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SME 469 SUS304LOD IV — NEL
E= (¥#H) #H13n
BBEER LA FHBEOQHERLITIED)
EWMEE 5&. 0.5nEy F
AR FIWVIATA Y Fa—T

Dk — AL THEEE - RRE
OAXR#E n
-S4 7Y FE20.5nfIBE L, 3HELT B L,
50mD A NVICEB VTR — R4 F (HP) A& nit.

__90m _13m, —
n=g 5m><3><2 + 0.5,<3><z 756 (&) (1)
OV EBRRBEQ
SARA-10C oMM 2 »y B & L T,
___ ELERERE {
Q= 756X 24" X 30X 2 S @)
ELERBE (%ﬁa‘é%%f&%i#bm'ﬁﬁgw 47><107ca1) THDIMD,

Q = 179 Kcal/hr (3)
HPOERREBOFHEE L.,

(EH) (5° &EH&D
Le = 5 " 4+ 6 ™ =11"T%5A, HAWIZ0° oL 40%DEENH
EREUT, EHEE Lett= 7.4 mkZY, m¥JoBRH#E gl
q= 179 keal /7.4 m = 24.2 kcal/m-hr ()

® HPHBEEOFET
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BRMFHMOL &, LEHMERIT (HP1AYY) ald

179 kcal /h
a= —————:-—934—5--- | (5)

22, KI#ERBEKT, ZZ2TiE8.0cal/m?-h-CTEHAL. AT

a= 179,/8X3 = 7.46 m? (6)

T4 VOBER, FTNIZVLMOBT A VERVD, 74 UHES LI,
KAOudvRES, (W)

u= Lec+ (h/ 2+ y?%) . (M
Z 2, h= 8 kcal/m®-h-C

A= 140 kcal/m?2-h-C

yb= 0.6/2 = 3X107* m

Le= 115 mm = 0.115 m

u=s159.2350T, BE2AD, 74 VHERSIFIZ, ¢6f=0.6 iy
T4 YFa—T1nYYy oBEREA T,

A= (0.2X0.2—0.052X 7 /4) X2X100=7.6 m? (8)
LEAST, RELRIA VY Fa—ToEXLIZ.
L= ———-lt e = el = 1.64 m (9)

LENDT, L=1.64 mAHELR3,

NEHBRESORE
O M HER RS,
YR LESME 7 kcal/b Y - hr
frec i 1440 m? _
RrE A CaBAKELHM) 4H~11A08 v A

S1=TX1440X24X30X 8= 5.80X10" kcal (10)

O INOY. &3 L
HAENDOBREE 113, BB HOREHEK L =0.03kcal/nh-C, BEE t=
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100 mm, #Bd =7+13+7=2T m&¥2&, 50mOEE T, q1ZHLE
BES8T, NELBEEESCLT DL,

gqi= (tz2—1t1) /R, Ri=t/ (A XA) ' (11)

R1=0.10/ (0.03X50X27) =2.47X10°3
q1=38/2.47X10°3=1,215 kcal/ hr

FE (R ~OfBiq.ld. BROZEREZ2EGTOLIELE L., BRIER
12 ne 2320 BROREHEAIG. A=12X50=600m2L 2 5,

gq:=At/R: i (12)
' te 1
Re="G5exi™ T Ay X e (13)

22, A2id600m®, t21%0.150m, 2 1Z0.03kcal/m-h-C, Z LT ald,
8 kcal/m?-h-C (BRXE) THBAH L,

R2=0.15/ (9X50X0.03) +1, (600X8) =0.0113 kcal/hr & &Y,
qge2= (20-5) ,0.0113=1330 kcal “hr

LEMNST, qi+ qe=1215+1330=2,545 kcal/hr ¢ &5,
EOT, Se= (qi+qgz2) X24X30X8= 1.47X107 kcal AHEBhH 3,

AOBELEDLDEDOEHRES;
TEOBEBE VI,

V=1E13nX & & TnX (50+2+2m) —9nX4mX50m=3114 nd
TEZSCAHADOCIKEERTL, EDIC0OCOELEDLBEHICIE,
IS YVROBREINETH D, EEL, TEDOEKE20%. #3044
kcal/kg, BA{V{ABEEIX. 2000kg/m®L 9 5,

(8X0.4440.2X80) X 2000=39040 kcal/m® | (14)
LEMNDT, Ssld. S:=239040X3114=1.22X10% = kcal
DEXY, DEGMESIE. S=S1+S2+S3dhD

S3=5.81X10"+1.47X107+12.2X107=19.47X107 kcal (15)
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#16

ATAARHEREBHORE CC) ,

BE (%) O AW (1987-88%)

RITE b 124 1A 2B 3R 44 5A 6H 1A 8H 9H 10H
TROEE (8] 30 1th
GL-LINE No34 |-2.7 -6.6 -7.0 -3.7 -1.3 -0.4 0.1 0.7 1.9 2.4 2.4 -1.2
3% |-2.4 -8.2 -9.3 -5.1 -2.0 -0.9 -0.4 -0.2 0.1 1.0 L3 -2.2
38 |-0.2 -3.5 -6.8 -5.5 -2.9 -1.7 -1.3 -1.0 -0.8 -0.6 -0.3 -2.1
|49 41 | -0.4 -3.1 -7.0 -6.2 -3.3 -1.9 -1.3 -1.0 -0.9 -0.7 -0.5 -2.2
EERANA T ,
24 No32 |-4.5 -8.7 -9.2 -2.5 5.5 10.4 15.5 14.7 19.8 15.0 8.1 . 5.3
GL-LINE 36 | -2.7 -10.3 -12.5 -7.3 -3.1 -1.5 -0.9 -0.5 -0.3 -0.1 -0.1 -3.3
37 |-4.1 -9.0 -11.1 -7.2 -3.3 -1.7 -1.3 -1.0 -0.8 -0.4 -0.1 -3.3
Feom B 39 |-4.4 -11.5 -13.7 -9.0 -4.3 -2.3 -1.4 -1.0 -0.8 -0.6 -0.4 -4.1
40 | -3.6 -8.5 -10.6 -7.0 -3.4 -1.9 -1.3 -0.9 -0.8 -0.6 -0.4 -3.3
BI5E (Bt B
GL-LINE No 3 | -2.3 --5.7 -6.5 -3.5 -1.1 -0.1 0.6 1.2 2.4 2.9 2.8 -0.8
5 1-0.9 -8.3-10.9 -6.6 -2.9 -1.4 -0.9 -0.6 -0.4 0.0 0.4 -2.1
g |-0.8 -9.2.-13.0 -8.6 -4.0 -2.3 -1.5 -1.1 -1.0 -0.7 -0.5 -3.6
11 |-1.2 -8.5 -12.2 -8.2 -4.0 -2.3 -1.6 -1.2 -1.0 -0.8 -0.6 -3.5
13 |-0.4 -4.6 -8.3 -6.3 -3.3 -2.0 -1.4 -1.1 -1.0 -0.7 -0.5 -2.5
14 | 0.0 -2.1 -5.9 -5.2 -2.9 -1.9 -1.4 -1.1 -1.0 -0.8 -0.5 -1.9
LERINAT
24 Nol |-4.5 -8.8 -9.5 -2,7 5.6 10.4 15.4 14.6 19.8 15.0 8.1 5.3
GL-LINE 4 |-3.5 -7.8 -9.0 -4.8 -1.6 -0.6 -0.2 0.3 1.4 2.1 2.1 -1.8
7 {-2.1 -9.9 -12.9 -8.0 -3.6 -1.9 -1.§ -1.0 -0.8 -0.5 -0.2 -3.5
10 |-2.0 -9.7 -13.2 -8.6 -4.0 -2.3 -1.6 -1.2 -1.0 -0.8 -0.5 -3.7
12 |-2.0 -7.7 -10.8 -=7.3 -3.6 -2.1 -1.5 -l.1 -1.0 -0.7 -0.5 -3.2
{iA £ &8 15 | -5.0 -11.8 -11.2 -7.8 -3.7 -1.5 -0.8 -0.4 -0.3 0.3 0.6 -3.5
17 |-4.9 -12.5 -14.2 -9.6 -4.7 -2.3 -1.4 -0.9 -0.8 -0.5 -0.3 -4.3
18 | -4.7 -11.9 -14.5 -9.8 -4.8 -2.4 -1.4 -1.0 -0.8 -0.6 -0.4 -4.4
19 |-3.7 -10.1 -13.4 -9.3 -4.4 -2.1 -1.1 -0.7 -0.6 -0.3 -0.2 -3.8
Seomap 23 | -5.3 -12.7 -14.2 -9.7 -4.9 -2.3 -1.4 -1.0 -0.8 -0.6 -0.4 -4.4
JIE &R 1th B
JE K 30en | -1.1 -9.5 -5.7 -5.3 -3.1 -0.9 -0.5 0.3 1.4 2.0 1.6 -1.8
70cm | -4.3 -12.0 -12.4 -8.9 -4.5 -2.0 -1.2 -0.8 -0.6 -0.4 -0.2 -3.9°
Wt ERE
Wignit @ | -3.8 -7.4 -7.1 -0.7 7.1 11.4 16.3 16.0 20.0 15.6 .8 6.4
wE | -0.7 -4.7 -7.9 -4.9 -1.0 0. 2.8 4.1 6.7 6.9 0 0.6
) &
Wigadt A 5.7 4.9 4.5 3.8 3.1 2.8 30 39 49 6.8 6.9 4.2
2R 2.5 .3 2.2 1.5 0.9 08 0.9 1.4 19 2.8 3.1 1.7
1 I T
Wit A 5.6 -0.4 -1.5 -1.0 0.8 2.7 3.5 3.5 3.6 .4.5 4.1 2.2
a8 0.8 -9.6 -12.5 -9.0 -4.3 -1.8 -0.8 -0.5%5 -0.4 -0.1 0.1 -3.2
e e P
& No47 |-1.1 -0.3 -0.4 -0.1 0.5 1.7 2.2 2.6 4.2 4.2 3.9 1.5
x # 43 |-1.4 -0.3 0.6 0.9 2.5 4.7 5.8 5.9 7.9 6.6 4.9 3.2
B & 44 |-1.7 -3.3 -3.5 -2.4 -0.9 0.6 1.4 1.7 3.1 33 3.1 0.1
K & 48 |-1.1 -5.4 -2.8 -3.0 -1.0 1.6 2.2 2.3 4.1 4.2 3.0 0.3
w K 50 |98.6 79.2 73.4 76.7 89.0 96.1 93.5 93.1 93.2 93.8 94.6 81.8
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F17

ATAARTEREREORE (C) ,

RE (%) OAFIYME (1988-89%F)

