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Practical Running of Windmill in Cold Northern District

Koichi KikucHi*, Jun Ito* 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 1kW 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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Fig. 2. Dimensions and arrangement of test laboratory.
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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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4.1. ERBEDOHER
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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.
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Table 1. Example of daily average wind velocity, most frequent
wind direction, snow depth and weather conditions.
) Ave_rage| Most
Otservation | wind | frequent | Snow deptt Weather conditon
‘ (m/s) | direction

Dec. 1, 1983f 12.8 WNW No measurement Snowstorm with strong breeze
2 i 8.9 w No measurement Fine, later rainy
3 | 9.9 | WNW 0 Cloudy, often rainy
4 | 8.8 WNW 1 Snowy
5 4.3 SE 0 Cloudy, later rainy
6 3.9 NwW 4 Snowy
7 2.3 ESE No measurement Cloudy, occasionally rainy
8 4.2 . WNW No measurement Cloudy, occasionally rainy
9 2.4 NW 0 Fine
10 3.3 SE 0 Fine, later cloudy
11 6.2 w 0 Cloudy, often rainy
12 9.9 WNW 0 Snowy
13 3.2 | SE 5 Rainy, with occasional thunder
14 6.6 NW 0 Cloudy, often snowy
15 4.1 NW 7 Cloudy, later snowy
16 9.8 WNW 6 Cloudy, often snowy
17 4.4 NwW 7 Snowy
18 4.3 WNW 7 Cloudy, often snowy
19 7.1 WNW 10 Cloudy, often snowy
20 5.7 NW 10 Cloudy, later snowy, occasionally fine
21 2.2 WNW 10 Cloudy, later fine
22 3.7 | SW 6 Fine, later rainy
23 6.8 NW 1 Fine, later snowy with strong breeze
24 4.2 | WNW 2 Cloudy, often snowy, occasionally fine
25 8.4 ! W 25 Heavily snowy
26 10.2 | WNW 19 Snowy
27 2.4 ' SE 11 Fine, later snowy
28 2.5 SE 1 Fine
29 3.0 1 ESE 16 Cloudy, later snowy
30 2.5 ‘ SE 18 Cloudy, often fine, occasionally snowy
31 2.1 % SE 15 Fine, occasionally snowy

a]\?ea}'lallée 3.3 {

REIRE 2.1m/s, &R 12.8m/s T, FHIX 5.5m/s TH- 7.

(3) AFHRAE- - B FBHKREOLEIL: 1983443 X v 198443 F 2T 13 » AlEicss
F2BFHRERS IOAFAKIBOELLER 61ZRT. 7THA-9 ARKENE L, BREILIH-.
7, 12F-2 AOLHMIIKBMELS, REIXKTHS.



No. 84. 1985] FBHITH T 2 BNREBOEREEIZOVLT 87

[&)
L
Y
-
2
'; Monthly average E
E 8t atmespheric temp. g
£ :
; Monthly average -
g wind velocity o
2 140 o
o 3
- Y
£ - 30 o
S E
° | ©
=] 20 Q
o g
[ |10 -
>
2 >
> 1 O N
= 2
- -
S -|-10 =
s [=]
=
0 i i 1 L L 1 H i .} H A i
3 4 5 6 7 8 9 10 11 12 1 2
1983 1984
Month

B 6 FTHAE- - JZBEOEHWAEL
Fig. 6. Seasonal variations of monthly average wind velocity
and atmospheric temperature.
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BRI O A FHREIKL L LT, FEE2TES AnfE, AFHREIIFFEE
A, —0.1-4+1.6m/s DEDH 7. 7oL, &2 THWIFEERMBARRERED 1975-
1980 sE DR EHEETIT X 5 6 FHDOFHETHS. N6 1ZRTHROKRAEE (105 EF
BENXI2ZA25BD 20m/s THH, BHERAREIFAAD 30m/s TH- 7. Iok, BE
D1 HIZE T HREZE LY, FEIZIB3R-1SHEIR LMD IERID D, MZEDHED
BENIE S hinh -7,

4.2. REODEE - HH¥E

REEE 1.85m, BEHBOHEOMERELRAKRC X > TRoHREE 7127
FOE Tm/s TREREIZFY 530rpm T, RBEIEHEDL Y, Th EORETIR
@A L, 10-32m/s TEIEEFITH 550-580rpm Lich, RiE 34m/s Ll ECIXRBEEER
HREST 5.

