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(Aug. 18th~19 th. 1951)
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c) | Q) (C) (C) (C)
18 H 208F| 244 17.7 18.7 19.0 1.3
235| 220 16.7 18.3 19.0 2.3
195 2 20.0 17.0 17.2 18.8 1.8
5 194 152 16.5 18.7 3.5
6 215 15.0 16.2 18.7 3.7
8 258 151 16.2 18.8 3.7
11 294 16.3 17.0 19.3 30
14 28.0 179 181 20.0 2.1
17 274 18.7 195 20.0 1.3
20 225 17.8 187 19.0 1.2
YAl 24.0 167 17.2 19.1 24
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ZLTAY 74 RED—EKBRLLEZ—TRES:
HBHLBOTeNL DR L REEEZL, RV
FAKAEGIET S ERORBICONTAKMZET
L, THhitfE->THRHEBEIBFED L, DOICHER
BUTWKTAThAD, LLLINLOEEHKE
DOEHEBLEREBLRNETRIODTHE 00,
ZOMERY FTHKEELL, BHZHHTEC
EMTEBZRTTHS, COKEETFEHAICE
BXETCCOHWNEEE I HICEEMEE
Bk ERSH B, chitE7e—1rR& 70~
TEROVIEOWTRELTARIOERER S HkEH
SEBBREEGFATICEE LKL, QR Ty F
BE3-1ILRTTELTH B, ZAKEBOEBEMNK
ENWEEBNHFOET ICBRILD,

P

O (D AREAEE
\Q\?w r2>:ﬁaﬂﬁw—
L (3) W= -

T GEIRT 3 E .
| | (5) kz-% '
.

I I

3—1 KEHEMERLE 2 ORE

2. 1 i/ 7
(1) LD FBAME O ORKL S 55
M. SEDAY) 74 A OHEZ—SHRER
Q=c/2g raf z x60x3=p/2z  (3.1)
zic #=180¢/ 2g -a (3.2)
Kh o BEBEKTEY =059
a: &Y 7 4 ZWERE = KEE
g: ENEE

WE AEZKERETNIEEOBERID
Q-dt=—A-dz

dt= —%dzz —%z%dz

_24A —

‘;:GIE ﬂE> 3.3)

(2) HEiBith, ZAEAEITIZEST 5
RYTEXODEKEBR Qi Y 74 XV DR
kg% Q LT hidERKEOKiIZ

(Q;— Qi dt=A-dx (3. 4)
— AQu—p ) ~dz
wRiwehiz H, oS H, TRSTHEID,
éf~&mj ‘Zhamkbﬁiamxvmﬁ
nid &,
(2 =255 p 501 de=—f(a—X)dX
BLo X=a—b«/z ERBMPS

i dz 2

P wxte

=—b2—z<a—b«/;>—i(,l In <a—bﬁ>+c

(3.5)

L83, 22T a=Qy b=p #RATHE

_2AT,4Qi )  Qi—u/H,

L= 2 |:2.3 2 log Ol EL

~(vi ) | (3.6

3) EHERE

Ry FTHEEAE AL TH S FAMARD H,
o H, FTRKBIZDICETLREE e &L, D
FiC AR v PTHKERS Uik iEZE L, KA
H,»o HICGETHEMEE 295,

—F t ORI —EOHRE QBRI X-T
KEICHEAT D, L OMICKEFTHERV 24 Y
T4 ALVDEHBL, & OB R Yy & UK
DRARIR Qutr THBM, ¢D3H VIRAEIC
FZoNB00, R Gttt ) 74 2&D
RHENBZAER VHQi t;—V)=0Qstr Th 5,
TDKER (tett) THHETEIDTHEND, ey



HERxN Ttz oN5,
Qn= Q- ts

. te+tf
4) HEHEHE
AU 7 4 Z%E r=0.025(m), a=0.00194 (m®)
ZKMEKTHTE A=45(m?), Q;=0.8(m*/min)
WHZKEZ (FV 74 2PNLEHDER):
H,=0.600(m)
)74 ALK DDEE):
H,=0.025 (m)