B 7E b A5 11A 128 1B 28 3B 4H 5H 6A 1B 8H 9H 108 | ¥y
TS {B] 2B b Ay
GL-LINE No24 | 0.5 -0.4 -4.7 -6.4 -3.7 -1.4 -0.7 -0.2 0.5 2.2 2.3 1.8]-0.9
25 | 0.3 -0.2 -5.1 -7.3 -4.4 -1.8 -1.1 -0.6 -0.2 0.0 0.8 0.9]-1.6
28 |-0.1 -0.2 -2.6 -5.1 -3.8 -2.0 -1.4 -1.0 -0.9 -0.8 -0.5 -0.3|-1.6
R 30 |-0.3 -0.7 -3.0 -4.9 -3.9 -2.0 -1.3 -0.9 -0.8 -0.8 -0.5 -0.4]-1.6
HER/ S 7 :
74y No23 | 1.1 -2.5 -5.6 -4.9 0.7 5.3 9.8 12.6 18.7 21.0 15.8 10.4| 6.9
GL-LINE 26 | 0.0 -0.7 -6.3 -9.0 -5.6 -2.6 -1.5 -1.0 -0.4 -0.4 -0.2 -0.1[-2.3
27 |-0.2 -2.0 -6.2 -7.9 -4.7 -2.2 -1.5 -1.1 -0.8 -0.8 -0.5 -0.3|-2.4
Jdm# 29 |-0.2 -2.3 -6.2 -7.4 -4.6 -2.3 -1.5 -1.0 -0.9 -0.9 -0.6 -0.5|-2.4
TG % {31 &5 1th
GL-LINE No 2 | 0.7 -0.8 -5.0 -6.0 -3.3 -1.2 -0.3 1.0 2.6 3.7 3.1 2.5/|-0.3
4 0.2 -0.2 -5.9 -8.4 -5.6 -2.5 -1.5 -0.9 -0.6 -0.2 0.2 0.3]-2.1
6 |-0.3 -0.9 -6.6 -9.1 -6.1 -2.8 -1.8 -1.3 -1.1 -1.0 -0.6 -0.5|-2.7
8 |-0.3 -0.7 -3.4 -5.5 -4.1 -2.1 -1.4 -1.1 -1.0 -0.9 -0.6 -0.5|-1.8
9 [-0.2 -0.2 -1.9 -4.1 -3.5 -1.9 -1.4 -1.1 -1.0 -0.9 -0.6 -0.5|-1.4
Lf?-ﬁ/\'{f‘]'
74v Nol | 1.1 -2.3 -5.6 -5.0 0.5 5.2 9.6 12.3 18.6 20.8 15.7 10.3| 6.8
GL-LINE 3 | 0.1 -1.3 -5.7 -6.8 -3.7 -1.4 -0.6 0.0 1.5 2.8 2.5 1.9]-0.9
5-0.2 -1.2 -6.9 -9.3 -6.2 -2.8 -1.7 -1.2 -0.9 -0.8 -0.4 -0.2]-2.7
7(1-0.6 -1.56 -5.4 -7.2 -4.8 -2.3 -1.5 -1.2 -1.0 -0.9 -0.6 -0.5|-2.3
fE#4& 10 |-0.3 -2.0 -6.2 -8.1 -6.1 -3.2 -1.9 -1.1 -0.8 -0.8 -0.4 -0.2|-2.6
11 |-0.5 -2.3 -7.8 -9.4 -6.8 -3.5 -2.1 -1.4 -1.1 -1.0 -0.7 -0.6]|-3.1
12 [-0.6 -2.4 -6.3 -8.6 -6.2 -3.0 -1.7 -1.0 -0.7 -0.6 -0.4 -0.3|-2.7
%eom# 16 | -0.4 -2.2 -7.5 -9.1 -6.7 -3.6 -2.1 -1.3 -1.0 -1.0 -0.7 -0.5|-3.0
B B0 3 A
BB 30cm | 0.7 0.2 0.0 -2.8 -4.3 -2.6 -1.5 -0.9 -0.7 --0.7 -0.4 -0.2]|-1.1
70cm | 0.0 -1.2 -6.0 -8.0 -6.3 -3.4 -2.0 -1.3 -1.0 -1.0 -0.7 -0.5]|-2.6
Bt R
Brghtt A48 1.6 -1.6 -5.2 -2.9 0.9 .2 11.1 18.9 19.3 22.0 16.4 11.2 .8
pf | 1.5 0.1 -2.2 -4.6 -2.0 0.2 0.7 2.4 55 8.8 8.0 6. 1
Yt et .
Wightt A® | 6.2 5.2 4.8 4.3 3.8 3.3 3.4 4.0 56 57 71.0 8.2| 5.1
W@ | 3.0 2.3 2.1 1.8 1.4 1.1 1.1 1.3 2.0 2.2 2.7 3.5| 2.0
358t ) i .
Wigatt A@ | 46 55 1.6 -1.0 -0.3 1.6 2.8 3.1 3.8 3.3 3.7 2.9| 2.6
mi | 0.2 0.1 -5.2 -8.2 -6.0 -2.8 -1.3 -0.7 -0.4 -0.4 -0.2 0.0]-2.1
B 7ESE TR P
B & 1.4 0.3 -0.4 -0.5 -0.5 0.4 1.3 1.9 3.5 4.9 4.2 3.2| 1.6
X H# 1.6 0.0 0.8 1.0 4.5 2.9 4.9 57 84 9.6 7.1 5.1] 4.3
WEEME 3w | 0.8 -0.3 -2.7 -3.4 -2.1 -0.8 0.5 1.9 3.3 4.4 3.3 2.5| 0.6
PEEEMEE 3m | 0.9 -0.4 -1.3 -1.1 0.7 1.4 2.5 2.9 4.6 56 4.5 3.3 2.0
¥¥WE Im | 1.0 -0.3 -2.5 -3.8 -3.0 -1.3 -0.5 -0.1 1.7 3.7 3.2 2.4| 0.0
EEEMEE Im | 1.1 -0.2 -2.7 -3.2 -2.1 -0.8 0.3 1.7 3.2 4.4 3.4 2.5| 0.6
K | 1.2 0.0 0.0 -2.4 -4.2 -1.9 -0.9 -0.4 -0.4 0.8 3.1 2.8|-0.2
A 3 97.9 99.9 97.2 93.7 89.8 90.4 88.4 90.2 88.6 88.5 92.9 99.9]93.1
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#18

94.

ALAARTEKBEREORE CC) , BE (%) O BFHiHE (1989-90%F )
BT 2, 1H 12 1B 2H 3H 48 5B 6H 1B 8H 9B 108 |¥¥
HUEE (8] 2R 1t A '
- GL-LINE No24 | 0.6 -0.2 -6.3 -7.5 -3.9 -1.9 -1.0 -0.6 -0.3 0.3 1.4 1.3|-1.5
25 | 0.4 -0.2 -7.4 -9.1 -4.7 -2.4 -1.4 -0.9 -0.6 -0.3 -0.1 - 0.4|-2.2
28 |-0.1 -0.5 -3.9 -7.4 -4.6 -2.7 -1.7 -1.3 -1.0 -0.8 -0.6 -0.4]-2.1
K 30.1-0.1 -0.7 -4.2 -7.7 -4.8 -2.6 -1.5 -1.1 -0.9 -0.8 -0.6 -0.3]-2.1
EERNAT A
24 No23 | 4.0 -1.4 -1.5 -3.4 2.6 7.8 15.0 18.7 20.0 22.1 17.2 11.2| 8.9
GL-LINE 26 | 0.1 -0.6 -8.6 -11.5 -5.9 -3.1 -1.8 -1.8 -0.9 -0.5 -0.3 -0.2|-2.9
27 |-0.1 -1.1 -7.0 -9.8 -5.4 -3.0 -1.8 -1.3 -1.0 -0.8 -0.5 -0.3|-2.7
degeag 99 (0.2 -1.9 -7.4 -9.6 -5.3 -2.9 -1.7 -1.2 -1.0 -0.9 -0.7 -0.6|-2.8
7 52 (0] &5 3t B
GL-LINE No2 | 0.8 0.3 -4.2 -6.2 -3.0 -1.3 -0.5 0.0 0.9 2.0 2.4 2.2|-0.6
4 | 0.2 -0.1 -7.3-11.0 -5.6 -2.9 -1.6 -1.1 -0.8 -0.5 -0.2 0.3|-2.5
6 |-0.2 -1.0 -8.5-12.1 -6.2 -3.4 -1.9 -1.4 -1.1 -1.0 -0.7 -0.1|-3.1
8 |-0.2 -0.9 -5.0 -7.9 -4.7 -2.7 -1.7 -1.3 -1.1 -0.9 -0.7 -0.1}|-2.3
9 |-0.2 -0.4 -2.9 -6.3 -4.1 -2.5 -1.6 -1.3 -1.1 -1.0 -0.7 -0.2|-1.9
LERNA T
24> Nol | 3.7 -3.1-10.4 -6.1 -0.8 5.7 12.4 16.4 18.1 20.2 15.8 10.1| 6.8
GL-LINE 3 | 0.5 -0.3 =5.3 -7.2 -3.5 -1.6 -0.8 -0.4 0.1 1.2 1.9 1.8/-1.1
© 5 1-0.1 -1.5 -9.5-12.2 -6.1 -3.2 -1.8 -1.3 -1.0 -0.8 -0.5 0.1]-3.2
71-0.3 -2.0 -8.1 -9.9 -5.4 -2.9 -1.7 -1.3 -1.1 -0.9 -0.7 -0.1{-2.9
{4 &8 10 |-0.1 -1.4 -7.5-11.1 -5.8 -3.0 -1.7 -1.2 -0.9 -0.8 -0.6 -0.3|-2.9
11 |-0.4 -3.3 -11.4 -13.1 -6.9 -3.6 -2.0 -1.4 -1.1 -1.0 -0.8 -0.4|-3.8
12 |-0.3 -2.9 -10.0 -11.9 -6.4 -3.2 -1.6 -1.0 -0.8 -0.6 -0.4 -0.1]|-3.3
e o &8 16 |-0.3 -2.9-10.8 -13.0 -6.8 -3.5 -1.9 -1.3 -1.0 -0.9 -0.7 -0.3|-3.6
i &R th A
EE  30cm | 0.0 -0.1 -2.4 -7.9 -4.7 -2.4 -1.3 -0.9 -0.7 -0.6 -0.4 0.0)|-1.8
70cm 3 -2.0 -8.8 -11.9 -6.4 -3.3 -1.9 -1.3 -1.0 -0.9 -0.7 -0.3|-3.2
B+ REH
Wigt A | 4.1 -1.1 -7.1 -4.9 2. 7.8 13.4 18.1 19.3 21.2 16.9 12.1| 8.
wi@ | 2.9 0.4 -3.2 -6.7 -2.8 -0.3 1.4 3.9 6.4 9.5 9.4 1.3| 2.4
Y) £ &4 i/ ;
Wigkdt A | 6.9 6.1 44, 4.0 3.4 36 4.1 4.7 5.7 1.0 1.9| 5.3
W o|o3.1 2.7 40 1. 3 09 09 1.1 1.5 1.9 25 27| 1.9
PRI &E .
et 4@ | 3.5 4.3 0.1 -2.5 -1.0 2. 3.1 3.1 3.1 4.1 3.7 4.8]| 2.4
W@ | 0.2 -0.1 -7.7-11.4 -6.1 -2.7 -1.2 -0.7 -0.5 -0.3 -0.1 0.0|-2.6
oA A '
LI 3 0.9 1.4 0.4 1.0 1.0 0.8 1.3 2.0 2.9 4.1 4.1 3.1| 1.9
X ¥H# 2.4 0.4.0.4 26 24 39 6.7 85 9.6 11.0 8.7 5.8| 5.2
weEE 30 | 0.9 0.7 -0.7 -2.3 -1.3 -0.6 0.4 1.4 2.3 3.4 35 2.6| 0.9
pEEEMEE 3o | 1.7 0.3 -1.7 -0.3 0.5 1.5 3.3 4.8 5.9 1.3 6.5 4.5| 2.9
¥eHE Im | 0.8 0.8 -1.1 -2.5 -1.4 -0.6 0.3 1.2 1.9 2.9 3.1 2.4| 0.7
PEEEtE 1o | 0.7 0.6 -3.3 -6.9 -4.2 -2.3 -1.2 -0.6 -0.3 0.5 1.6 1.5(-1.2
K | 0.7 0.7 -0.1 -3.7 -1.6 -0.6 -0.2 0.1 0.3 0.5 1.1 1.3]|-0.1
wmI 9 98.4 92.1 75.8 84.7 92.4 94.8 94.0 92.2 90.7 93.2 95.3|91.5
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19 ,
ALAARTERIFBREORE CC) , BE (%) OHFYE (1990-91%F)