SHEERTHHERE 38m O LHRHFREEE 1 Bic X 5 EMOHEYR 8 1CRT.
ESE Tmfs TEKHD 1XW Lieh, ThlEoRE TR EHRTRmEL, REHdH 1.04kwW
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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.
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Fig. 8. Relation between wind velocity and electric power output
of the windmill (Tenpu 1).
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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; n,: Efficiency of wind-
mill; ng: Efficiency of generator.
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Table 2. Example of monthly average electric energy and conversion efficiency.

! Daily average wind

Term Daily average generated

(month/date)

7/ 1- 7/30
7/31- 8/29
8/30-10/ S
10/ 6-11/16
11/17-12/16
12/16- 1/ 6

1/ 7-2/22

energy
(Wh)

248.5
239.8
276.4
549.9
2763.0

470.0

electric power

33.2

Conversion efficiency

(%)

32.7
30.2
33.5
15.0

10.5
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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, 1984).
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4.4. FEEHAE
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MEEIRESATEF TS L LT, B v v a— A TCHRBLENERECEPHT. BE, R
FOELZHTS V, H HRoREInEEZ Lo —Fl2X 10 (FEHF 1984 51 A 19 7,
1414-1423)1z7r3. A CEETY, BEPE(LTA5EE L WIGE T, EAETHIREM
IR D DENRO RS, ZOEOREMEE L, BREZREHO V FHE, HiRL
NENTDOVT, REINEEITAE X2 BEBINKEL i - 72 &M b DR RIE L Tus
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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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Pr3s, BIEMIRE 198421 §18H, 0900-1400 o @B EY b Lic LT (X 10 2R), RAE
LIRBYINEE L 0 BIR AR 11 iR d. REEHOE bbby, RE 8m/s TIERE)M
BREP -7 Eth, ThEHETH, ThUTTIRAPOMEEERT. RAZEBCHVAR
HREEBIZ, RE Tm/s TEH@A L, 8m/s THAFZRKE LD, FhUETIIH DM
WRBAT 5.

X 11 CREEBHODIWFHE LI, SBECKTIRMEEBAL S° L h HNIWEET,
FEAERBOEBHLEVBEDETIAD. T, RAXFOREZVWHAE LI, RAEHA
2 5° B AEBEERE L. RBMEELSBREOFHET, RERIREHNCKTSS
BHoFHERLRT. RBMREAEDOER, HEAMEIX H HETH 400gal, V FETH
385gal (M102M) T, ZOBEOERSMEE CIIEENITHEETH .

4.5. BERE

MEKE, RERRVSYRELETLIY, hriBHFEEkY, ANEFRECEEY 525,
BEFCOVWTAE LL—AE2K 12CRT. BIEHBIXERNISIOE2 560, AIERMTHECE
T B FHSEH —5°C, FEEMBER 60%, BEH Tmfs &\ 5 FHETTT- .

Brir L~ L DBIEL [JIS-Z-8731 B2 L~ L BIEE] (HASEHERS, 1973) i
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Fig. 12. Attenuation characteristics of noise level.
a: Theoretical value of 80dB on standard level; b: Theoretical value of 76dB on standard level ;
c: Theoretical value of 70dB on standard level; O : Measurement value (76 dB standard level).
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MRKEEHRF-TNTD, FOREIELTHAETAEM T TOERNAETVERL, £
MedHRELRTENATES. T, BEC X2 REFEEEORERMEL, IR &S
ML REL, HEERL LTI ERERLT2 2, ERFENREEBRELERT LS
IR TED o & L 7.

