::>\, , -c �� L t.:f5({i�wt;,,... 

l& -? t.: t CJy·-c- � o .  � 2 -e e XJ.l iaj ( 1 1 / 17-12/ 16) �1 1 S � ts: IJ O) f�J\..:r.. t- Jv =¥ - :to  J: U3¥ 

�JB��:1J:I: c t vcllt:k-c' s o t,; ,  ¥£�3W��t 14.9 % c ��'s�C. {i1., , .  s 3f�J.lJ!O) ;: 0) ;!tlJ 

iaj O) f��t 4.84 m/s '"c' � 0 t::JC. i iJ•iJ•:b G f, 7 m/s ��;{. o E iJ; 2 S � IJ ,  "£ f-:�iajJ.ljf 

10 m/s �m*-. Q �iaj*;o!ffi� � 0 t.: . ;: :h,�tjljf 7 m/s tJJ:--c- �1 . 7
° 

p """ 7  iJ!J:jjvc. im JPJ  

L ,  J.l ��ti!-tt.::ot>,  Jl.O) .:r. * 11,, =¥· - �fflto:ffl:1J¥6�vc.�#- L tJ:. 1., ,  t.:: 'c:i.J vc.,  ��t�$t,;��� 

tc. {iT L t.: i O) '"t:', J.l.:i:. t- ;t,, =¥ - iJ; *  � < c t , ��tiJ�iJ;* � < t.c G t.c 1., , �� t � IJ f.!1- o  

;: c ��* L --c 1., , o .  

7
° 

1:2 -"  '7 *30) ���1. � 7 tc� L t.:.�:@lf}O) J: 5 f.t l:f:L1J�tt��-tJ.l}J[O) fUJ=!Hc J: 0 --C , 

J.lJ!tUffl �Jif O):f.t*vc. J: o ��?i<',b� O) JPJJ: � XJ.l�-t� � --c,� 6 :i .  
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Variation of wind direct ion 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
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·II 

. .  

Ill••� .. . 
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H. direction 

. - . 

[gl 10 l!I.J!, §LIPJ(;1)�{[::t.:.xtr;t:-t 0 V, H JJIPJ(;1)�£bjJfJ�ffi'.�1l:(;1)fJIJ 
(ultJ'.JEW3Faj : 1984 � 1 _'1 19 E ,  1414-1423) 

Fig. 10. Example of variation of vibration acceleration in V. and H. directions, with variations 
of wind velocity and wind direction (Measurement term : 1414-1423, January 19, ]984). 

0 
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4. 4. ffilb�� 

�1t[O)'tc�ttiii[�O)�jj?.t c L t , �iMJs11t 'K'fr ·-:d-: . t�lb�t.J.i,1t[O)Jlflf'.:.:!l!�:7J(Q] (tJ 

r v n(Q] t tci"') , 7Kf n(Q] cur H 1J(Q] c tc-t) r::.J& � ftvtt-.: -t /' -it- - ·-e�lli L ,  2 1J(Q] 

1JuJ!�t1&1taH-c·��-t0 c c  t �=- . �� / v ::i - ;( -c·i2� L WHw1Ju;I�-e*n-t. �J!. Ii. 

(Q] O) ;!f {U:::.:tt-to V, H :Jj(Q] 0)1J1a:v1Jo;f/!t�{t0)�19u�� 10 (i'.t!UJEMi�j 1984 � 1 )=j 19 8 ,  

1414-1423) i::.�-t. fqj Cli.Jf-C· t ,  Ji. (Q] h?££ ft-t 6 �it c L tJ: \, ,�1t-c· �t. . 56�-t" 6 tJ.&itJ1.m 

;fm'.r:. h :.  t,r rJ 0) &h�Jl 0 ;h, 0 .  ;:_ 0) �ii-0)1�1JJ1Jn;toc,t. ,  Ji.•.m�lM] O) V ::tf (Q] ,  H n(Q]-l

n�hv::. v::) \. , --c ,  t�JJJ1J!lJ!oci=-�EEi::. J: o i�lb1.Ju;Ifffn:1.J!l h 0  td{tl:ks'9 tJ: t 0) 'K'iJlfl'.IE L --c 1-. , 