B RE Hth 1WA 124 1R 23 3A 4B 5B 6F TH 8A 9A 10H | ¥¥

BREE (A ER th B8

GL-LINE No2d4 | 0.5 0.0 -1.5 -5.4 -4.2 -1.9 -0.8 -0.3 -0.2 -0.2 0.3 0.4|-1.1
‘25 | 0.2 -0.1 -2.1 -7.1 -5.3 -2.5 -1.2 -0.6 -0.4 -0.3 -0.2 -0.1|-1.6
28 |-0.2 -0.4 -1.2 -4.7 -4.9 -2.6 -1.5 -1.0 -0.9 -0.7 -0.5 -0.3|-1.6 .
R JEE 30 |-0.1 -0.2 -1.6 -4.4 -4.5 -2.4 -1.2 -0.8 -0.6 -0.4 -0.3 -0.2]-1.4
BEERNA T
74v No23 | 5.0 0.1 -2.4 -5.2 0.2 7.5 15.5 19.0 18.8 20.3 17.4 10.2| 8.9
GL-LINE 26 |-0.1 -0.5 -2.6 -8.9 -6.9 -3.2 -1.7 -1.0 -0.7 -0.4 -0.3 -0.2|-2.2
27 |-0.1 -0.5 -2.0 -7.6 -6.2 -3.1 -1.7 -1.2 -0.8 -0.6 -0.4 -0.3|-2.0
% eimd 29 | -0.6 -1.2 -3.7 -7.6 -6.1 -3.2 -1.9 -1.4 -1.2 -1.1 -0.9 -0.7|-2.5
i 4R 5 1 '
GL-LINE No 2 | 1.2 0.6 -0.1 -3.9 -3.3 -1.1 -0.1 0.3 0.4 0.9 1.3 1.1|-0.2
4104 04 -1.1 -7.2 -5.8 -2.4 -1.0 -0.4 -0.3 -0.1 0.1 0.3]-1.4
6 | 0.1 -0.1 -2.4 -8.6 -6.9 -3.0 -1.4 -0.8 -0.5 -0.3 -0.1 0.0|-2.0
8 | 0.1 -0.2 -1.5 -5.0 -4.7 -2.3 -1.2 -0.7 -0.5 -0.4 -0.2 0.0|-1.4
9 |-0.1 -0.1 -0.8 -3.4 -3.9 -2.2 -1.3 -0.9 -0.7 -0.5 -0.3 -0.2
LERNA T ‘
74v Nol | 4.5 -0.6 -4.1 -7.7 -2.4 5.8 13.1 17.2 17.4 18.8 15.9 9.4| 7.3
GL-LINE 3 | 0.9 0.2 -0.6 -4.9 -3.8 -1.4 -0.3 0.1 0.2 0.5 1.0 0.9)-0.6
5 0.2 -0.5 -2.8 -9.0 -6.7 -2.8 -1.3 -0.7 -0.4 -0.2 0.0 0.1]-2.0
71 0.0 -0.8 -3.0 -7.5 -5.7 -2.6 -1.2 -0.7 -0.5 -0.3 -0.1 0.0]-1.9
f@444s 10 | -0.3 -1.0 -3.6 -8.2 -6.8 -3.5 -1.8 -1.0 -0.6 -0.4 -0.2 -0.1|-2.3
11 [-0.4 -1.9 -5.8 -10.9 -8.0 -4.0 -2.1 -1.2 -0.8 -0.5 -0.4 -0.3|-3.0
12 [-0.3 -1.7 -4.5 -9.5 -7.2 -3.4 -1.5 -0.8 -0.4 -0.3 -0.2 -0.1|-2.5
Yeom s 16 |-0.2 -1.3 -5.1 -10.1 -7.5 -3.9 -1.9 -0.9 -0.6 -0.5 -0.4 -0.2|-2.7
T &5 1th 42 ‘
M 30cm | 0.1 0.0 -0.7 -3.4 -4.6 -3.0 -1.3 -0.6 -0.4 -0.3 -0.2 -0.1|-1.2

0cm. | -0.2 -0.9 -4.1 -8.6 -7.1 -3.9 -1.9 /—1.1 -0.7 -0.6 -0.4 -0.3|-2.5

®m-EEE
Ergatt A 5.1 0. . . . . 8.8
P 3.6 0.8 -0.4 -4.3 -3.8 -0.5 1.5 4.8 7.3 9.3 9.2 6.7 2.9

)
!
oo
—
1
£
—
(o]
(=]
-3
D
—
=N
o
—
[ee]
w
—
(o)
[é2)
—
w
[ee]
Ll
-3
oo
—
(=]
w

Y+ am 4
Miaadt A 7.4 6.3 5.5 4.8 4.0 3.4 3.7 4.4 5.8 1.7 1.5 1T.4| 5.1
el 2.7 2.4 2,1 1.7 1.3 0.9 1.0 1.2 1.4 2.0 2.2 25| 1.8

SERIEE
Wigkit 4@ | 5.0 5.2 3.6 -1.4 -1.T 0.9 2.6 2.8 2.8 3.3 2.9 1.3| 2.3
P .1 0.1 -1.6 -8.0 -6.9 -3.2 -1.4 -0.8 -0.6 -0.4 -0.3 -0.2|-1.9

R R P
R .7 1.2 05 0.1 03 07 1.5 2.1 23 24 25 14| 1.4
X ¥ 2.3 0.5 -0.3 1.3 2.8 46 7.4 9.3 9.2 9.7 82 4.7| 5.0
WEEME 3 | 1.1 0.6 -0.4 -3.0 -3.0 -1.3 -0.1 0.2 0.9 1.4 1.6 1.1]-0.1
PEMWE 30 | 1.9 0.5 -0.6 -1.4 -0.3 1.5 3.7 53 56 58 53 3.2| 2.5
HEMHE I | 1.1 06 -0.3 -2.4 -2.9 -1.4 -0.3 0.1 0.8 1.5 1.7 1.2| 0.0
e E Im | 1.0 0.5 -0.8 -4.4 -4.4 -2.2 -0.8 0.0 0.3 1.0 1.2 0.9]-0.6
K 1.3 0.7 0.1 -3.2 -4.1 -2.1 -0.8 -0.3 0.5 0.9 1.0 1.7[-0.4
B K 98.2 99.7 99.9 89.7 81.7 79.7 82.4 79.2 771.8 76.3 77.6 81.3]85.3
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Artlfl cial Permafrost Storage System
Using Heat Pipes

Masami Fukuda,*! Fujio Tsuchiya,*? Kimitoshi Ryokai,*?
Shotaro Yoshida, Masataka Mochizuki and ’Koichi Mashiko

We have developed a heat pipe type artificial permafrost storage system by utilizing cold energy
at winter time. At first, basic tests of forming frozen soil using a 8 m length corrugated heat pipe
were carried out. Thereby, it was found that the temperatures of the heat pipe became uniform
and the surrounding soil could be frozen uniformly.

In December 1987, an experimental plant for proof tests was constructed in Hokkatdo Around
the storage facility, heat pipes were installed into the ground at the intervals of 0.5 meter and the
condensing sections were installed in atmosphere. In winter of the year, frozen soil was smoothly
formed. At the end of January, 2 m thick frozen soil layer was completed. Even in July, the soil
temperature was kept about —1°C and the storeroom temperature was also kept about 3 to 4°C.
The similar result was also obtained in the winter of 1988 to 1989 (freezing index: Approx. 550
°C - day). Moreover, it was found that the cold storage which uses heat pipes is sufficiently applica-
ble since the temperature and humidity inside the storage can maintain the condilions mecessary
for storage of agricultural products. '

1. Introduction C, : Specific heat of chilling air at

Recently some work has been carried outin order to - constant volume (J/m3-°C)

utilize the natural cold energy of winter. As a cold D; : Number of days (day)
energy source, cold air and snow can be applied. Snow, d;, : Diameter of a heat pipe (m)
in addition to being used at ski slopes and winter car- d, - : Diameter of frozen soil (m)
nivals, is also used as a source of cold energy for ice- L : Latent heat of the frozen soil (J/kg)
houses (Himuro). The cold storage utilizing snow such L, :Length of condensing section
as Himuro is not satisfied for a practical use because of a heat pipe (m)
man power is necessary due to carrying snow into the M : Freezing index (*C-day)
chamber in every year. On the contrary, cold air is Qi, : Cold storage heat quantity
available everywhere, and is colder than snow. There- transferred by heat pipes 0)
fore, it is preferable as the cold energy source. In addi- Q, : Total cold heat quantity of the
tion, the heat pipe is the most suitable as the heat cold storage for a year (J)
transfer element which transfers cold energy to the - Q, : Cold heatquantity for freezing
underground without power. Here, we have devised soil ; )
the technology in which the cold energy is stored fora Q, :Heatloss to the surrounding 0)
long period to be used for the cold storage by produc- Q; : Outlet heat quantity of store
ing the frozen soil in the ground with the outdoor cold products ‘ §))
energy in the winter using heat pipes." ¢ : Heat tranfer rate of a heat pipe (W)
R, : Thermal resistance of a heat pipe ("C/W)

Nomenclature . Ry, :Thermal resistance between fins
A, :lInnerarea of condensing section and atmosphere ("C/W)

of a heat pipe (m?) R;, : Thermal resistance between a )
A, :Innerarea of evaporating section laid heat pipe and the soil ("C/W)

of a heat pipe (m?) r  : Radius of frozen soil (m)
4; : Heat transfer area of fins (m?) S, : The section of flow channel (m?)
4, : Area of frozen soil (m?) T; :Atmospheric temperature ("C)
T T, : Outlet temperature of chilling air (°C)

T, :Inlet temperature of chilling air  (*C)

*2 Obihiro University
*3 Shimizu Corporation T, : Temperature of the frozensoil ~ ('C)
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T, : Temperature of the unfrozen soil (°C)
AT : Temperature difference between

soil and atmosphere ("C)
V : Velocity of freezing front (m/s)
V, :Wind velocity of the chilling air (m/s)
a, : Coefficient of heat transfer :

between ambient air and fins (W/m?-°C)
a;, : Coefficient of heat transfer of

condensing section of heat pipe ~ (W/m?-°C)
@y, : Coefficient of heat transfer of

evaporating section of heat pipe (W/m?-°C)
A, : Thermal conductivity of the soil (W/m-"C)
Ay : Thermal conductivity of the

frozen soil (W/m-*C)
4,, : Thermal conductivity of the

unfrozen soil (W/m-*C)
y : Specific weight of the frozen soil (kg/m?)
¢, : finefficiency
y : Filling ratio of working fluid

against the volume-of the

evaporating section (%)
w : Water content ratio of the soil (%)

2. Principle and Characteristics

Fig. 1 shows the schematic principle of the artificial
permafrost storage using heat pipes. The condensing
section of the heat pipe is exposed to the amosphere
and the evaporating section is laid into the ground.

When the outdoor temperature is lowered below
0°C'in winter, the heat pipe absorbs the heat from the
ground and discharges it into the atmosphere via
radiator. Consequently, the soil surrounding the heat
pipe is cooled off and frozen.

When the atmospheric temperature is raised during
spring to summer, the wickless type heat pipe shows
the thermal diode characteristics (heat is not trans-
ferred from the top to the bottom), and the heat is not
transferred from the atmosphere into the ground. In
this way, frozen soil is kept all the year and the space

Cold air

:_—

| L~

T t Cold storage

}
Hih

) .._' Foods
’:.... S
) K:I‘.l B NS

PP
Z /4

Fig. 1 Schematic Principle of the Cold Energy Storage
Using Heat Pipes.

surrounded by such a frozen soil can be utilized as the

artificial permafrost storage facility.
The feature of this system is that the natural cold air

is utilized via heat pipes and the operation power is
hardly needed.