8.7

- REKAL (A

(3.2) &b

2#=180Xx0.595x 4 2X9.8 X0.00194=0.931
Ry 7S EEpIE, ZAEOIKLD DK, (3.3)
;_EWCJ:?’C

, _ 2X45
°7 0931

EEBE, ki H, £ THTICET 2RI
M2-8&fBELT

s H, =0.72 (m*/min), uy H, =0.15/m*/min)
3.6) Kick»1T - '

L 2X45 2.3x08 ,  08-0.15
7T70931 | 0931 °808—072

__<¢5351;¢7i@2$>]==1144(5})_v

3B NRICET

<JW—JTM§> =5.96 (%)

FHEEE
O 0.8 % 11.44;
<™ 5.96+11.44

H v Bk EE Q=08 (m’/min) IKHIKFIT L -

THIIRT % & FHFRED Qn=0.526 (m’/min) 7375

Sh, BYFRIEERMIZ 5.96(5), & v gk

MmUAMﬁLﬁle@Jtmo,C®%@

=0.526 (m

*/min)
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24 vy F OBEERBS—EITIRbLNE T &L 5,
e~ 4 —~BEHOBHHBLOIEELTHS
&, HMEEEL 2B LEXE00X5TH
%, ZKBEEBITHELDOHHLTEIRO X
INEBTFHEDO D E L, BRFEBES
DNTHRTIEMMTE I E SR ZAERE
ARECKBLUT, ANEBHBAEEEZFTHLT
K7 eWEERL, BhEHNTICLPEE
Ly,

(5) WARELFEHEBOEL

RUYTHRIELIZEEAY 74 AOHEHESEN
i3, ZAENOKNRIETSTE2—-HTHYD, H=
060m X ¥ H,=0.025m g TAMEREFTTBI1CD

NToOHREEIR 3.2 XA TKDOLNB D, =D
BRELICRTCEL WS, Bht 3FHIK

BRURKHZERT 5,
31 ®> Sk

kAT | f B Q | HBEM
H (m) (m*/min}) t (%)
0.60 0.72 0
0.50 0.66 0.65
0.40 0.59 1.37
030 051 219
0.20 0.42 317
0.10 0.29 443
0.025 015 5.96

DX Cf’/7’a§ BL, ZAKEEZFHITESR
Q:=0.8 (m*/min) & LT
VH,=0.1582, u/H,=0.1472
AV 742X 00WRE w/H kb, H K
o AR 3:6) Rick-TER3I242E3

§3~2 # 7B, RAWEHTHE
H, A H, Q—/n/ﬁ /Fl—}/pz Q,— /“/Hz ;f T—
g =te+t
(m) (m) (m3/min) (m 1/2) Qi—w/'Hy (min)

) 0.10 0.025 0.2944 0.1580 0.1110 0.595 656
0:20 0.025 0.4164 0.2890 0.2309 1.623 7.58
0.30 10.025 - 0.5099 0.3895 0.3522 2972 8.93
0.40 0.025 - 0.5888 - 0.4743 0.4901° 4.789 10.75

\'O.SO 0.025 - 0.6583. 0.5489 0.6634 7.386 13.35
0.60 0.025 0.7212 06164 10.9183 11.44 17.40
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CNEERLESOMBRI-2TH D,

H a2
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2 146 | 114 | 118 | 122 | 128 | 138 | 107 | 124 — | 137 126
3 152 | 116 | 123 | 124 | 137 | 146 | 111 | 127 — | 148 132
4 155 | 117 | 130 | 128 | 144 | 150 | 114 | 134 — | 158 137
5 158 | 121 | 133 | 131 | 149 | 155 | 117 | 138 — | 165 141
6 165 | 123 | 135 | 134 | 151 | 161 | 121 | 143 — | 173 145
7 171 | 127 | 137 | 138 | 156 | 163 | 127 | 147 — | 180 15.0
8 172 1 129 | 189 | 139 | 160 | 167 | 132 | 150 — | 184 15.2
9 173 | 131 | 141 | 141 | 161 | 169 | 135 | 153 — | 188 155
10 175 | 136 | 142 | 141 | 163 | 169 | 136 | 157 — | 192 157
11 176 | 136 | 143 | 142 | 166 | 170 | 138 | 158 — | 195 158
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8 185 | 190 | 187 | 159 | 156 | 176 | 164 | 194 | 129 | 168 16.6
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. 169 | 183 | 156 | 190 | 172 | 131 | 138 | 195 — | 169 167