6 .  vuxJf, [Rl 10 -C·jl,jf 5.4 m/s :::.Ht , t ,  jl, fti] b�Il£{t L fJ: t. d:�,g-rx V jj(PJ v::. l lO gal, H 

:Jj[PJ;:.  120 gal, i t� .  J UPJt.J;�J:::.�{t L t� t�,a V :15IPJt=. 330 gal, H nfPJi::=. 280 gal -c-� 
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� 11 )1il.� c �]j[v')f�llb1.m�J5U:: Ci') � �  (?1!U7t;!tJmJ, : 1984if: 1 }J 1 8 D ,  0900-1400) 
o :  Ji.JPJ�lbfirWJ 1J, � l ·�fr,  • :  Ji.JPJ�i/J'3v')j( 2-" l  ·�fr 

Fig. 11.  Relation between wind velocity and vibration acceleration of windmill 
(.Measurement term: 0900-1400, January 18, 1984). 
O :  In the case of a small wind direction angle. 
• :  In the cace of a large wind direction angle. 
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f.t :Jo, iu}EWrn"j 1984 if 1 J3 18 B ,  0900-1400 0) tuiiU!ciR'-a: t c vc L t  (� 10 $�) ,  J\.i! 

c tf&i:IJjJnJ.t� c 0) �1* '-a:� 11 vc�-t-. J\. rPJ?Jti:JJO)�j;'vc ;o.;o.:b Gf, J\.J! 8 m/s ·-e�t:JJjJu 

J.t,.!Jt;o; e.· - 7 c f.t 9 ,  -r;ht.JJ:--c· t ,  -rht.J T--c· t �j,'O)ffirPJ '-a:�-t". �ffl�fil'CJlh , t�m. 

1J5e'i[�fiJ:t.,  J\.J.I 7 m/s --c·J:1Jvcf,i!P] L ,  8 m/s --c-l±l :t.J�:*: c f.t fJ ,  -r.:ht.JJ:--c· v:t. lli  :t.J;o; 

�?x�o/-t- 0 .  

� 1 1  --c-M!PJ?JtibO)Yf.t l. ' W� c v:t., 5 tvraj vc:.to vt 0 Jl!PJ?Jtib'3;o; 5° 
J: 1::> t 1J, � 1. -:il;}�-c. 

vi c 1v 2::· JlJPJ O)�ib L t;r. i., , w� t 1!; "i tL0 .  "i t� . M!PJ�ibO)* � 1. ,w� 2:: i:t. , M.tJPJ�ibjrj 

;o; 5
°

'-a:ffi* 0 W� c �}E L �. ffiib�J.t,.!Jtn 5 �MO)f:ieyM-C, Mitn� ��K:Jovt 0 5 

�fajO) f:ieyf@:'-a:�-t". tf&ib;/JnJ.tocitl}E0) *5*, :ft*Mv:t. H n!PJ--C'*9 400 gal, V n!PJ --c·*9 

385 gal (� 1 0 ��) -e, .:: O)�ft'. O) fJNI/J;/Jn3filft'.-C:·�:t.M�¥zH:t. +5t��-c:·25 "'.) t� . 

4. 5. B:lHJU!t 

�Jl�. Jl]![viffi#'J&'-a:�1:.-t-0 11;, t. ;h;o;,�1f� c t;r. 1:J ,  J...8"31:.Mffl!tvc�-'-a:-§'.-* 0 .  

R"EHc -0 1., , twa11t L t��-f71J'-a:� 1 2 vc7f--t. iu)EWJ B �itlBfll 59 � 2 J3 6 B ,  iu5E�Fajmvc :Jo 

vt 0 f;L��mtifB - 5
°
C, f:Iey;t§.xt�NifB 60%, ilJ.IifB 7 m/s c 1. ,  5 �ftf:T--c·fi ··:d� . 