Furthermore, the latent heat of frozen soil is utilized
and the storage temperature can be kept constant over

- along period. What is more, this system can be more

suitably applied in such an area, where atmospheric
temperature is lower.

Fig. 2 shows the principle of natural cold energy sto-
rage, and the heat transfer rate of heat pipe versus the
changing atmospheric temperature. When the atmos-
pheric temperature is T; (T; S 0°C), the heat transfer
rate of heat pipe is defined to be ¢;

The storage cold heat quantity @y, transferred by
heat pipes for a term of the D; days, when the atmos-
pheric temperature is Ti, is shown in the following
equation.

Qi = 3600%24xZ (gXD) v oevniinnnnn (1)
As shown in Fig. 2, if the atmospheric temperature
increases over the soil temperature, the operation of
heat pipes will naturally stop.

Atmospheric Heat transfer g
/lemperatue:T rate of HP: q =

& —\ e
- . \ ©
g 0 7 7 0 %
£ 2 :
) [] S ;;_’

Number of days passed (day)
Fig. 2 Storage Method of Natural Cold Energy Using

Heat Pipes.
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This system can be more suitably applied in such an
area, where the atmospheric temperature is lower.

As one of such index of coldness, the freezing index
is used in general. The freezing index M is shown in
equation (2). Where, T; means the daily average tem-
perature, where the temperature is below 0°C.

M=Z(TXD) ..o, (2)
Fig. 3 shows the freezing index. Obihiro is located at .
the eastern area in Hokkaido and has a value of over
600°C-day. This system will be more suitable in areas
where the freezingindex is higher than 400°C - day and
warmest monthly average temperature is relatively
higher.

The total cold heat quantity which is necessary to

the storage for a year Q, is given by the following

equation (3).

Qo= 00405 vt (3)
Therefore, the cold heat quantity calculated from the
freezingindex should be more larger than Qjatleast, as
shown in following equation (4).

3600%24%xZ (¢XD)Z Qp-vvvvvvvniinnnnnn (4)
Heat transfer rate of a heat pipe ¢ is shown in the
following equation (5).

g=AT/(RARy ¥ Ry) oo (5)
And each thermal resistance is expressed by following.
equations.

1
fa ax A/X ¢/ .......................... (6)
1 1
Rlnp aﬁp‘XA“* ahp,xA, ................... (7)
1 d
1n &
hs 297 l"L‘ l dhp ..................... 1(8)

By the way, the cold heat charged into the soil is equiv-

alent to the heat transfer rate of a heat pipe as shown in
equation (9)?.

It is assumed that the component of soil is uniform

-and that the heat transferred from ground surface and

the moving of water are ignored.
t?T
g= A5t

At the face of freezmg, the following boundary condi-

tion is formed.

Chilling air l‘\\
‘ I m 0
-\
[ S ———
f— — £ 2 Qe o .o
- m_‘.\'t
i —e .2
1.7m ] 0=5deig.

Design of the feasible artificial permafrost storage
facility, which has a 2 m thick frozen layer was con-
ducted on the condition of Obihiro, where the value of
integral frigid degree is 600°C- days.

As the result, the necessary heat transfer rate of a
heat pipe which has a 8 mlength of evaporating section
was 300 watts at 4T, = 3°C.

- Evaporating section temperature

of heat pipe
- Temperature difference between

T‘II)DI = -s.c:

evaporating section and
condensing section 471,=3'C
+ Thermal resistance of a heat pipe R;,=0.01°C/W

3. Basic Experiment of Forming Frozen Soil
Using a Heat Pipe

3.1 Experimental Apparatus

The basic experiment of forming frozen soil using a

heat pipe was carried out'in order to examine how the
soil form in such a following arrangement.

Fig. 4 indicates the experimental apparatus. The
heat pipe is composed of corrugated container, having
the outer diameter of 46 mm and evaporating section
of 8 meter in length. It was laid at 5 degree inclination,
because a heat pipe must be'laid at inclination under
the bottom of the storage, as shown in Fig. 1. And the

heat pipe'was buried into the center of 500 mm width,

500 mm depth soil.

Soil was surrounded by 100 mm thick insulation.
The 1.7 m condensing section of a heat pipe was set in
the chilling air room and the chilling was made by use
of a refrigerator machine. The condensing section of
the heat pipe was provided with plate fins, so that the
heat transfer area 4, may become to 13.6 m%. Thearea s
by about 10 times as large as that of the evaporating
section. As the working fluid, Freon R-22 was used.

3.2 Results of Experiments

" Fig. 5 shows the result of the experimeits, in which
Heat pipe 46mm

Soll

Thermal insulation 100mm /

® mark: Temperature
measuring point

Fig. 4 Basic Experimental Device for Tundra Formations.
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the condensing section of the heat pipe was cooled at

the wind velocity of 1.5m/s and the chilling tempera-
ture was dropped from -10°C to -20°C and -30°C.
When the working fluid was 15% at -10°C chilling air,
the lower part temperatures of the heat pipe circumfer-
ential direction together with each 4 points to longit-
udinal direction were -4 to -5°C, while the
temperatures at the upper part were 3 to 4°C. Thus, a
temperature difference was created to the circumfer-
ential direction. The soil at the upper part of the heat
pipe was not frozen in this case.

Based on the result of the preliminary test, the filling
ratio of the working fluid was increased to 80%. As the
result, the temperature at the upper and lower séctions
to heat pipe circumferential direction became to -5 to
-6°C. Consequently, the surrounding soil could be
frozen uniformly. Nine days after the start of cooling,a
500 mm frozen layer had formed in the soil around the
heat pipe.

In the case of the filling ratio ¥=80%, the tempera-
ture of the lower and upper parts at the evaporating
section was lowered in proportion to the chilling air
temperature even when the chilling air temperature
was reduced to -30°C. :

From the above, it was disclosed that if the tempera-
ture difference to the circumferential direction of such
corrugate type heat pipe, as has the long evaporating
section of 8 meters and the large outer diameter of 46
mm, is to be eliminated, the increase of filled amount is

. effective.

Generally, wicks are used in order to eliminate tem-
perature difference in the circumferential direction.

Table 1. Thermal Resistance (T, = -10°C)

The filling ratio 4T, (°0) (W) R(CW)
15% 7°C 290 0.024
80% 5°C 500 0.010
6
O A -
(%) -
oL e it
_-

I .
P /
~

Heat pipe evaporation section temperature ('C)

-10} /

- 7, Z Water content ratio
/ of the soil @w=5%
y ——— = Upper pat &
t P2 7 v=15% {Lower pat ¥V
-20F /s e Upper part A
7 ¥=80% {Lower pat ¥

—24 . . ,

-40 -30 -20 -10 0

Temp. of chilling air (°C)

Fig. 5 . Temperature of the Heat Pipe Evaporation Section
to the Chilling Air Temperature.

However, since pliable fiber wicks closely connected
to the corrugated shape were not economical, we could
not employ wicks here, and instead increased the fill-
ing ratio.

" Table 1 shows the heat transfer rate gand the ther-
mal resistance R when the temperature of the chilling
air was - 10°C, where the thermal resistance is given by
the equation (11).

R=ATyp/q v (11)
AT, is the temperature difference between the evapo-
rating section and condensing section of the heat pipe.

The heat transfer rate g (watts) was calculated by
the equation (12).

¥ ) L A S (12)
Fig. 6 shows the relation between the thermal resist-
ance R and the heat transfer rate ¢.

When the thermal resistance at the filling ratio
=80% is compared with the case of Y=15%, it is indi-
cated there that the thermal resistance of a heat pipe
was reduced to about 1/3.

This seems attributable to the fact that in the case of
¥=15%, the working fluid is evaporated only at the
lower part of the circumferential direction of the evap-
orator and not at the whole surface.

On the contrary, in the case of y=80%, the evapo-- '
rating section is realized at the whole surface and no
temperature difference is created between the upper
and lower parts to the evaporator circumferential
direction.

Since the working fluid Freon R-22 has a small tem-
perature difference 47 relative to the change in pres-
sure difference APataround -10°C, webelieve that the
thermal resistance of evaporating section is low and
has little effect even if the working fluid filled fully.

In case of the heat transfer rate of over 1,000 watts,
the thermal resistance is approximately constant, sug-
gesting that the heat transfer limit is not yet reached.

g
S 5%107 | 4=15%
L o —r Y= 0
§ r /(a/
3
° ixi0? b ___r‘_.———-—- ¢=80%
o s
% 5%107 [
;
1x10-2 L— — i ———

5 10 15
Heat transfer rate g of a heat pipe (X 100W)

Fig. 6 Thermal Resistance of a Heat Pipe against the
Filling Ratio of Working Fluid.
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4. Proof Tests of Cold Storage Facility

4.1 Experimental Plant

In December 1987, an experimental plant was built
at Obihiro city in Hokkaido. Fig. 7 shows the structure
of the experimental plant. The dimensions of the sto-
rage facility was length 6 m, width 3.6 m, height 3.5 m.
It was surrounded by 2 meter thick frozen soil layer.
Furthermore, the outer surface of the frozen soil layer
was processed to be waterproofand thermal insulated.

Asthe heat pipe, 216 pieces of corrugated type were
installed, which had the outer diameter of 46 mm, and
average length of 12 meters. They were installed at the
intervals of 0.5 meters in 4 rows around the storage
room. Fig. 8 shows the photograph of the experimental

Fig. 8 A Photograph of the Experitmental l’lant of the
Cold Storage.

plant of Artificial Permafrost Storage using heat pipes.
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4.2 Results of Tests

After the completion of the storage facility, about 7
tons of agricultural products were put in the storage.
While giving the thermal load, temperature changes
were measured. The data from 1988 to 1989 is shown
in Fig. 9. Like the first year of construction, the heat
pipesalso worked properly in this year. As the outdoor
temperature dropped, the surface temperature of the
heat pipe in the ground also dropped. The soil had
been all frozen till the end of January, and it was
approx. =10°C 0.5 m diameter around the heat pipe to
produce 2 m thick frozen soil layer. Since it became
colder in the first decade of February, water was filled
into the floor (gravel layer) of the storage to increase
the cold energy content through freezing in order to
control the temperature. Moreover, since the test
result of the previous year showed that the humidity in
the winter sometimes dropped to approx. 70%, the
containers filled the water were put in the storage in

order to prevent the humidity from dropping. As the

result, the humidity was kept at 85% or more.

Even though the temperature rose after March, the
frozen soil layer remained. When the outdoor temper-
ature was 15°C at the end of June, the frozen soil layer
was -1°C and it was 3 to 4°C in the storage. Moreover,
when the quality of the potatoes stored for the test was
inspected, it was verified that potatoes tastes sweeter,
as shown in Fig. 10.

5. Conclusion

(1) From the results of these demonstration tests, we
confirmed that the heat pipe type underground
cold storage utilizing natural cold energy will be
technically feasible. :

(2) It was found that when the filling ratio of the
working fluid to the content volume of the evapo-
rating section is 80%, evenly frozen soil in the cir-
cumferential direction of the inclined heat pipe
can be formed.

(3) Eventhough the weathervaried, the temperature
in the storage was maintained at 0 to 5°C through-
out the year, and the humidity was maintained at
85% or more. Herealfter, it is planned toestablish
the technology which allows the accurate control
of the temperature and humidity in the storage.

/\
/e

o : Potato (Danshaku brand)
X : Potato (Mayqueen brand)

Reducing sugar (g/100g)

n L L n s

0 11 12 1 2 3

‘i (Month)

Fig. 10 Aging of Reducing Sugar.

Finally we add the opinion that this type cold sto-
rage for foods will be applicable even in the agricultu-
ral districts of Northern American continent, Siberia,
Northern Europe, etc. in addition to Japan.