M 12123132 AEH Tm/s OFRIfEIREE L <)L 76dBIc kT 5 EigfEx 3 bihig s
EPLThS., BESHPARELDY 100m P liems s, RBEOMEIERMEL D AEL
A, CHRIIERBETRER L2 BTS2 BLELhS. EROKRT IR
¥, JBE 7.5-8mfs THEEFLVSLIFEAE ), EREMETH 80AB Lich, LTI a
i THEL IR, T, EE Tm/s CRITHHEESR BT 2EFT VUL, TR0 X 5T
# 76dB THbH, FTLREE 6mfs LRIFHHEESCKTAEFTV-ILIFHT0OAB THS.
BFELVSNANH4ASAB LU TOHREL, BEEREVSILUTER D, ANERRE~NOEELS
FhREE S I,

M6-Thind k), REZEATIIAFHRED 6m/s #8252 Lixisd, Flx
BUTEREAEDREH TRE VLI B LI IELEZORS. c R TIIHKESN
IO 130m EERNIEEBE VL 45dB LT E7eh, AHRBE~DRBELIZEA L.

4.6. REIXRILX—DOERSUE~DIA
4.6.1. REERBEDOIHE

EDLBLVWDOEE (B T, EOLKLVOTERNTIENTEE L, ARBGEOTE
Kb W RBEREBIR2RETH2OREELERYF -T2, FIEREEIL, ROoX5i
SHET S (B RELERILER, 1977).

G qo=%{qs+qm+Ar<qe+qk>} [kcal/m?h] (1)

qgs: TREZ b bHBE =c1-dt-5-r, [kcal/m2h]
Im: TORFHEE=T-5-r; [kcal/m?h]
qe: FALE =hse(0.00872V +0.0107) (4.70—p) [kcal/m?h]
gr: X HE X OHREHC X B (5 EUE =290(0.00872V +0.0107) (t;—t4) [kcal/m?h]
A, STERBCHTAEEOE T SOERE (22T 05 LEE)
n: BghE (zz ik 0.7 L{RE)
HL c: Folbzh [0.5kcal/kg°C]
dt: FROHEIHRE [°C]
rs: SEE (kg/m?)
s: #atREE [m/h]
J: K DR [80 keal/kg°C]
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Electric power supplied (kW)

HHE— - T - EN A

V. EE [m/s]

p: REDKFHESE [3.9mmHg]
tr: RPETHEINZEE [°C)

te: SRR [°CI
hre: BRE K D K/LE=539—0.643(t,—100) —0.000834 (¢, — 100)?
F3D&EMHEN () RfAAT2 LITERAEIL

(R s

® 3 RMEHERREHHOILDO M

Table 3. Conditinos in calculation of heat required for snow melting.

Subjects

Condition

A sign

Atmospheric temperature —3°C tq
Snowfall intensity 3.5 and 7cm/h S
Density of snow 150kg/m3 Fs
Temperature of snow —3°C A4t
Velocity Sm/s V
Heating temperature of the surface 0°C tr
Melted area/heated area 0.5 Ay
160 |-
S$,=7cm/h
140 [
120
s2 =5cm/h
100}~
80}
S3=3cm/h
80
a0}
20F
i 1 i 1 L i 1 i ; L
0 10 20 30 40 50 60 70 80 90 100

Area of melted snow (m2)

E 13 S4B X 2MTSEKR

ZOEE: 150kg/m®; KKROEEE: —3°C; [ORE: —3°C; AE: Sm/s;

B TR/ BE RS : 0.5

Fig. 13. Relation between electric power supplied and area of melted snow.
Density of snow: 150 kg[m3,; Atmospheric temperature: —3°C; Snow temperature:
—3°C; Wind velocity: 5m|s; Melted arealheated area: 0.5.
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S1=7(cm/h] O &: g,=1301.0[kcal/m2h] =1.51 [kW/m?]
S:=5cm/h]} D& go= 943.0[kcal/mh] =1.10 [kW/m?]
S;=3(em/h] D go= 585.5[kcal/m?h] =0.681 [kW/m?]