. �1f I/ �  ;1,, 0) iu5iv:t. rns-Z-87 31 Rfi I/ �  ;1,,iu)E�J c s  *fi•ttt-l@�. 1 9 73) ic�� 

L -CA �tt'-a:�}E L�.  Jj.$0) !jfi�n�fi� c � � L. �OO� c �}Ei"°0 . ffl�O)!jfi� 

G • 

80 

70 

60 

50 

40 

1 00 200 300 

Dl•tance from w indmil l  to  meaaurea po•lt lon 

lg] 12 ft1f" v �JvQJ��!lftt 
a :  �� v �Jv-C 80 dB (7)ffl�fu!i; b :  �� v �Jv -C  76 dB (7)ffl�fu!i; 
c :  �� v�iv-c 70 dB v�IDJuM!; o :  ?JlU,tM! <�• v �iv--c 76 dB) 

Fig. 12. Attenuation characteristics of noise level. 

400 

a: Theoretical value of 80 dB on standard level; b :  Theoretical value of 76dB on standard level; 
c : Theoretical value of 70 dB on stand:ird level; O :  Measurement value (76dB standard level). 
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n:-f:. � � �M: 0 -c 1.,  , -c t ,  7c{}) -f:.  � � vcJ::� L -C{J{UJE-t Q �m 'i c'{}) filg�/J:-f:. � "' ,�,g-a,  7c 

h � ,S\trV]U: �tJ.: -t ;::  c ii; --e � � .  "i k., Ne�tn�::. J: � iJnx�%=1t•lli {})�3wafil[a,  11:fv!Ut1ttH� 

[P]lt c {&:JE L ,  fJi,xR�fz;;l c L -c viH��ffijlBMt-t � t.::. tb ,  �M��tJ::Ji!e.j]r,xfi c ��re J: Q 

g&J!xiJnx�(]) � c L t.::. .  

� 12  vc:;o vt Q JlJ!ilB 7 m/s {}) �fflUf@:vtJ;)J v � ;t, 76 d B  vc :tovt Q :l!Il.Mufil!�ffi-t b Im*! c 

3lrftl L -c 1., ,  o .  fflUJE.�iJ\@1l!f J: lJ 100 m UJ:vc tee Q c ,  �ffllJ{@:(])tJi,x:rt.iJ:J.ltifufilLt lJ * � < 

tJ.: Q . ;:: hvt�!ifufil!-c:- �t�nt L ts:. iJ, -:, t.::.ffi1§'tJ.: t:' vc J: � i;� c .�-bh� . �fflU{})*5*r� J: h 

vi, Jl:i! 7 .5-8 m/s -c-![l11:f v � Jv vi.�* c tJ.: I') ,  £$&m:-C-il8 80 dB c ts:. I') ,  7c{})tJr,xJH!. a 

1mtlc·31fftl � .h Q . 'i t.::. ,  i.\J! 7 m/s vc u vt o £$.�tc:to vt o !ffi1f v � Jv v:t ,  fiJ�(]) J:: 5 v:::. 

ilB 76 dB -C:'c:5 l'J ,  'i t.::.Jl� 6 m/s vc :to vt Q £$.�vcu vt � !3itr v �JvflilB 70 dB -c-c:5 o .  

!3i 1f  v � Jv/J:il8 45 dB tJr{}) �i5-vt, ��1f v � Jv.Llr c tee lJ ,  A�1:M�m'.-"'-{}) JJ�vi. c:5 

'i 1'J rAi � c t.i: G t.i: \, , • 

� 6 -·e i i::d1" Q c :to IJ ,  i.\:iji�fflt,s(-C' ii.J P¥:!$Jil�iJ: 6 m/s �ru:ix.o  � c v:t t.i: < ,  �Ff=lj� 

ji c -c ti c ,Z; c· {}) �Ff=lim--r,ll-=g v � ;t, v:t c 1m*l J:: IJ i flf 1., ,  c � x:. G h  o .  c 1m*! c' v:t£�.� 

J:: 1'J � 1 30 m *hhvf�tr v � )L,vi. 45 dB J:.J r c ts:. IJ ,  A��m-"'.{}) �-�t vi c ,Z; c· f.t 1, , .  