8 172 | 187 | 157 | 196 | 179 | 133 | 140 | 198 — | 171 17.0

9 175 | 190 | 159 | 196 | 181 | 136 | 145 | 204 — | 172 17.3

10 177 | 194 | 160 | 200 | 184 | 136 | 149 | 206 — | 174 175

I 180 | 198 | 165 | 200 | 186 | 137 | 150 | 212 — | 175 17.8

12 181 | 199 | 166 | 206 | 186 | 138 | 153 | 212 — | 179 18.0

13 183 | 201 | 169 | 212 | 191 | 139 | 154 | 212 — | 181 182

14 184 | 202 | 171 | 212 | 194 | 140 | 157 | 211 — | 181 18.4

5y 7 A # g (106
BWEME L L

6 7 3T 4 (108

A
%\ 21 | 22 23 | 24 | 25 | 2 | 2 | 2 | 29 | %0 | & | % g
% ok M| — | —| —| 100 —| 99| 99| 99| 98| 01| 98| 99
0 —| = —| 22| —| 2| w03 102| 08| 09| 103| 107
1 — = = 18| —| m9e| 10| 12| 122 122| 125| 123
2 —| = — w1| —1 122 120 15| 19| 125 130 125
3 — =l —| 48| —| 128 122 19| 125| 132 | 132| 129
4 —| —| —| 19| —| 138 127 122| 1382 | 135| 139 | 136
5 — = —| wo| —| 18] 11| 130| 42| 142 148| 144
6 — | =] = we| —| 19| 137 | 132| 148 | 148 156 | 150
7 — | —| =l 188 —| 12| 12| 139] 152 158 | 162 156
8 — =l — 192| —| 160| 146 | 140| 160 | 160 | 165| 160
9 —| — = 19| —| 165| 150| 49| 165| 62| 170 | 166
10 — | —| — 23| —| 169 153 150| 171 | 165| 179 | 170
11 — | —| — 25| —| 10| 157| 152| 175| 169 | 180 | 173
12 —| —1 —| 20| —| 19| 19| 19| 18| 170 | 182| 177
13 — 1~ —| 28| —| wo| 62| 162 182| 172| 185| 180
14 — | = —| 25| —| 79| 62| 162| 182 172| 187 | 180
m ok B| —| —| — 25| —| 179| 163 160 182 | 185| 190 | 182
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H