Furthermore, the experimental plant for cold sto-
rage of horseradish was constructed in Abashiri. The
plant is provided with a small auxiliary refrigerator to
prove that the system can correspond to the risk of the
varying climate. We hope the application of the system
will be widened to other districts in addition to the
extremely cold district.
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A Cold storage of agricultural products surrounded
by artificial permafrost using heat pipes

Fujio Tsuchiya
Obihiro University of Agriculture and Veterinary Medicine,Obihiro, Japan
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ABSTRACT: We have developed an Artificial Permafrost Storage System which through using
heat pipe utilizes cold energy in the winter season. Then it was found that a corru-
gated stainless steel heat pipe is more effective to uniformly freeze the surrounding
soil. In December,1987, an experimental plant was constructed in Obihiro in order to
test the storable ability of agricultural products on a long-term basis. Around the
storeroom, 216 pieces of heat pipe were installed into the ground at the interval of
0.5 m and their condensation section was exposed to the atmosphere. In winter of the
year, frozen soil was smoothly created and a 2 m thick frozen soil layer was created
which lasted until the end of January. Even in July, soil temperature was kept at -1°C
and the storeroom temperature was also kept about 3 to 4°C and the humidity was kept
over 85 %. Similar results were obtained in the next year and at that point the artifi-
cial permafrost system was completely established. Moreover, it was found that the cold
storage using heat pipes is sufficiently applicable as the suitable temperature and
high humidity in the room maintained the excellent quality of some vegetables .

KEYWORDS : permafrost, model test,temperature effect, in-situ test

1 INTRODUCTION houses, winter festivals and cold stor-
' ‘ age. More specifically, to use the cold
In cold regions, it is necessary to com- winter air for energy resources is expect-
prehend the cold climate and circumstances ed in order to store food such as agri-
sufficiently for the purpose of turning cultural products and animal products.

jts handicaps into benefits. It is, In winter, many parts of Hokkaido have
therefore, important to understand the .much snow and low temperatures. Fig. 1
behavior and action of the nature suffi- shows the mean monthly temperature from

ciently without the traditional persist- 1941 to 1970 in January for tastern Hok-
ence from the past. More recently, the kaido, which is called more coldest re-
effective utilization of snow, ice and gions of Japan. Also the greatest annual
cold material has been 1nte;estgd for ice average of snow depth during the same

ashiri \
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Fig.1 Monthiy mean air temperature " Fig2.Greatest annual average of
(1941-1970) snow depth(1941-1970)

- 144 -



period in Eastern Hokkaido is shown in
Fig.2, and this region is called the least
snowfall area of the Hokkaido
(Tsuchiya,1989b). We can see the coldest
area lies in the middle of Hokkaido, and
it is here, at the Obihiro Weather Sta-
tion, the lowest temperature of Obihiro,
-38.2 °C on January 26, 1902.

Because the lowest temperature
does not always show the actual amount of
winter coldness, the accumulative values
or the freezing index should be noticed.
Fig. 3 shows the typical distribution of
the freezing index during the winter
using the isothermal Tlines(Fukuda,1975).
From this figure, the coldest region is
located between the Tokachi and Abashiri
Districts.

< SEASONAL SOIL FREEZING AND PERMAFROST

Many parts of Hokkaido have soil freezing
in the winter. Soil freezing often leads
to considerable damage, specially frost
heaving in the winter and thaw weakening
of the soil in the spring. These effects
often cause damage of such things as the
breakage in building foundations, roads,
airport runways, chancels and retaining
walls. Frost heaving also influences the
winter-killing of the crops, glasses and
trees as well as it damages plant
roots(Tsuchiya,1985). When we considered
soil freezing as the natural
caused by cold weather, we must consume a
tremendous expense nowadays to protect or
control the frost heave.

On the other hand, frozen soil has a
merit, too. As frozen soil has strength
similar to concrete, the ground freezing

.4.
|

SEA OF OKHOTSK

PACIFIC OCEAN

] S0 0V0km
[————— ]

Fig.3 Distribution of the Freezing
Index in Hokkaido
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record

disaster-

.prevent soil from thawing on the

method can be applied for caving the
weakened or poor-supportable ground (Ta-
kashi,1982). As this method is used ac-

tively, One can see the merit of frozen
soil. In addition, frozen soil causes the
latent heat ( this heat is generated when
Tiquid water becomes sold ice), and that
has a heat storage effect for a. cold
energy resource in this situation.

Fig. 4 shows the two typical patterns of
frost penetration, snow fall and the .
freezing index, measured in the field of
Obihiro University in 1984 and in 1987.
From these results, it was found that
both depth and duration of snowfall influ-
enced the frost penetration depth remark-
ably in Hokkaido.
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Fig.4 Frost depth,Snow depth and

Freezing Index(1984 and 1987)
From this background, we investigated

the possibility of utilization of the cold
air in winter time. The first attempt was
to use cold air for the purpose of freez-
ing the ground as deeply as possible
during winter in the experimental field of
the university by removing the fallen snow
and exposing the ground surface. In the
middle of March, we covered the ground
surface with an insulation material to
surface.
As a result, we found that the frozen
ground was maintained until the last ten
days of  June, as shown in Fig.5. The
potatoes stored in the frozen ground from
the previous year were maintained edible,
with only a one or two percent reduction
in their weight. In this way, frost pene-
tration depth by only one meter seemed to

SETTING INSULATION ON SURFACE

|__MOV | DEC | JAN | FEB | !&AR [APR ;|  MAY; JUN
.o <2 t

FROST DEPTH(cm)
A

Fig.5 Presevation of frozen soil layer



restrict the amount of storage and we
needed to developed ‘another system to
increase the depth of frozen soil.. The

effective use of heat pipes was considered

in order to absorb the heat from the
ground in the winter and to create the
artificial permafrost. remaining during
summer.

The term "permafrost" means the  ground
frozen by cold weather hardly  thaws
permanently except the active layer and

was first defined in 1945(Kinoshira,1980).

We can see the permafrost zone 1in the
northern countries of the Soviet Union,
Canada, Alaska in the U.S. and China. 1In
Japan only 1little spots of permafrost
were discovered in the peak of Mt. Fuji
and Mt. Taisetu, and the interior points
of the Tokachi District. As the annual

mean temperature is above 6°C in Hokkaido,
there almost exists- a seasonal soil
freezing area, which is frozen in winter
and dissipated in the spring.

3 HEAT PIPE FOR FREEZING GROUND

The origin of the heat pipe derives from
the heat transfer device used in 1942 by

R.S.Gaugler who was working in G.M.Company

located in the State of Ohio. G.M.Grover
first named the device the "heat pipe"
and used this heat pipe to control .the
temperature of the electrical communica-
tion equipment  in the satellite

(Dunn,1976). Later the heat pipe was used
widely for heat release, uniforming of
heat, cooling of the metal, air condition-
er, heat exchanger and household articles.

As shown in Fig.6, we will introduce the
working principle of the heat pipe. The
working fluid filled in the closed con-
tainer, absorbed the heat and turned it
into vaporized gas and the container was
filled with the vapor. Otherwise cooling
the  condenser section of heat pipe made
the vapor return into the liquid. Then in
the evaporation section, the 1liquid ab-
sorbs the latent heat which is  necessary
to evaporate, and in the cooling end, the
heat was released to the atmosphere. Thus,

condensation

_ section
Cooling 51 ’ E Cooling
returned liquid: . evaporat‘ion
vapor flow section
Qg {e>
Cooling 7=\ Cooling
<® liquid Q

Fig.g Principle of heat pipe

we can look at the behavior of the heat
transfer from the evaporator to the con-
denser like the solid thermal conduction.

The cycle of the evaporation and.conden-
sation occurs with a Tittle temperature
difference between the cold end and the
hot end. As long as the temperature dif-
ference is maintained, this cycle is
repeated forever. There is a certain
adaptability between the kind of fluid and
container. Here Freon-22 was available for
the working fluid and the stainless steel
was selected for the container.

4 PRINCIPLE OF PERMAFROST STORAGE SYSTEM

The configuration of the system on the
artificial permafrost storage system using
heat pipes was shown in Fig.7. The conden-
sation section of heat pipe was exposed to
the atmosphere and the evaporating section
was installed into the soil ground. When
the air temperature is lowered below 0 °C
in the winter, the heat pipes absorb the
heat from the soil and release it through
the radiator on the top parts. Consequent-

HEAT PIPE

Thermal Insulated Roof

g

Storage
Room

Thermal Insulidting
Material

FROZEN
UND -

BLOCK DIAGRAM OF SYSTEM

Fig.7 Permafrost Storage System

ly the soil layer holding the heat pipe is
cooled off and frozen gradually around the
heat pipe (Tsuchiya,1989a). .

When the air temperature raised in
spring, the wickless type heat pipe showed
the thermal diode effect( heat would
never be transferred from the top to the
bottom of heat pipe), and so the heat
during summer is not transferred into the
frozen ground.

Frozen ground is therefore kept cool
all  year round and the space surrounded
by the frozen soil is available to use as
the low temperature storeroom. This system
has many features: (1) it depends on the
use of naturally-occuring energy for
cooling and reduces the energy requirement
such oil. (2) it gives a considerable
amount of Tow temperature and high humid-
jty. (3) it requires hardly any mainte-
nance cost and labor. Therefore we can
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consider that the artificial permafrost
typed storage facility has many advan-
tages. Firstly it is able to reduce run-
ning costs greatly, to store the fresh
agricultural products for the Jlong term
leading to a stable supply of food to
markets, to create the favorable storage
environment so as to keep high quality and

improve the yield by means of a simple
maintenance and management.
5 EXPERIMENTAL PLANT MODEL
In -December,1987, an experimental model
plant was constructed at the campus of
Obihiro University, Hokkaido. Fig.8 shows

the structural drawing of the model p]ant
The dimension of the storeroom is 6 m
Tong, 3.6 m wide and 3.6 m high, framed by

steel. To resist earth pressure or frost
heaving force, the storeroom walls are
composed of nonwoved geotextiles. The

roof of the room is made of a 15 cm thick
thermal insulating material and the floor
layer 1is gravel. The storeroom is sur-
rounded by a 2 m thick volcanic ash soil
cutting or banked on the spot. The surface
of the soil expecting to turn frozen
condition sooner later is covered with a
waterproof sheet and = thermal {nsulation
material. 15,000 RADIATOR

9 1500

IFYTTY Elnsmﬂ

|‘ﬁ—-ﬂ—1f—‘r
2___‘ A= ]l T
g | INLET l= STORADE ROOM

Ivn

HEAT PI ;—

WATER PROOF SHEET /
THERMAL INSULATION MATERIAL

Fig.8 Structural drawing

216 p1eces of corrugated stainless tvped
heat pipe were installed. The heat
has an outer diameter of 46 mm and average
length of 12 m. They were installed at
intervals of 0.5 m in four rows around the

s JLHM | FROZ //:SOIL

1000

storeroom. The picture shows the photo-
graph of the experimental plant; "Artifi-
cial Permafrost Storage" which uses heat

pipes.

Then fresh vegetables( mainly 3 to
4 tons

of potatoes and each 40 kg of
carrots, burdocks, Chinese yams and on-
ions) were deposited in this storeroom
from the fall to the next summer.

6 RESULTS AND DISCUSSION

The freezing effect caused by the heat
pipe used in this test was recognized to
be great and was powerful enough to Tlower
the . po1nt temperature of the

buried in the ground by 70 to 80 percent

147

pipe-

~established

heat pipe -

of atmospheric temperature.

While giving thermal load by stocking
the agricultural products, the 49 points
temperature on the heat p1pe and in the
ground, and the humidity in the storeroom
were measured at the interval of.3' hours

Photoqraph'of Ar1tf1c1a1 Permafros
Storage System in Obihiro

and recoded automatically by means of the
personal computer. The data from 1987 to
1988 is shown in Fig.9.