4. 6. �� .r * ;1.,.:¥-0) iHlUIBl!:Iffl"'O) f1Jffl 

4. 6. 1 .  ('£1§f,Jr�jg�:l:{})!t� 

c' o.) < G 1. , o.) �_1t C�t.J) -c, , c· o.) < G t, , o.)1§'��/J,-t �  c n; --e � � n• v:t ,  r.mJE�f*o_)JE 

�tJ:: G Uvcjsffl:�1±1 11�;:k:JE-t o {}) v:::.m�tee���f¥ -:, -c 1., ,  o .  m�jsf?�:1:vt , {J((]) J:: �He 

H�-tQ C B  *7l���ftMb4t, 1977) . 

qs : '§lCf� x:. G h � 9ffi�Jt =c1 • .::ft , s • r8 [kcal/m2h] 

qm : '§{}) ('£)Wm� = l • s • rs [kcal/m2h] 

qe : �1t.� =h1g (0 .00872V +0.0107) (4.70 -p) [kcal/m2h] 

qn : x;jvfE:;o J:: UQ.f#v:::. J:: o ��it =290 (0.00872V +0.0 107) (t1-ta) [kcal/m2h] 

Ar : �mifffvcx;j-t � fl'§O)�t, ,ff!Ht{})r.mffi.lt ( � � ··ea 0.5 c {&:JE) 

7J :  �?><ii$ ( �  � -c- �t 0.7 c �JE) 

{!! L C1 : '§(])J::G¥?� [0.5 kcal/kg°C] 

.::ft : �Uio.)*5:MU"a.� [°C] 

rs : '§*flt [kg/m 3] 

s : �H�'§:i: [m/hl 

J :  7.K {})('£!ff�� [80 kcal/kg0C] 

( 1 ) 
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V:  mi! [m/s] 

p : *�(7_)7](��UE [3.9 mmHg] 

fJ :  i!!'�Im1Jn�mt� [°CJ 

fa : 71-�ml [°C] 

hfg : ��7]( 0) �1r.� = 539 -0.643 (fJ- 100) - 0.000834(fJ- 100) 2 

ffe:. 3 (7_) �{4:�� (1) vC ftA -t� c f!Ji\�96¥m:IU'l: 

.! 

Q. 

II) 

Q. 

.� 

� 3 il!!l!�ffl���ilft�O) tc cb (l) �{4 
Table 3. Conditinos in calculation of heat required for sno w melting. 

Subjects Condition A sign 

Atmospheric temperature 

Snowfall intensity 

Density of snow 

Temperature of snow 

Velocity 

Heating temperature of the surface 

Melted area/heated area 

1 6 0 

1 40 

1 2 0 

1 0 0 

80 

80 

40 

20 

0 1 0  2 0  3 0  4 0· 50 

-3° C 

3. 5 and 7 cm/h 

150 kg/m3 

8 0  

- 3° C 

5 m/s 

0° C 

0. 5 

7 0  

Area of melted snow (m2 ) 

lg] 13 �*ftilt 7J {c. J: G il!!l!�Ifilft 

8 0  90 

s 

Sa =5cm/h 

S3
=3cm/h 

*O)ffil3't:  150 kg/m3
; *�O)f/lal3't : -3°C ;  �O) f/lal3t : - 3° C ; ,Fil}fil : 5 m/s ; 

�ittdmffi/:bo�Ifilffi : o. s 
Fig. 13. Relation between electric power supplied and area of melted snow. 