H 1 2 3 4 5 6 7 8 "9 10 Sty
SRS
B2 oK # — 9.8 9.8 9.8 9.8 — — 9.8 9.8 9.8 9.8
0 — 10.3 10.2 9.8 10.3 — — 10.0 10.0 9.8 106
1 — 114 124 10.5 11.9 — — 116 11.5 10.2 114
2 — 11.7 12.9 11.1 12.5 — — 11.9 11.8 11.2 119
3 — 123 13.0 11.5 12.9 — — 12.0 12.0 115 121
4 — 12.2 13.8 12.0 13.0 — — 12.3 12.6 121 126
5 — 13.0 14.9 12.5 14.0 — — 12.9 13.1 127 133
6 — 136 15.6 13.3 14.9 — — 130 13.2 12.9 138
7 — 143 16.5 15.2 15.6 — — 13.6 13.6 13.7 146
8 — 14.2 17.2 157 16.2 — — 14.0 13.8 14.2 15.0
9 — 145 17.9 16.2 16.7 — — 14.2 139 14.6 154
10 — 15.2 18.6 17.0 175 — — 15.0 14.2 14.9 16.1
11 — 155 19.0 17.0 17.8 — — 14.5 14.7 15.0 16.2
12 — 159 20.0 17.2 18.2 — — | 150 14.9 15.2 16.6
13 — 16.0 20.2 17.5 19.0 — — 152 15.0 15.8 17.0
14 — 16.0 20.3 177 18,5 — — 15.0 15.0 16.1 16.4
A oK B — 16.2 20.3 17.7 19.0 — — 15.0 15.2 16.1 17.1
8 8 H o4 (108
) = 11 12 13 14 15 16 17 18 19 20 T o
A
2 ok W 9.8 — — |99 10.1 9.9 9.9 — 10.0 — 9.9
0 10.5 — — 12.2 11.0 1.1 11.4 — 10.9 — 11.2
1 11.6 — — 139 12.6 13.0 12.3 — 12.5 — 127
2 11.9 — — 13.9 13.5 14.0 125 — 12.7 — 131
3 12.0 — — 14.1 13.9 151 136 — 135 — 137
4 12.9 — — 14.9 14.3 15.4 14.3 — 14.0 — 14.3
5 13.2 — — 15.2 15.1 158 15.8 — 14.4 — 14.9
6 14.0 — — 16.3 15.2 15.8 16.4 — 14.9 — 15.4
7 14.0 — — 17.1 16.1 165 17.0 — 15.2 — 16.0
8 142 — — 18.0 16.1 167 179 — 15.5 — 16.4
9 149 — — | 185 | 165 16.8 18.1 — 15.5 — 16.7
10 14.9 — — 19.1 16.9 17.2 18.3 — 16.2 — 17.1
11 15.1 — — 19.5 17.2 177 185 — 16.2 — 174
12 15.1 — — 20.2 17.9 18.3 18.6 — 16.2 — 17.7
13 153 — — 21.1 18.2 18.4 18.8 — 17.0 — 18.1
14 15.3 — — 21.1 18.3 184 185 — 16.2 — 18.0
oK OB 152 — — 20.9 18.2 184 18.8 — 17.2 — 18.1
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F:5—1(b) | KK EBMME (146
1) 6 F k4 (145
il A 1 2 3 4 5 6 7 8 9 10 o1
J=!
2K A 9.7 9.8 9.7 97 | 100 — 9.7 97 | 100 9.7 9.8
0 117 | 107 | 105 | 115 | 108 — | 122 ] 122 | 112 | 133 1161
1 126 | 112 | 115 | 124 | 125 — | 126 | 132 | 128 | 137 12,50
2 135 | 118 | 123 | 138 | 133 — | 140 | 150 | 142 | 144 136
'3 141 | 123 | 125 | 146 | 138 — | 151 | 156 | 150 | 149 14.3
4 148 | 129 | 131 | 156 | 148 — | 160 | 164 | 160 | 153 15.0
5 154 | 133 | 187 | 165 | 158 — | 165 | 170 | 167 | 159 156
6 158 | 143 | 144 | 177 | 169 — | 175 | 180 | 176 | 163 16.3
7 164 | 149 | 150 | 186 | 175 — | 1821 190 | 181 | 168 17.2
8 166 | 153 | 156 | 189 | 182 — | 189 | 195 189 | 171 17.7
9 171 | 162 | 162 | 195 | 189 — | 193 | 200 | 196 | 178 183
10 174 | 169 | 169 | 202 | 192 — | 202 | 204 | 201 | 179 188
11 176 | 176 | 174 | 204 | 196 — | 207 | 27 | 204 | 183 19.2
12 174 | 179 | 176 | 208 | 199 — | 205 | 213 | 205 | 187 194
13 170 | 190 | 180 | 208 | 197 — | 203 | 211 | 205 | 197 196
14 172 | 197 | 180 | 209 | 195 — | 202 | 208 | 206 | 208 19.7
2 6 A A (148
o~ H i
zau}ﬁ ~Z 11 12 13 14 15 16 17 18 19 20 T o1
2 ok @ — 9.7 9.6 9.7 9.7 97 95 — 9.6 97 9.7
0 — | 103 | 100 | 105 | 110 | 112 | 104 — | 109 | 108 106