The whole soil tended to be frozen at
the end of January. As the Tlower soil
temperature of -10 C was measured at the
surrounding of heat pipes,  frozen soil
layers having 2 m thickness were created
in early February. We could not help
poring a certain amount of water on the
gravel floor to prevent the products from
freezing, because the soil temperature
became too Tlower and we expected the
increase in the cooling calorie accumula-
tion.

As the air temperature gradually
increased after March, the temperature of
the soil and the room also became higher.
Nevertheless the room temperature was kept
at approximately 5 °C as well and the
frozen soil layer was maintained 1in the
inner of ground even in the month of

‘August, which is the warmest month of the

year in Japan. The soil temperature at
some points was below 0° in October, thus
proving that the artificial permafrost was
perfectly. In the fall of

some procedures were prepared to
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prevent the storeroom from becoming too
cool. One was to spread a 20 cm thick
layer - of gravel on the floor and to pore
much water on it, Another was to mount a
20 kg container of water along the
storeroom wall. Also, the stoked materials
were separated from the cold wall with the
insulating curtain hanging from the ceil-
ing.

From 1989 to 1990, a similar experiment
was conducted as well as the previous
year. The situation of the storeroom was
the same as the first and second year's
experiment. The outer surface of perma-
frost was thawing from summer to fall by
only 50 cm thickness. Moreover, the most
important thing as the purpose of the
storeroom is to reduce the loss of quality
in the stored materials to the minimum. To
evaluate the changing quality of the
stored potatoes, we made a sampling test
for thirty housekeepers about the appear-

ance, taste and fragrance, etc. at the
jnterval of two months. The results of the
evaluation were showed in Fig.10. If 3
points in the evaluation is assumed for
normal potatoes sold in the store or
market, most potatoes(brand name; Baron
and May Queen ) were evaluated ranging
from 4 to 5 points.
HARDNESS
BARON 53
3:4
HAGRANC . FRESIINESS
SOFT _ON
THE TANGUE COLOR
MONTH
SWEET TASTING O FEBRUARY
MAY QUEEN HARDNESS O ARIL
: A JUNe
FRAGNANCE
FRESHNESS
SOFT N
THE ‘TANGUE COLOR

SWEET TASTING

Fig.10 A sampling test for taste,
appearance and freshness
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The next test was carried out to measure
the weight loss in the potatoes in every
month and we investigated the storable
changing. The result on two brands of
potato was shown in Fig.11. After the
stored period of 230 days, it found that
the rate of weight loss was only 2.2 % for
May Queen and 1.4 % for Baron. Also anoth-
er test was carried out to investigate the
changing ingredient of sugar and its sugar
content . As shown in Fig.12, there was a
significant  increment on the amount of
reducing sugar during the storage period.
In particular, the sweet taste of potatoes
was found to be enhanced due to the reduc-

ing sugar increasing in February. This
matter was very interested in eating
boiled potatoes. In the experiment from

1989 to 1990, the weight losses of bur-
dock, Chinese yam, carrot and onion became
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Fig.11 Weight loss of stored potatoes
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2.6,2.4,1.69 and 4.4 7% respectively during
the stored period of 200 days, as shown in
Fig.13.

ot 7 ONION
E uw 1/,
. l/
(%] 7
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= /! )//)
§ 3.0 F {’
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é s | I"/ / }:_—_:_,_, .
o 7P CHINESE Ya
s ™ ’ i . CARROT

. - N 1 1 1 1 2 1
. w 1 120 160 200 0 110

STORED- PERIOD e

Fig.13 Weight loss of some vegitables
7 - CONCLUSION

From the results of these demonstration
tests, we can confirm that natural
air  freezes the ground greatly through
heat pipes in winter and if the frozen
ground is covered by thermal insulation,
the artificial permafrost was established
perfectly and cold storage surrounded by
the permafrost will be technically feasi-
ble. Even though atmospheric temperature
fluctuates, the storeroom temperature was
maintained at 0 to 5°C throughout the year
and the humidity in the room was kept
above 85 % or more.

As a result of the evaluation tests, the
quality of the stored potatoes was found
to be excellent until June. The reducing
sugar became four or five times as much as
the constituent before the storage. After
the stored period of 200 days, the weight
losses of vegetables were only 1.9 to 4.4
% respectively.

This system can be
region over the freezing
€.day due to the economical

applied 1in the
index of 400
reason. In-

stead of no anxiety about the breakdown of "

cooling system, there exists a problem
that it is difficult to control the room
temperature freely. Finally this -system
is thought 'not only to lower the storage
cost and to stabilize the market Jprice,
but also to contribute the environment and
the conservation of the globe.

Tsuchiya F. 1989%. Soil

cold’
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ARTIFICIAL PERMAFROST STORAGE SYSTEM

A NEW STORAGE SYSTEM THAT
MAKES USE OF NATURALLY-
AVAILABLE ENERGY

Lo ]
mmm
RPN |

® Reduced energy requirements
through use of naturally-
occurring energy for
cooling .

® Uniform low temperature and
high humidity.

e Maintenance free.

Lo
oo
PSR

®Great reduction in running
costs.

®'Long-term storage is
possible, leading to a stable

- supply of agricultural and
fishery products.

e By creating an optimum stor-
age environment, quality
is retained and improved
yields are attained.

e Simple maintenance and
manggement.

Model pantl

Block diagram Insulation Heat pipi‘
of system . g material

sysTEM SuMMARY [N
--Wmon of the System -_l

The system consists of a partly underground stor- ‘

age area and heat pipes embedded in the . \
surrounding ground. Tnsulation i L
The liquid in the heat pipes_.repeatedly condenses material . Storage®
and evaporates due to winter cooling and removes g

heat of vaporization from the .ground.

For cooling power the ambient air is carried into
the ground, artificially freezing the soil.

The cocling effect of the frozen soil maintains the
storage space at Jow temperature and high
humidity throughout the 'year.

| pumemem
L

‘The frozen soil is maintained at uniform 0°C. Principle of the| -
Heat storage is possible (30,000 kcal/m?) , heat pipes k:oonng:::
Strength of frozen soil is 1/2 that of concrete (at =
-10°C).

‘--.Fentures of Heat Pipes l“l

Excellent heat conductivity ® Rapid response
Uniformity of surface temperature

Maintenance free

Flow of heat is one direction

—
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Location:™ Obihiro Stock "Raising University Campt
Joint Research Groups: Obihiro Stock Raising University ar

Hokkaido University

-. Accumulated Coldness '- . Change in temperature in and out
of storage area with time

Change in humidity in storage areal
with time

27 A U =B:APSB1L.DRT

 Temperature (°C)

Accumulated coldness (C®

Varfations in temp. insdie and outside the
storage area and in surface temp. of
ombedded heat pipe with time,

storage area.

G 10
Days elapsed

Accumulated coldnesaa of Obihiro in

The remainder of the soil around The storage area is kept at a
1987 was 740°C day the storage area is maintained at constant high humidity of about
the low temperature of -1°C to 90% throughout the year.

-5°C throughout the year.

-I)aﬂy changes in temperature
within the storage area

Temperature (°C)

B (Baron) potato

|
Indopr temp. in Japaur : ! ) Danshaku_[¢%)]
B i | ! i (Baron) potato
(

Dafly varfation In temperatu naldo and Correlation between air temperature and
outside the storaye area " surface temperature of embedded heat pipe

‘embedded {n so0i]

Variation in weight of potato

The daily temperature variation in Since the heat transfer efficiency The water content of stored
the storage area is held to within of the heat pipes is extremely potatoes is retained within the
1°C both during summer and high, the coldness of the air is decrement -ratio of 2%.
winter. transferred underground

’ efficiently.

- 161 -



IN = T sl N

*Uﬁié,m.ﬁﬁﬁﬁ%¥ﬁ

@ik mhwﬁwmﬁ,uﬁ%m
O EHIEILE - BITE
O REA I TIE

I

O KIEE R B
O TT K HIMH, BESEIARK S
H'ﬁ%}EﬁjEZ

mIMRE - BE

25 ER
I R

OAREL, LT R RS i v B A B A
¥Rk,

@MEREMME, HTASHAR, REBEAR—%E,
B R A P,

QL T/ RHNAREST BEME, HRAEEL,

O L TR BN AL, R B T B IEIE - IR,

L AEmR

O K LBELRE, U0 CH—E
| @% T #(30,000K cal/m)
O BRI 45EE(-10°C)

O (f 515 it @ PR A V@RI @R
PIE@E—ARKE

--162



PR S ity

NEKARIEE RS

'2:! ' : QiR : W EEKEGM
T 'E 1 == % — @SLRMZ « HIEARY - BEAY

--

g W .

T ATIHP R 1413 693 M & At

1987 4 i oh # r BY T B9 B R 740° C EP RN EE A SR AKLE, B

T*’&ﬁ 1° C~5°" CHYIiE B,

@m-ﬂill I-@I

RO BT
I
FREEN—FRREEN, B LR El?i&‘é*éﬁmﬁ%&‘k$iﬁﬁﬁi, BER BFTeRDREMKy, HEHREN

FRATHERFL CLIA, C HRSEBERMTHBEEIT. %2% LI,

163



m (MNFRRNL)

/ secf WD OICBKE -

. WHB xxHE(RED
R GLY )
uuw<}meenm&>

I8 A R R R

TTRONL NU® &
mgU—-LXYNERCER
BEUASHILL |
e RaNe HvELL°
D00 PLHSHNBER
) :
O TRDZIXR Y UPRUR
pha SEMUREONE -
KHELU-LE Y IRRE
BENL VA R0mOL
2 U-LXYhUREb
SRWPEMe-
Fra-y U-LXvheR
, HEREO VS0
O TRE M HANKCKRLY’
ROPAV—LL YA
e SV
¥ (%R WOVHHESEN

o St o et e
R IO

aspe HIREY TY
=L N VSR RTIE
DU THKEHS

-n'uxeasuaaj

3 FLH0HA” CHRNHLIZ D
wxsml

q- [n-..!. \-]'\,\)_,-(\QN’

EMIROERRRILINR
HRIEHALE® 1R
SERELY 8] 3HK

BLANENSV SRR

VY-LEDOUERRYE

HEERCEBEINEETERLE

[

IR DT T

[-3

BT 1~
d

—_ 39
4

g b"\,’a

t

a
'
|

/.

pos1)

®
B S U-L{Y W
REDY RREQKN
EUROPVREOVRCN
on° Y EHEESCR
FOEVU-LTYIWED
Vv REERORW (KA
DINUSORYIRNER
1 BEEUY THEED
eHﬂah?PEwJEWQ

HORKEHRRL Y
mu<amewx&n)
dfummnj‘

§ ISR RER RO
EHRSEORD biHo
CmEH I <)
CEpARHBSR | B (8

Reaf () /
g;§ k& (5]

OREEIEONERERL
12004 QHRE VS
MINNOIKLRREOHS
QMK - WERKK
HUGTEM A0 LT
EHNRAUNAALA0N
g".
BHEREEL” RER(Y
EXRITHE OV S0MNY
] - S UREY
XL R{EVINNIEN

G

O[O KEXVRI-°
LYDRKHCERHKY
HAQAWEC KB
Radews° )

164 -

SRS Jpuesonn  §susy gouaces
GTWEREHONEEE MRS BSPIO> * L4OLE° D7 EXCY
e FTEHEECRPLORNK  —LXYNORE - XA K
FII0X @) RUK R (VWRYPUNSE) R BOELSE I 60@EN)
C RpELEEKE - EEH DU SeERUKED  BHMEU-LXYN B

KERHMOHORHKERY  HEWHVENOUEK K CROAHSKECHRNS

RERDLMELEICRR  WUAII-EH (R U5 GHAN SR UBEE

' o a5 LSmURRES RERHHE

fqﬁ‘*- Ky FOVRAUSNLL® B

R Mg ELROY RECRAER

B LR LY pOUAMOLRES

© ¥ M- MR R0 R

: L1
LT el
Rl o GTeERtnvEw
¥ L ™ g WROUVRPGEPR
g | [ 6 EDORNIH-Y)
¥ | 050 — Frew sremsand
v Shrg RUBACMESOIIE
: LE [REUBVIT g N 2o
! ROE RO RE EHE
t\ g% QNN LR UL

x i M CYROUEXRIIKSY’

"B " RUSUIS VT R
N -%3 X iﬁ‘ %
n : !