Density of sno w: 150 kg/m3 ; Atmospheric temperature : -3° C; Sno w temperature : 
-3° C; Wind velocity : 5 m/s ; Melted area/heated area : 0.5. 
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S1 = 7(cm/hJ {!) �it : qo = 1 301 .0 [kcal/m2h) = 1 .51  [kW/m2] 

S2 = 5[cm/hJ {!) �,fr : qo = 943 .0 [kcal/m2h] = 1 . 10 [kW/m2] 

S3 = 3 (cm/hJ 0 �-f:t :  qo = 585. 5 [kcal/m2h] =0.68 1  [kW/m2] 

c tJ:. 9 ,  .:. 0ffl�5e�iiir, G ffl': h  c �:e�@ffi c 0 001* ��-t c � 13  0 l 5 vc tJ:. 6 .  

L i:iJ: -0 tfM!W0J2:,�t,deyJ!;ij v,:::.&::,�tJ:: .:r.. t:- )[,, ;!f' - z-#Uir-t 6 ,Q;,�i)� j; 6 .  )[:- 0  t-:oo f:. vi, 

Jj. {!) :x. * } [,,  ::¥ - 'z' 1ft ffl L 't £,� tJ:. �r:. f#Mr-t 6 t;, ,  ftE 0-= * ) [,,  3r· - c 0 W ffl 'z' � � -t 6 &;,� 

iJ; '5 6 5 .  

f.f v::::. 7f-:�Uffil.J!t 0 fl£ t. , �ii'" , r.ilE w 1J( iJ � ti� 1Jc � 4' -e mH!-t 6 .:. c iJ � ti; 6 0 -r-, -r 5t t,d�i: flt iJ: £, 

�--cs 6 .  ��0mi¥e%?!1tt� ,c J: 6 �:!!'§iiff-�w[, ;:f;'§Ifiltil\il!t, �:1!�®7J(5}., rlf1W., ,litfP] • 

Jj.J!, El !#.:1:f,d:'� < 0�*/);i);  G �JS 0 t :t-o IJ ' Mtfrti�FR;(c�tffi-z::·s 6 .  �r:.Jith%� 

0 .:r.. * ;r.,,3r· - �tUffl-t 6 :1;� t;- :t ,  f#Mrtir. h n; B "Z ¥£if. rt 6 0 -z::- , Jj.J!il;:* --c·;!f!�ifHrr:f:ttc)jl 

t!IJ:�� "i -0 t::. 1? ,  ¥Zic tt:. i) Ailfil.n:fft < t.r. 0 2:: ,  M'W t::. J: 0 --c 1=. c t::. 1.K>tn;�*a L tJ r.;t'fo0AA:I! 

'�(::.��-��;{_ 6 .  

4. 6. 2. ��*5* 

��tifHc lt!'.tft L t::. illlJt!Mt:1:::. J: 6 �Tu·0 9-nJWM"!!Rc· , t ,  ,®l;I 5 m/s, Yi-3'-l:tiil.*':J 0
°

C, a -!# 

(a) 

(b) 

� 14 ��m n :: to it 0 ,M;�(') �fyrJ 

(a) ffl!R*(') tl)Wj(') fylj ( 1983ip 2 1§ 2 8 1200) 

(b) f,f!l!�(') fffl:/J(7)1Jlj ( 1 983+ 2 }J 1 5  8 1000) 

Fig. 14. Example of snow melting in the rest laboratory. 