1 — | 104 | 104 | 110 | 126 | 131 | 119 — | 13 | 127 117
2 — | 105 | 105 | 120 | 135 | 144 | 130 — | 135 | 141 127
3 — | 106 | 110 | 127 | 141 | 158 | 137 — | 139 | 148 133.
4 — | 108 | 114 | 134 | 150 | 164 | 145 — | 147 | 160 14.0
5 — | 11 | 17 | 138 | 158 | 177 | 150 — | 155 | 169 147
6 — | 11| 122 | 145 | 163 | 192 | 155 — | 169 | 178 154
7 — | 112 | 127 | 152 | 173 | 198 | 159 — | 176 | 188 16.0
8 — | 114 | 129 | 160 | 183 | 210 | 164 — | 178 | 195 16.7
9 — | 117 | 134 | 165 | 189 | 214 | 166 — | 184 | 202 17.1
10 — 1 119 | 141 | 169 | 196 | 222 | 169 — | 192 | 208 17.7
11 — | 122 | 149 | 171 | 205 | 228 | 171 — | 197 | 210 182
12 — | 126 | 152 | 175 | 207 | 229 | 172 — | 200 | =213 18.4
13 — | 182 | 154 | 178 | 204 | 226 | 173 — | 201 | 217 186
14 — | 135 | 159 | 178 | 204 | 226 | 173 — | 200 | 217 186
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o~ H 21 22 23 24 25 26 27 28 29 30 T
J!
= ok M| 97 | 102 9.7 9.8 96 | 100 9.9 — 9.7 — 9.8
0 105 | 109 | 110 | 106 | 112 | 118 | 114 | 110 | 107 — 124
1 108 | 129 | 146 | 110 | 124 | 139 | 121 | 134 | 125 — 142
2 12 | 140 | 146 | 114 | 133 | 146 | 132 | 151 | 132 — 15.1
3 U5 | 147 | 148 | 119 | 140 | 162 | 136 | 168 | 137 — 159
4 1.8 | 158 | 156 | 122 | 148 | 174 | 141 | 179 | 146 — 16.8
5 122 | 170 | 163 | 125 | 156 | 188 | 148 | 200 | 150 — 17.8
6 128 | 180 | 172 | 132 | 162 | 200 | 154 | 209 | 158 - 187
7 130 | 192 | 182 | 136 | 169 | 211 | 161 | 219 | 162 — 195
8 132 | 204 | 188 | 141 | 174 | 221 | 164 | 234 | 166 — 20.3
9 138 | 215 | 197 | 148 | 181 | 230 | 172 | 241 | 171 — 21.2
10 141 | 220 | 207 | 150 | 184 | 236 | 177 | 250 | 175 — 218
1 142 | 226 | 210 | 155 | 187 | 241 | 180 | 250 | 176 — 22.1
12 146 | 230 | 212 | 160 | 189 | 244 | 182 | 250 | 180 - 2.4
13 149 | 234 | 213 | 163 | 192 | 242 | 184 | 248 | 182 - 22,6
14 150 | 234 | 213 | 166 | 194 | 240 | 185 | 243 | 183 — 22,6
(4 7 A k& (14K)
~ .
El H 1 2 3 4 5 6 7 8 9 10 o
J
2 ok M| 102 — | 103 — 97 97 9.7 9.7 — 9.7 9.8
0 12.0 — | 139 — | 105 | 106 | 115 | 119 — | 107 116
1 137 — | 149 — | 116 | 123 | 121 | 138 — | 1ma 128
2 150 — | 170 — | 131 ] 128 | 130 | 158 | — | 118 141
3 152 — | 183 — | 145 | 133 | 133 | 172 — | 124 149
4 17.0 — | 199 — | 1587 |. 146 | 137 | 185 — | 132 16.1
5 17.3 — | 205 — | 171 | 148 | 148 | 195 — | 136 16.8
6 182 — | 216 — | 180 | 154 | 152 | 208 — | 145 177
7 19.0 — | 216 — | 200 | 158 | 154 | 222 — | 153 185
8 19.8 — | 219 — | 204 | 165 | 160 | 233 — | 157 19.0
9 205 — | 221 — | 217 | 167 | 163 | 245 — | 161 19.7
10 211 — | 228 — | 226 | 173 | 168 | 250 — | 165 | 203
11 214 — | 225 — | 231 | 175 | 170 | 254 | — | 188 20.8
12 21.3 — | 220 — | 235 | 179 | 170 | 251 — | 202 21.00
13 211 — | 213 — | 236 | 181 | 173 | 261 — | 230 215
14 211 — | 209 — | 236 | 181 | 178 | 258 — | 243 217
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5)