LN ¢\ X S

. A A} S
\\ | N
b | “ll A
L. oy ﬂl
& —— " an el
+

— AN

J ]

X uen;(nmm B®yY

fed TH 4

E—=b AT DETRIRAE

<[ gusleskeuueens

VRCEBLENS VS0
-
O CREMER WK VB
SVLe>
& 168 @) ¢ 98y
— LYY N CE<E M
HOHSCHOURIERE
MHEEOU-LXYN B
LALECREMESIVS
10° CEMWTRLRED
V' UBERCLERNEE
10° PBEAHRNIKLC
PIONS” BRBYRL
NE (NUES) bo° ER
BERUKDORRHD 1)
CRUROVORIVNELY
0 MELN 18200
NWARNHO 1 IS
NEREVEHOVZR™ N
€ 1ONREMLOREE.)
ZRPOMKEYRE QD
1P LU HECHRY
HRHGL” OWRRL
L EROUEEVE Y
BaUE (REQ) O B
CHIUREBLIBKO°
WO MRHEKIVIRCE
HUKCD® HORECER
U &R NINKE
EREANVE HENYN
ORECHS) Mkog
HOHSWOKKE ¢ HEP
ROUSNREHAL” KE
E ERU PP U-LY
YHERIGOO MEQL
LEPE° S PERRR
HOUOKIY Mo’ BE
BREVAND NEBSY
RO (KH) © WK - AR
O NEROMEORNRD”
AOLHLCRNR® VO
B EMLEM( R
D¢ AEROS BERED
HENTNOROVKME
ERKKE (RIS
NRRU—-LXNOUEE
B EEAARWINIVR
V-LENNOWL LIHER
REXHM °



Wik

G NR BECHH,
LEPVECHE (R

{Q) RRID §CRAS.

RE UK HRRRLY

OWNOMBHI R R

PR )

FromopvpusAr

-~

N VO¥ Begendy-L
SN XY RURRH

HELUNPPI0R
124° USDGH 1)
CHOU-LLY R

PHIXAR

PODuw & DAResy

1
Ll TR TPl TP (T [T

SRR

Y Bl fOY (LN
NUQODENS B &
fe ¢ HAUUOOHS AL

S1200R° SHKRR
PR Y~ LXNYDREM
| SEHMR AR Jutse)

5 TARHBU—LY »rwa

046 | RKEK20h

&)

}r\- ¢ Bk
ERQU-LX Y] (ERE
EE Y R—L U—-LYN
trmcmwwum
MUEA P URSOULD’
B ANE CHERHER
1;” LR VERHUEORD

* MRERELIOCHE

RHZ AR ERRCHE

RIEAERHL® WL

RERCHENHERL

EHQU-LXhHENL

Sl T TR T TR

&C | RN\ Y.

o )
dfﬁﬁkﬂﬁ@%@bﬂ—
CYhCRERR" SVDA
kwww SN I

&1 NB(Q:HHS‘WOJHHW

EQOMRKEAENE IR
AP NNKROIES *
IV AG HWRI HE G
AOPOUSLUAU-LL Y

NEREM QY

. N - BB - MR

KIHCERUAV-LXYN
| BRENEVZI0-246° |
I TU-LXYNOERY £

_RULHOURAC
& [U- L NPRIEN

BEVED ERUBIUYV

T REUSNENMS®

M- LN

10 [P~ S ER

WEBLIONEI N’

£YINCHRKAOEVER

Y HREROSNQL®

KYBUCHREVSI0HE

MR MG CUBIRE

|5

L1 TR TR

gl 11T
oo Y-LXe N
IR0 D | PR O Y—L
H=IN—-CKER PRQ°
DR U-LYNBURES
W TU—LXYNE” 1]
Haf (W5F) WNRED
B HN5° BRQU--
LLUYDEERE 00N

1[\[3\ J
d TIROLYS HP° )

& Me—bh—* WnZasdug |

| H-HoUoEHKES AN
¥ mR UL DN
HOER V- iR

—LXeNRANDN-] B |

EAL B KRR |
1R IO BRI
LPLRALS AHEAR
OPERKE - ARCRER
R0 O AR PO JUR
BUIKERUVE CLE”
cmMU£MPUJ%m°J
O TRUBpS S ERRARM
DR )
(BRWT=m K U—-LX
NRIE I

165




YHS5=21—2 Fa705

III

0D,

?.”S /M ?’.WJ
ﬂi}EE,J T‘*’E}_aéﬁﬁ ﬁ‘

WE— NS Tl BERR, BTRESHIORERC
MESNTUETA. COEES. BABAIRILY—
EESRE UL E— N/ TRHE BT RE" %5
BUFEUR, »

 mBOBERE. 2. —10~—20COEAST
THEBONET, E— N/t TO—i7% R BB
£5—MEATHICBHELTHEETE, E— R/
Tl HhOBEASRICKEBL T, TEESHU,
AT ELBAERRT 22N TEET, . &
BALRTBENSECAITIE, E—R/ IO
FAF— RIS @ETHDLICHEZ BN, EHD
TICREZHL) LD, KGHH SR (FEE
LHELDT, BEta—EPRECEET, FEOLD
DA, FELPOKOMRBERBLETOT, B
CEREEEE — BB TERE L SBHAB NS
COWEERG. SEEEAZELBEBAZDHND
£ &0, BKRREHBRRET>TEE Uk, B
GeE1PAIC. BIAZEXRFZOBAIC, 6 mXHE3.6m
XBEE3.5MOKIE TS Y MNise UIBBICEE L T
LT, SEQLAICIE. T TICHBEDERIC2Mm
EORTBATET BT EARREN. EREEE.
OCICHFINTNET, E—R/S Tld (B
50m. £ :1em) ALY~ NETREWICE, TL—

IDE—RN/ AT

BN s EEEAYOMACER
R & - HPRESRRT K E

|
I

TL—b71>

/

r

TR SO R H

E—tg7

/)=

B E (FEEK0~58)

COEKET R

\75<5(}§i:t

NT 4 VARDEF BN, BLBRTANENTL
=T, Ff-. BLEOBRICE. HATOKIE—E
RO, BWABARIF DN, ZOMUEREL
TOET, COVATLADBEICE, For< IR
F—ARBELAEVDT, HEDH HFTPLR
HED, BEHHORBTHECSORENGDE
£25NET, EHIC. MERMPHBROTBAS
LT, SBRRIIPHETEET, ‘
1P, BERRAEBREAICE. JvH1ERED
BEYMANT RVANDN., ZOFBRRESMLT
WET, . CORRA. 2BENHKFLETH
an., REEFATONET,
(B HEMBARED)

—2/4R%S-19805

- 166 -




R Y ]

LR T R

E

TEhL  04-574-817

’4';3)“ & Rv ng= £ Yo 1)

- \ T A

% QMO @ % © T i it

R LB O L0160 IR R )R 1 S v SRR 6

3 oE PRI TR e .38 AU, = A4 YragT e I e

GEHHKIRH Y R Q ¥ Q WAWEEED” R QS %
RO 2220 ~ ~ GE 0 wse 0w® S,

QiziiE, SEERUROIEIY Z i) ) Lo QB LK 0 12+

V=N ookl | Rk weH LB LR

SN Doy SowQ v KES S BRES

RRe 05 S B0 UK S BB A UEREEUS I S o

eIty AR TR T T A T e
C EEEEE = K HEEHRKRA

FRH N+ | oRie KEL<y

o~

1)

-7

® A

o

tiA

'

THE > 2ERE. E— b FRIQECT XY TREA AL

5 fa -%

st

LerbbhEaGELEBREORE, £

1,

+ 5

t g e

KOBRE" DA,

QPSS X

Z

B2

\J

|

i



1
J

r ol
N P
P géﬁﬁ
| %Qv%
& e
- D
Roo
OV e R
g < B
€5
[y
e B e

Wiy

1aa

- 168

oA KR 0 — <UD
WG DU N K< HoQuwegd:
KR O +RBIRO MR
BTV MR Y DT O B IK s
it 8 © L e et 13 O BE 4o 10 B ™ IN N

’;¢ggmm'Fmeeuwﬁ'ﬁ

ERHHHEEI< MWL e20
muwaw@ugme U — <

PNV HE @SS e D
N R © el R i -H © B IK
iE%“M%M%@Rﬂw’mAHN
G NN Kt RRAOB LB
p HH AT Ak = b T T BRI E L

“J IR RV -\
N AL e H ) 3K
~Z s & O B
OB R
AU R W
L 5e (b
e Q-
Ne s
[ a2 +3 K
NN\ <
B e
L— Hpved
<\\\\*I’ \/rt)u

NI

- —

SO EIE R - GO - S T
HWWRL LolEm KeKHVE
‘3#, (”)Sg‘\ﬁQSIWMKHNJOJV@
M & (L2 O 5 WU 5 o 4@
S KERE U O S0 0 '0 QUEEMR
WLER @ - mqfitEducation

<

U Economics W i w0 T

P A S g im0 2

o A “"1"“9 WS I T AR L e

e 1)l O IK DN Sy 5

P Q1T 1) Q Ut S i K uﬁmuj
<’ HMK »‘vf—ﬁlu::H\', WK K
s KK QoK bE
Wﬁﬂﬂkﬁbo
22 bk
s H K ®K
R |0 )
MELRY
"‘*5@19*6
° k1A
J%W“Mm
’E\\\ 1
< 1|
B R b &S
V1T R
ﬂ*\/;:*\m*




(8 )

K iE 8 4 I

BMe25£118148 (L£mA)

g G S= e
R

IR

|+l

|
|

Thee HEX Ky =Rer

) L) Aty g A S V= n 9 z-—1d [rald | D

[RRB] SRS R KR BCOFUZELH TR0 EPU~LTYN
LT YHIFV L AT : I MO ES {
RRZOHPERQLEEE N=LH20°7 HESHEERPUNRE SIS LEE PR
BoRES, g Qsngty YEmA I e, D A0 ’

Sim= SO FAR I~ NS RE&E W N
—y N =y )= = =y e :

U= LOTNBTBUND [ MWD ER Y YESK | SHMIeRED’ BHRT LR BIRYLH
ARKQEFESERK O | Fe e R O WEROES

N REKVBERESZERRH VONN INDINLEY

REERE RKEELD | QURROMIS VSN° §
,\thkwatkm,:Eé;mmﬁ\bmmKfmgwmﬂmﬁmm&
\

YNV EEQEISORITE | 2211000 JUIK 2
Q +3

ZRIMIIVRD ¢ IR EBEROHE

\J

=

QRIFEAC DN L 1IN | ey
ORITIWANIY | MJON V[ e d3

2

TR NI s | e
<= TEHEWERZOMES | R b}
RN L A0 | faee A gt s [P sy ) syt . . -
PR HERSEERVRL | B RELSEDWEE [ TRUM00" ey

®
e B (HOSHKBERHES

REEDRROTRUDNI | D

R e A S LS N LR N syt L T NI AL
STRRN SEEDMNE| SEReLEBEORREK

=z

IXh] - Bon) - e

SRR UM

1

LT T3 S
AT

RAEME R RT R &

B[V SEEQEEQHENY
B gty oudsiimn
B [T SugEvia

QUL NI oK ¥

SRR B! oK
BHEROWVE® Zpeis

b kA
Wi A

..... LTI L LT LTI} o " " n
m " m Wit i et e e

- 169 -



6?,/\/5

23]

3
2

H

u#‘ &é

—+

(F3EHFHIET) .