(a) Example of early stage of snow melting (1200, February 12, 1983) 

(b) Example of later period of snow me/ling (1000, February 15, 1983) 
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:!4Hi::k1.t , vc;tmf-f-e � o .  ;: 0)�{1JJ J: IJ t 7f.�mliJ;fI£ < ,  S M:l:iJ;�,tJ: < ,  ��:l:0)�1, , �� 

ic vt � G vc::k � t.dJt�1t:1JiJ;�\� c ts:. o .  

ts:. :t-o, ffijje�f*O) :JJO�H'C J: Q ,Fµj$�fJ:FM!1[,�iJ;¥e�i'"htl:, El M C  O)ffi��*'c', -tO)M 

��a'q:t�K�aKM1[��-i'"� .  M�tj:tO)·�a'� 14 K�i'". � 14 0)�-M�K�ffi 

9e�{*tJt)& lJ ftvt G h -C :t-o  IJ ,  (a) vifµj$�ts:.1M!1[,�0)je1: Lt..:171Ja'� L, (b) �i::k$iJ;,!ii!1[ 

L k�-€i-O) f7tla'7J'i'°. 

s. ffi±m··eJoo.nJeft��tmr·t o �ifQ)ffl�*� 

13B:f0£:im�� 1983 if.J{ti C!E ft�:imM�m. 1983) �c J: hvfl3B:f0£:im�t::kP.til'- G�h -c 1, ,  o 

t::.'bb, ffetrnrf�mO) ��tJ;�tJ: < ,  wJ�O)£!mO) 5 � --c:- �ilt��llltJ" < ,  m t -thvf E� < 

fJ: \, ' ·  

13B:f0£:tmvc:t-ovt Q 1957 �;o. G 1982 � 'i "(-O)�fWeJHc J: hvf. ���f'ElUi 10°c (1977 if 

1 }l 21 El )  'c', lllf.!£�ml�i -45.3°C (1982 if 9 }l 4 El )  --c:-� o .  � t::. . lll::km�ft 47.2 m/s, 

:m:::k�Ffcl9m�vi 59.2 m/s --c:-� Q . tJ:t-c, 1957 if.n'- G 1982 if. j: -c-O) �::km� lO m/s t-JJ:O) 

�f � El flvi 207 El .  1 5  m/s UJ:vi 1 15 El ,  29 m/s t-JJ:�i 14 El --c:-� o .  'i t.::.., 7· !.l -v - r 

El fl�i�f� 75 S -zb � IJ ,  El *FJ:f:tl!vClt«, mO)��tf, jj"ltiJfiiJ;3p�rCS.9i\, , 0)  'c', j,\.:c. 

* Ji.,,=¥- O) ',fUJ!HC �i��tJ: :im� C � *- G h Q .  

mn¥e1t�n! c L -c,1:1, ,  ;s 1, ,  -0 0) ID�O) t O) iJ;�ffl-ft. -� h. 'i t..:if�tj:t--c- � Q  t1;, m,::(£-ttt 

!f.. --c-�ffl 1t � h -c 1, ,  o t 0) vi 7• i:r ..-.:: 7 IDiJ;� 1, ,  0) --c:-, t.I. r 7
° 

p ..-.:: 7 IDvc --:>1. , -c jm« o .  

�:tlf!--c:-mnIMta' ��-t-Q �ii-. mn¥ett '/ A T  A �i. mO)� � tJ: c J: 1J @1$iWaJfij1Jf* c 

•m:tc�i-tmti;:±�tJ:�� c tJ: Q .  @l�IDaJf!jn��i. 7· v - r OJ!& 1J Hvt���*- Q  AJ� e 

';/ -rnA c Jml]f[�f*a'mrtinc J: IJ m: i::> -l:t o  ��1tll0015�iJ;-tO) ±vftO) J: :> vc}i!,\:hh- o .  

PJ� e.· ';/ -r nAvi ,  ,J,�O) t O) �i@l�tc J: IJ 1:f Q J&{.i' JJ�fljffl L ,  ����x. o t OJ iJ; 

� < ,  *�-c-vilm\.:1J--t :/-IJ- - vc J: IJ Jm\.�a-�� L,  ni!EESf'ffl:::fJvc J: IJ ,  7· v - 1--" O) �)J(a-� 

x. -o  ID:i:tiJqf� � h-C 1.t ,  Q iJ;, ��vc��OJ�\. ,��a-�,� c L ,  tUfiEIJ@llm t fl*l-c-!,l!f'Fft 

t � < .  ��ttK•��� � J: 5 Kmbh o .  