7Rt (148)

w~F | n } 12 ’ 13 } 14 15 , 16 17 ) 18 19 ] 20 | %
BT~
% Kk B — — — 9.9 9.9 9.9 — 9.8 — 9.9
0 — | 12 — 1.0 | 110 | 113 | 110 | 113 | 112 111
1 — | 140 — 136 | 133 | 137 | 142 | 145 | 147 140
2 — | 142 — 143 | 140 | 147 | 152 | 144 | 149 145
3 — | 148 — 158 | 155 | 153 | 159 | 154 | 152 15.4
4 — | 158 — 170 | 167 | 168 | 170 | 169 | 161 166
5 — | 168 — 182 | 181 | 185 | 185 | 185 | 177 180
6 — | 172 — 199 | 200 | 211 | 200 | 199 | 190 196
7 — | 184 — 212 | 218 | 211 | 216 | 207 | 198 20.7
8 — | 190 — 221 | 228 | 230 | 230 | 215 | 208 | 217
9 — | 198 — 229 | 238 | 242 | 232 |.223 | 219 225
10 — | 202 — 231 | 243 | 250 | 239 | 230 | 220 231
11 — | 202 — 233 | 243 | 251 | 240 | 230 | 229 | 233
12 — | 209 — 236 | 250 | 251 | 238 | 229 | 228 23.4
13 — | 211 — 234 | 250 | 250 | 238 | 228 | 228 23.4
14 — | 211 — 234 | 245 | 249 | 238 | 228 | 227 23.3
6 7 BT m (1458
=
a~F | 21 | 2 } 23 | 24 | 25 | 2 | 27 | 28 | 29 | 30 | 31 |¢
2 ok | 90| 99| —| 10| 99{ 102| 99| 00| 99| 99| 99 9.9
0 126 | 119 | 110 | 108 | 102 | 108 | 115 | 103 | 102 | 108 | 105 | 110
1 135 | 135 127 | 135 | 119 | 128 | 132 | 130 | 102 | 119 | 109 | 120
2 137 | 148 | 140 | 140 | 122 | 182 | 142 | 139 | 135 | 125 112| 134
3 146 | 152 | 148 | 142 | 130 | 140 | 149 | 142 | 155 | 128 | 115, 141
4 159 | 155 | 160 | 152 | 139 | 152 | 158 | 158 | 142 | 130 | 120 | 148
"5 170 | 162 | 171 | 170 | 150 | 168 | 167 | 167 | 155 | 132 | 131 | 158
6 180 | 170 | 180 | 185 | 155 | 172 | 178 | 172 | 169 | 142 | 142 | 168
7 190 | 176 | 190 | 200 | 160 | 182 | 189 | 180 | 172 | 150 | 150 | 17.6
8 198 | 181 | 192 | 210 | 170 | 189 | 192 | 181 189 | 155 | 162 | - 184
9 204 | 189 | 207 | 228 | 172 | 198 | 202 | 192 | 192 | 162 | 169 | 192
10 212 | 192 | 210 | 241 | 178 | 202 | 209 | 192 | 202 | 179 | 178 | 200
11 218 | 192 208 | 248 | 180 | 202 | 210 | 199 | 208 | 179 | 180 | 202
12 220 | 195 | 210 | 252 | 182 | 210 | 211 | 202 | 212 | 189 | 188 | ~ 206
13 [e222 | 199|211 252 | 185 | 215 | 212 | 200 219 | 192 | 195| 209
14 228 | 199 | 211 | 252 | 198 | 212 | 212 | 200 | 220 | 192 | 199 | 211
& ok B | — | 200 — | 22| 188 212 | 215 200, 220 202 | 202| 210
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>~ H 1 2 { 3 4 5 6. 7 | 8 9 10 | %y

=8

% oK M — | 108 9.9 9.4 9.3 — 95 95 9.8 95 97
0 — | 108 106 | 103 95 — 102 | 102 | 105 | 104 10.3
1 — | 115 109 | 117 | 106 — | 105 | 112 125 | 117 11.3
2 — | 119 110 | 118 | 122 — 109 | 112 125 | 124 117
3 — | 120 115 | 124 | 139 — 112 | 115 132 | 126 12.3
4 — | 122 119 | 130 | 139 — 113" | 119 140 | 131 125
5 — | 132 122 | 130 | 148 — 119 | 122 149 | 133 132
6 — | 140 125 | 131 159 — 125 | 129 155 | 135 137
7 — | 145 135 | 142 | 169 — 130 | 132 159 | 149 14.5
8 — | 150 152 | 160 | 178 — 185 | 139 | 167 | ‘156 155
9 — | 155 162 | 170 | 190 — | 138 | 145 | 172 | 161 162
10 — | 159 169 | 180 | 195 — 140 | 152 179 | 169 16.8
11 — | 162 178 | 181 | 198 — 142 | 156 | 181 | 17.1 17.1
12 — | 182 182 | 190 | 202 — 148 | 162 182 | 175 17.8
13 — | 189 188 | 193 | 210 — 152 | 169 185 | 179 183
14 — | 187 198 | 192 | 201 — 152 | 169 185 | 179 18.3