Eh, TOFEEBRENLENEMTEREOBGRERTENIBOL 515,

L7 TS O B LB e =+ LT — 2 T3 UEND D, T DdiTiE
BO =2 ILF —2ERF L TLRLRRCHAT 20, o= ¥ - LObtALYEE T LE
nHhHS

B RBEORGEE, AT RXHEEKERCHETAIZ ENDHD DT, ToERSL
EThHD. EEOTEHIMLT EIAARUR, T ERE, MTEKSE, BEE, BA -
Eﬁ,ﬁ%§ﬁ£%<@¥%%ﬁ6kéof , FATIIEECEM TR D, R DRERR
D=FNF—-EHETLHE ,ﬁ%%ﬁﬁaﬁﬁﬁ 50T, BEENS K TRESETHIT
FAFTFE 72D, ROV WBNMELS D &, BEIZ I - CTHE UKV HESL, UFEOR
TREREYEXD.

4.6.2. KEREEFR

FEARICREE L W RAMC X2 8T o ENSE T, JRE Smfs, S5IER 0°C, B4t

# 47MJ/m?, 5 s 22cm OB 4G, 593 W/m? L EOE AR T E U, BER

(a)

(b)

R 14 LBz ST 0 IF)
(a) ETZ O OF (198342 7 2 [11200)
(b) MZEDHIEOF (1983482 157 1008)
Fig. 14. Example of snow melting in the rest laboratory.
(@) Exarple of early stage of snow melting (1200, February 12, 1983)
(b) Example of later period of snow meliing (1000, February 15, 1983)
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FRRXCeifgTeEs. Z0oEFALD IAKENMEL, BHENRIEL, BREREOSVHE
TILIH IR A E BN DLE LS.

fnds, WREMAOMBC L5 RMHLEE S REThE, B EOHRYRET, L0/
FZRAPPLCIRCHELERTS. BEFOEMARXN 14 10R3. K14 0E£{ERCIXE
EBEPROFT O TEY, @ XEAMOLMETSORELHALXRL, O) IXXBHIME
LB Ao~ T.

5. BHv TR AORELERT 2 BAOHATHIA

FRANZEE T 1983 sE i (ENZEHBRZEAT, 1983) 12 X BT EMII AEN LR TV 5
7o, FETREROEEN IR, BEROEMOD > b TIRLEmEM <, BdThiE @<
VAR

AR BT 1957 225 1982 F F TOKRBHET L hiX, HEKEL 10°C (19774
1 A21H) T, HESKE L —45.3°C (19829 F4H) CTHA. Fi, HBAREKL 47.2m/s,
HEABEREIZ 592m/s THD. e, 1957 F»nb 1982 FF ToORAEAE 10m/s L Eo
FEHBHA207H, 15mfs DL EX11ISH, 29m/s LEIX14BTH5. ¥k, 7VH¥—F
AEIFEFPHTISBEIHY, BERANMICHN, Ro#EflE, HaklsERcE-oT, A=
FNUF —OFIFIIFLY K EE L LR D.

RARBEBL L TRWAWAOHRDObONERLEIh, FLHERTHLA, HEH
RTERAMLIRTWE DR T rRSHRL DT, UTFTFrXSHonTh~NS.

BHTANRBYERTLHE, BRHREL AT A1, ROBI L L EEFHHEL
BRALZEXNRPIERELRER L/0s. EERFHHEL, 7v-— VOO FTALELSAEY
y FHARERELEY AR XY RO 3 EBHBHHAFTRAN L0 ERD L dcBbh 5.

AEE » FHRZ, DO OREERC XY ETHELIEFAL, AEXELS 0N
%, ABTRAN vy~ X BEZRML, MESEAC I, 7v—- FORERE
ZHBWRIREZI N TV, —~BCBEOR VTS LEL L, HIEHEES HECBIFR
|, MARCESEDD XH5CBbhb.