��MfiEIJnA�. ��-�t.I.J:K � Q c ,  § -�K� �ffi�jlltiJ K� L-Cft�OJ �)J(K� 

�a-�x.. � tc.'bb. •�1: § •��c�fm\.a-l.J·bi'" ;: c qctJ: iJ ,  ••�O) ���Ji!O) �\�vi tJ:\.- ' . 

tJ: ic, �1t�lli :1J*9 1o kw tJ.J:O) �ii'�i. @ •fJ}1r.�fi:a-ft1Jni'"o :151* t �ffl ft � h-c 1. ,  

-o .  Lt..:il; --:, -C, ��tUfiEIJ:15:i:t�i. !J!fFfttJ;'.t( < ,  it� :1J:k--c-, f'F.ffiH}il; jl'tJ: < .  f*�lffi 

i. r, G t  �WU c �x.. Gh, tiJ!!!-c·OJ m1J.:i:. * Jv =¥ - OJfUffl vc�t..: 0 -ca:.,  --t7.t�Mt � h  -c J: 1, ,  

1f 1J t.t. 1f:i=t c � x. G h Q . 

*ffl"E�iffi:f:tl!O) Jm\.1J.:i:. * Jt,,=¥ - O),tf�.bfUffl a'*" , vc;M� L,  7· p ..-.:: 7 IDvc --:>1.t , -c .  Jml.:i:. * 

� =¥ - K l --:, -C�k1t:1Ja-/� y T 9 - a- � L -C �ffli'"-o .ii-Km� L -C ,  -&�m••�a-
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c 1 ) 1- :1 7· ;1.,, 0) � \, ,W(@a=B�ffl:��wcfflH:t'lrr:i1<::. '*!f -t0 ::. t .  

( 2) @J �IDa}frHc. v:t��ftfJ1)tJ]:1J;ii'.;;b;if JJ tJ:. :1]�"1:- .35 0 ::. c .  
c 3 )  t�;©v:t c· � 0 t-: vtM* c·�Utl:::kc·.J5 0 ::. c .  

(4 ) ��. J®JE� O) �iHl, EI l:!J�tc. � 11::-t 0 -;,- 7- 5- A c  tot "'.) -C l ,  0 ::.  c .  
( 5 )  ��@JlfiLt��1tlw 11::@J �ft"t:', @Jlfitl�tt. ffiJlfi ts:. t O) "C cl!> 0 ;:_ c .  
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( 6 )  ��rfu�:tfJffl:i'll1c·Rl " il;, �!k��vit�ft � O) t 0) "1:·cl!> 0 ::.  c .  tot :to,  ��rfu O) f*ilJii. 

ffitl=mK L -cm��ff�W� t -t 0 � c . 

( 7 )  Jj. }'fI0) 5E�!fil.J!ii lO m/s �tl O) {i O) c  20 m/s �tlO) {i O) c tfl.�ii"b-tt -C {!,eJ§ -t  

Q � c .  
�1f� O) t{gc'v:t, nTibt-B O) f'p!JJ{@i.1;6!fl: L ,  @J$i�1!PG�I§ c tot "'.) t:.. I) ,  �,fl�� O) !w;51ff*� 

O)�ifc. J: 0 1- :1 7·· ;1,, , �1trfu O) �fW�O)�*atJ: c· O) $t&:o: �x.. G n 0  O) "t:·, ---t-:B-tdit��xt* 

ii: �l\t � n tJ: vtnvitJ: G tJ: 1,, , .  

6. "i c '&:> 

6. 1. Jil.]f!3e�ttfflgO)f=NJO)�ffl�� 

jJR!fJIDaJ1t 0) M!tt :;$:�fi:c· vi 8 m/s c·:ifl::k/:f1 JJ c t.c iJ ,  fiRmtl t �::k c tJ:. 0 n: ,  8 m/s "t:·]$1 

IP.11.1;-E,� L t:..�ii", tHfltrt.mJ£:��:t:ifl::k*9 400 gal c tot 0 iJ; , ---t-:B-��vc.Jl�c· � 0 .  