. HECERHINEIAD WOE R ROLEE oM EN

" #6%%@@%%&%%&“(Méo

%kﬁﬁﬁz&lb

res BE XY o

MOKE EMMKERRH

RNV IEORRKE
INREEHH T BRI CERIE KEGEg e RHAERIRIDERKY
" ! | ERERE REQEKM

lb\4vau5mmg@$@@®zg»A47rxlmamxmi&mom‘
u‘)*ﬁ4eaa@aﬁm§@i@%ﬁzgorﬁmvaﬁmf\ay:ya W HAREOREER

N N . Nt o 10PS° RIBERISRILISNY
ANALBHVRROMISERGSPHR RN BRSSPV OMISHE: BROBDOS (EIEY

OROOHENNN Lz
BB 02" SRR 3D
ASROE WEHOERAS
UV EROBIBISIER
REEIONE®

e

ASORHENINONRKOL
BREOK MNTIYIMNIRER
Q¥ YERHQRIE
RO NEIROCIRVE
HONEHR M <H

Lo

og a4

ARKEHEJEHS AR
R UMY e” i

k
I
_/

ﬁkmmfimﬁﬁwﬁbhfwéﬁﬂ

RARL - LA EARREEED) |
§l= =
| |
—

| L CERRURL 2R

FHQ-HI QIR R K 0
ERNKOHEG :

BEWNLORmBK S+
1237 Bl Byonlsr
MRG0 H-4 Ol
RIEE NOEEKY~XQ
EE L IHP QU ~.LE
YN VR £11]
HOXKEHRWL QYN
10° BRI AN R
TR HDESURIERIUS
MRO” EHRLLEERS

S ERVESORERRS

Fip - RTmOR MR |

FEERWNINTY R O e iR v

B T IINPREOM
0
-SRI

TR U LN

/- | SRY RS8N0 | 1R°
B S M RERR R BOR

S1IREENQNON~ L
TYNOBEHE LRSS
DEHREE SO R LN LY
KNS —udR”

- ol
KE MR SeHOmH

KER-HKH SRR

18 GRS « NIBHRze |
ROUH-RT IR 205
KEOLLBNIKLIHO |

L ° z
VRO SR PME:

SERVREMRSIINNI |
AAIKLRAVRRONS
TERAEmMOMIE DS | gD
MIe°

EERMNSERCRIKE

REVROFSPNPREK

- 170 -



N e e e Ve

1988 E03I63F) 7 A<

<HZEHUHHOHE:
LEZORENNNLREE
K ER
K OERVERIIRHPH

ROZHBLGHS
AEAON

ERAERHKERESH
CEHK - BRRRRKEE
EPERE EXEW &4
TROBRYZY HMER
JOHERINNRGE OB
QER” W KEDNNL
WEHONS T8 | 2
BURIEN T RPN
DRNEROL SIS K
LREHOERRIN YR
YR | ERONANRNL
BSOSO = E2V)
EERRERUL KX
BHEVOPRHER HESK
B TREIQRLRE O

1) AR

NENKIRT HH=

V- heftbek
e ¢ TRVl

N TR R TV OL

HHORRNY

I NYEEOLEHLY

SEECHOSHNU—£Y
.,

=

HENERPREER® u—
L DNENRNIXEIN
OARNKYFAL PN
NOANRNREIZVHIKAR
VNEORAOBRORTOH
WE M PKIRIRRD HY
ZHEUQ KENNNLP
BEN - 407 BN
N« HLROHR-HiE
S WQlezE
FREIZONTN (TP
Sh_ME) RIHIEHD

BHU—2 NN KK
=
220 - BHAUHOR
B N NEROEMNIS
REONEK REEONE
BOOSEONEHLY B
HEACHH® RIEHTI
.C.I:Puﬂ /nw/ﬁw*cmm.\d
TR N IIGE
Tpie | 3PS’ w—2X
TNSURRRINA I
RREML

R BREH<RHE

-

S HURFRHOBRLL
USNNNANNIK LRV
LREORSOBRAQKE -
ERKEH—BVVENXK
QIEEMRD N RYW
SHK N OKEIFOMS
Q) VIRERFC L HEN
NN AENIA0T8R
RURS R HKER
VUQEEENE O VS0l
HUSTSORIET « HEHE
ML 4S [ IRt

AW AT as | TR S RIS oKX

ooy vEKES

O8O3 | UEOMIS P

S 171 -




1988F(BME3FE)7A23 B(LE

5

SEE 2R

-

cis

ot

ER (CRCTH

Tivaa 2H

" EN] Y EEIN—CUONNE Co<iHEN Y
ﬁD&L JIEKEHARE D RMOE PSR NE
ﬁﬁﬁ?éimm\ﬂﬁfzx ERHK R QHE

o LU e (T /D_EGZL..) QA 7 A% I |
BTN RS SSTH/ OITR T TR A e P S N0 R ey

EERSTNENIXLG MRESINEIN
A IR MK RET | ABKEEN) DIiIpEK

EN SIS o

FIBDIESB RS &

E—h /84 AT BATXA

TEIR

MOKE IR
FEMAOCIQ-HEHXIZQK
USROS R0
L EHOIREIREENSS

Uit IR KEHEE
ZHERNE EXTIR X

Eﬁﬂ&ﬁﬂﬁ%ﬂ&bﬂ.

QWLR°
HEE
mm BOEENNC
HHNEREE
Y § MU—UhWY
jJ § RoRDNg
e § KLY
by § e o

._ w& £ NI

NAKEIND
$Am 2 NN
PR .
HEEnY No

+U § R~z
A% Sl S NE B
BN § ooy
£33 § prmugy
;o § REOuEe
o § emumsxe

. VESERouQ® 1)
PO Y
YEQURHORRTIE

FISPS (g VAN (N

RQ" |
!
B4 1T [ERKEY
PIL SNGN N 22X 8
L st RN AU AT Sy ' AT XSS ]

BeRENN - 9 B
e K" KEnKReE
BENT IHREQHA |
YOQUESRRWES -5
ISR - ENS
M2 N KRN
RS HISERD I
HADY U—LUNER
FR | 2B
DR ORI RO
EIRERWRIEY AR
THIR A NBSIR S
WIKAUSI L0

DO ] A—KNBKS %
O S St ]
KR RITE #645
TV LRSI L AN
EOARIS O B
RKTROBRM SRR
L GQEEERIRR INY

B e RENER | 5 |

KEHQUR MEEHRN
WAL — TR ©
HLHROMQIBIKY W
B8R AL

Xy

- 172 -



1990#(?&2&)8H27E(HW8)

(FFY)

g B

5

00 SO S 0 sy g g

-

[l %.

v

o

o,

w

EHRR RIS ER

3 POOEEQIEN

A < o

S IBERE £ %)
K 1N
MINNMIXK RS
UL EEL R
A= e Nu
EHMNREOW Mg
LMoy IOV

o
FHOMALIEHER

HOBHK SR
ERHHE) &
BROME U
REVONEL S
WERIE DS
B0 80
IR ARHR AT
KO HES
Smi-TiEe”
BRI\
B0

(BE R

MBS I M=
i 2< O Vs St
R-QEH 38U -
o BRI R
o YU WY
2 s
S
WY
= EB=
2O
NG
80"
1= )
< KN
¥R~
X~
7N
AN T
FDwd
QES | VHEU AN
O -REAAZH D
WS PEIEEORIER
RHEEL° mEEQENS

HY ey (=20

N RELE i
PHRYS UREEEQ

BLQERY MRIFTR
RROMIUY B0
VRS W8N R
TENO | VHEA WY
QRO HOKE
s
—ERIE I O\ K
A D4 T
RHRCLS EHO AW
QHHWEQ e |
DENVHYURENANT R\
NS EHQUHEN
EhAPE O
B 0 URRE O
& UQENSHOBER
MEHQUS U HEU-L
KEmSE TREH

iy o QLRE

RIR< D4
PV
gL
4R
WERARN
RXRRY
OV N
HOHRIY
Cyka
7 TN
Qi ¢
IK & 1w

RONEISES
B/Y UQ
T NavH
R QW
A I

KABLEREREDAAH

D& AT E R A 0 F

RITZ O OHASL S,
DFHIS) A EYR
QEE IZT = oni)N
IOy

LN AT 0
HRLY HEU A —
LU NW<HE XK
SR IQ RVt TG EV LB
A V=N X
INNDIX QS ~
NOZTLUNONRX

EHRADAU On60°
QEL CRTORK
RIRE O ONE
ORBIBHL MR
B0 — QB

BRGNS XX H

ORI MS

S
NORENVON © 495K

BRI AN R R )

BRI 11 i R

B4 mOER
YA ONE Bk

OB TS

BEJIKLS &EQ
K I QIS
NFRTHHEIQE RTHY
HoRIMOL” MFYR
~HISERER SR O\ ¥
RIEASC S | raem
HMOAUQIRAIER S ) 2 U-H
UL

VOHIES s 1
A LN BT
SR S QNN

e
VREHHE-REQER
HOREEN VS ¥
QL EE D
M RS
SHAEDORET Y
NS BV
et SR T S

FLOUT - QL

—LIUNNTLY B9
BEREIDJSSVUEQ
NOAZARN NS Oy
ST e N g
—HORERSCY” Kl
Rt S (VA et =7
o RIENe
=X ROV A A ARD
TERY VLD E"C
Q I ITHE OO J

RN T WQ°
Tk

e i > N

f?é?é?é%Eé?é?é%é§§§§§?§§§§§é§§§§§§§§§§§?é?é%ié?é?§§§§§é?é?é?§§§§?é?§§§§§é?§255353

allle,

atllt ottt

mmmemmmmememmmmmmemmmmmemmmmmm.

diz

— 173 —



» & A =

O —MRATEFEBALEATRIERFEEICET ORI, FLEFERF
rEKEBHRLST, BERABRERERLL. PEBHARN L OXRAFREF TITD
nELE,

B, - ML TOERTERERISETINIS YV FOBRBICVWEDZTARTO
BET, BAEIRMHAFOIEMER. TRARN (IEEL) KoKR228)
HCEOTHbAEZ LR FESBBOALE T, 2, HEBREXRCHEY,
%ﬁﬁk%ﬁﬁﬂ#ﬁ%ﬁ\Emmaﬁﬁ(ﬁiﬁi)w%ﬁ%%t:atﬁﬁb‘
¥, E— MRS TR RISCHMLT, BABRMAMBAR, ZAEE #
FH—OWMEICRS RO I R2EBEZLICELRBHVEL TV, Tk, BRBERS
BEHFREBECHLT, BRI YS=7Y) Y 7ARON THRREQILS, X
COREHEE, BEH #EL0ZALBACEBMOELET, Tk, BREYTREDER
U EBRMoE SR, YHEEHOBMROBICRHVEL T, ETEE
CEHLTROEEEYEOLEHROBIICEHBL IS, ‘

WO EBEAYTHEEAAYRE (AEBLATEHRSE) . BE BHE
(B2ET) 2309, SROFPLEFEEOM NE2R LI LIS, ZTTCHEZRL
E 3 '

BEIC, MESHEEZOUYHRZOL EBHFCLELKROBN, R T8
CBmAYESOHEERHYLTVWEEVEZLCERHVWELET,

(& BELXX &)

- 174 -