& Kk B — | 197 | 202 | 197 | 210 — 153 | 16.9 186 | 182 187

@8 8 A ] (148

ol H 11 12 13 14 15 16 17 18 19 20 | % o

)=

2ok M 9.8 9.5 — 90 | 102 | 100 99 — 99 — 9.8
0 101 | 100 — 95 |.107 | 105 | 106 — | 105 - 103
1 111 | 105 — | 120 | 128 | 113 | 114 — | 129 — 117
2 115 | 115 — | 130 | 130 | 117 | 122 — | 131 - 123
3 120 | 120 — | 145 | 135 | 121 13.1 — | 11 — 13.0
4 122 | 123 — | 145 | 140 | 121 139 — | 160 — 136
5 132 | 127 — | 155 | 150 | 126 | 145 — | 169 — 14.3
6 141 | 135 — | 165 | 161 129 | 152 — | 180 — 15.2
7 150 | 140 — | 172 | 169 | 135 | 161 — | 191 - 16.0
8 159 | 152 — | 180 | 176 | 139 | 169 — | 201 - 16.8
9 165 | 160 — | 190 | 185 | 142 | 175 — | 108 — 175
10 171 | 160 — | 195 | 197 | 145 179 — | 212 — 18.0
11 75 | 175 — | 192 | 202 | 148 | 181 — | 215 — 184
12 182 | 180 — | 195 | 215 | 151 | 186 — | 215 — | 189
13 189 | 183 — | 198 | 219 | 151 189 — | 215 — 192
14 191 | 190 — | 212 | 221 157 19.0 — | 212 - 19.6

& X OB | 191 | 200 — o4 | o221 | 157 | 190 — | 212 — 20.0

Pl b oiER o aFITFEEE —BERICOREE,

F5-2@BILTDb)DTELNLS,
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#5206 WU AKEASNLYE (W

B 6 A 7 A 8 A
WUl ealwa|rsa|less|ca|ma|ralvry | ca|lna|Fa|rs
2 ok M 9.7 9.7 9.8 9.7 97 — 981 98 9.8 9.9 — | 99

0 114 11.2 10.9 11.2 11.2 — 10.7 11.0 10.6 11.2 — 109

1 12.1 12.0 12.6 12.2 125 — 12.3 124 11.4 12.7 -~ 12.1

2 12.8 12.6 13.5 13.0 13.4 — 125 13.0 11.9 13.1 — 12,5

3 13.2 | 132 | 141 | 135 14.4 — | 129 | 137 12.2 | 137 — 1 130

4 13.7 | 137 | 147 | 140 15.1. — | 136 | 144 126 | 143 — | 135

5 14.1 14.1 15.3 14.5 15.8 —_— 144 15.1 13.3 149 — 14.1

6 14.4 145 15.8 -14.9 16.4 — 15.0 15.7 13.8 15.4 — 14.6

7 14.9 15.0 16.3 15.4 16.7 — 156 16.2 14.6 16.0 — 15.3

8 15.2 15.2 16.6 15.7 17.0 — 16.0 16.5 15.0 16.4 — 15.7

9 15.6 155 17.0 16.0 17.3 — 16.6 17.0 15.4 16.7 — 16.1

10 157 15.7 17.2 16.2 17.5 — 16.7 17.1 16.1 17.1 — 16.6
11 159 15.8 175 16.4 17.8 — 17.3 17.6 16.2 17.4 — 16.8
12 16.0 15.9 17.7 16.5 18.0 — 17.7 17.9 16.6 17.7 — 17.2
13 16.1 16.0 17.9 16.7 18.2 — 18.0 18.1 170 18.1 — 176
14 16.5 16.1 18.1 16.9 18.4 — 18.0 18.2 16.9 18.0 — 175
K B — — — — — — 18.2 18.2 17.8 18.0 — 17.5
K 1 — — 22.8 22.8 25.5 — 25.6 25.6 227 — — 22.7
Z 2 — — 233 23.3 26.4 — 26.1 26.3 235 — — 235