"£ t.:. , 1tJJ5 I �  /:f1 L O) @J�1*�!kfmiJ;�@J 1*�!k:7G� 0) �t&ii; cl!> -?  t.:. iJ: , ;:. ;hv:tI�JJt!II 0) :7G  

Ril��lzslc·, -{- O) {t!H:t¥e�� :t.H:t �?Jj�c. �r�tJ: < fl]� L -C  :k I) ' *�nfO) *�tta tj:tiliitf 

c· � t.:. C*9 2 i:j::.if39�wcJl$i) . 

6. 2. � :g. 
Js.l.jf 7.5-8 .0 m/s c· .�y l/ -"'  Jl-+i:l&::k c t.r.. I) ,  £�&�--c-*'j 80 dB c tot G .  ¥,J 1 30 m � 

ntd:f§{f v � ;i,,a 45 dB tJr c ft:_ IJ ,  AE8�ti!(f�m� O) �(ft:t&:t c Iv c' fJ: l ' .  

6. 3. �� I *  Jv=¥- (J) m�R��Jffl"-0) f1Jffl 

Ji-�l/fil. 0 °c c· �:t . *9 93 W/m 3 (!ID.:il!*9 5 m/s) tJJ:: O) � JJil:f:Jtftc· � ,rc !iM'§3<'JJ*t :t* 

l '  �c.:jtJHi ··-c � 0 .  tJ: :ta, OOJE�M:tr::. J: 6 n'lj$�1rf!�.Bii�JE:1::i'"";h Lr ,  B !l U:: O) ffi*:t:iJ�c·lrf! 

�,B � r:p,t.,vc.�,�vc.r!��il:��-t 6 .  

6. 4. ffliiifr� Jil:t.J � flJffl i"" � �.g-0) M �tni 

1�J§v:t c' � 0 t� �'fffi,lfi c'�IJltO).::k � l ,  t 0) �m i., , , @J !P-iffilJfJ!D1c. i :t��tU1)tJ]:1J:i':'i'.:�1*JH ,  Ea1 

}JO) JEt��;il!a lO m/s �tl O) t 0) c 20 mis �OCO) t 0) c �m;z.,_ �h-t! --C ttffl L .  � G0 f1JJ'f1 

$G0 !P]J:�!Zl 6 �,�iJ: .35 6 .  



98 

)t � 

�:rt!t:lt- · 1:!Hi�+ �; (I98la) : § �lf[J:IHa1it�mf &-:f1jffl L-t.:: 1J,�,m.lf[¥e1l�mf'1.)�'[1:f:: --:) v, -c .  fJclB 
'7.) § f'&.:i:. ;t:_ ;t., � - , 2, 29-34. 

��1t- . ttHi�+� (t98lb) : ,J,ru!m.1J�m�mt'1.)�f"f. f:kEB�:w7ilf�*2�, 16, 41-s2. 
�.ftf!i�7ilf'.9l:m (1983) : llB*1���� 1983 .1¥-�. 1ttJ?:, 4-6. 
*ill iJ.l. (1982) : 56 .1¥-i'iffl'vc.to f:t 0 .Al¥J��'7) ��- ffl'1l<, 44 (2) , 83-91 .  
B ::-t<@���11::tfrh� (l977) : *1Tlwffl'.I�/' :,,  F 7. ,y 7 . }+tg, �::ltlli�, 16-29, 268-275, 333-343. 
B :,fs:tfff:ft;pl-tii; (1973) :  §'gf:x;ftf�>, :,, f 7' 'Y 7 .  **• ttffl'!it, 9, 60-67. 

( 1984 if. 8 J! 1 B '.3l:W. ; 1984 if. 8 Ji 6 B �tH�1f@.) 