BHEHHEFAIRNIT, EREEL Ecics &, ABOCEEE AR L TREDAECE
BEEL D), BELEHCRAXbIT LR ), BRABOREEBD LNET .
¥, REEHNIH 10kW N EoBE, BBHEFIEEEXZNMTSHEIERLIR T,
5. Lichdo T, BEBHEGRL, BEERNEZL, WANKT, BRI, RFH
PHLEFEEZLN, B TORN=F AL F—OFHBEHc» T, +4EREIRTI
BFHARNEEZILND.

AREIBHOBR N =2 L F -~ OFHFAERKCCHFEL, FesHPONT, A=*
LE—C Lo THRENY Ay 7YV —2H L TERATHBECBRELT, ~BANYEEFHERY
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wiL ik ~5,

(1) P77 NLDOBWERRCELERTIEANCEE TS 2 L.

(2) FEEFAMCIRAFES R E N hEThs k.

(3) HWERxTErz R ChitATHD Z L.

(4) ke, BFTEBEOHHL, BBMCEIETLI AT 2dicoT0bH I L.

(5) EXRERBKED ILEIRN T, BERERIEELLOTHIDE L.

(6) FEMIHBEHL TRV, MERIBRNEZOLOTHDZ L. ok, FEMOMKRE
HRoEmC LCHERARIFAESE L T L.

(7) BEEOEREZRIL I0m/s BEDOL DL 20m/s BEDO L0 LA A THEAT
5 k.

RO T, ATEROEEMAELL, RERASRELL-), RESRDOEERHK
DEL LD IS 7L, ZEMOBMBROFMSELEDFHNELOND DT, +o7aMEEFR
NEEINRLTHRE B0,

6. ¥ t B
6.1. REXSHHERBORHDEMAEK
EBFEEDOHER, AELETIL 8m/s THRAENERD, EEHIZXERLD2, 8m/s TR
FI2VEZE LA, IREINEERRAK 400gal Licnh, +HREERTE 5.
i, EAGIEHLOBEGEERTS—EEMTROFRL D -7, THIEITHEBLONR
EXERT, ZOMIREETNEIAFMCBEELCEEL TR, AEBORLMEIIINTHEL
T& 7 (#92 FREHHER).

6.2. B =
JAE 7.5-8.0mfs TREF LV MITEANERD, ZEMETH 80dB L7ch. £ 130m B
NIVETBF L2 45dB LI e, ABIEGRE~DORBEEIIIZE A L.

6.3. REIR/ILX—OEREZLE~DOFAHA

&R 0°C Tix, # 93W/m?d (R Smfs) U EOENERHTCERIIMEIRITIK
WICHEF T E S, il EEMMC XSRS TE S RETIE B8 olEEY R TR
TR RO ARCETEIERTS.

6.4. BHTAIHZIAIIHEOHREFER

WS TE L IR RO R EV L DR AV, BT BRI ELERHE, '
HOEHRRFL I0m/s BEDOLDE 200mls BEDOLD EXHlAHGHLETHEAL, ROFIHA
ROMEXXDLELD5.
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FHHdt— - BT H.(1981a): AEEAREEEBELFIA LD BEERBRBEOHMEIC ST, #H
DERZFNF—, 2, 29-34,

HH— - BRELTH (1981b): NEIRNDRBEEBEORIF. KEAREWERCE, 16, 47-52.
HEszBpr7enT (1983): FEFIZEHIET 1983 iR, HEL, 4-6.

i 5L (1982): 56 EEFZIiT 5 AMEEOHE. Tk, 4(2), 8391

AARBEBICH S A7) FEHEITFEv V7 v 7. B, LRk, 16-29, 268-275, 333-343,
AARTFEMRHE (1973): BEME A > V7 v 7. #Hyl, B, 9, 60-67.

(1984 4£8 B 1 H<78; 1984 428 B 6 H X ITFaTH)