3 — — | 240 | 240 26.1 — | 256 | 264 237 — — | 237
m 4 — —_ 237 237 25.5 — 25.4 255 240 — — 240

5 — — 23.2 23.2 255 — 2579 25.6 24.4 — — 24.4

®5—2(0b) BWKEAHNTYH (148

ﬁ?ﬁ 6 A 7 A 8 A
o “ﬁJ:ﬁJ\uhfm Ta|ty | LaAa|ldhg| FTa|Ly | La|bag| FTa £y
2 ok M 9.7 9.8 9.8 9.7 0.8 9.9 9.9 99 9.7 9.8 — 9.8

0 11.6 10.6 124 115 11.6 11.1 11.0 11.2 10.3 10.3 — 10.3

1 12.5 117 14.2 12.5 12.8 14.0 12.0 12.9 11.3 11.7 — 115

2 13.6 127 151 13.8 14.1 14.5 13.4 14.0 11.7 12.3 — 12.0

3 14.3 133 159 14.5 14.9 154 14.1 14.8 12.3 13.0 — 12.6

4 150 | 140 | 168 | 153 161 | 166 | 148 | 158 125 | 136 — 1 131

5 15.6 147 17.8 16.0 16.8 18.0 15.8 16.9 13.2 14.3 — 13.8

7 16.3 154 18.7 16.7 17.7 19.6 16.8 18.0 13.7 15.2 — 14.5

7 17.2 16.0 195 17.6 18.5 20.7 17.6 18.9 14.5 16.0 — 15.3

8 17.7 16.7 20.3 18.2 19.0 21.7 184 19.7 15.5 16.8 — 16.2

0 18.3 17.1 212 18.9 19.7 22.5 19.2 20.5 16.2 17.5 -— 16.9

10 18.8 17.7 21.8 19.4 20.3 231 20.0 21.1 16.8 18.0 — 17.4

11 19.2 18.2 221 19.8 20.8 23.3 20.2 21.4 17.1 184 — 17.8

12 19.4 18.4 224 20.1 21.0 234 20.6 21.7 17.8 189 — 18.4

13 196 | 186 | 226 | 202 215 | 234 | 209 | 219 183 | 19.2 — | 188

14 197 | 186 | 226 | 203 217 | 233 | 2111 220 183 | 196 — | 190

& K B — — — — — — ! 210 — 187 20.0 — | 194
%l 1 — — 1 247 | 247 285 | 298 | 267 | 283 239 — — | 239
’ 2 — — | 259 | 259 273 | 308 | 291 | 291 248 — — | 248

3 — — | 266 | 266 289 | 304 | 2731 289 22,0 — — | 220
w4 — — | 2621 262 286 | 316 | 271 | 291 21.8 — — | 218

5 — — | 215 | 275 291 | 309 | 273 | 291 25.4 — — | 254

COERPHBDFIGM A 10 K & 14 BT 5310 T KEICH T 5 KEERENIRS-2ICRTBO T
KRUL7c b OBR5-1(a) BXU (b) TH B, 148 b5,
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VI. BKio®BiH>

CCZTHNBEDOREZE, RBOFHEOMET
PbH, EHFHLOLEKINIAKTHEEITCTHE
1°CEEDH DT, Az ins Mich
BHEARZJICROINTEH#RING,

BIHE LTEZLNDZEOD ) bEHE
LD

1) KB, ZBBITREDL S DIERH

@) Kl 5 HRE A b O Z
i ik@ﬁ%ﬁtio&()%@’é&fﬂ o B
?{H%c‘:i@j\xhb)b@ﬁﬁ%%& iard o, %
B EROFH OB L LR OKEK[DKME O 4
W Licarons,

NI L TARP S R EE LTk
H R, HEH, KEIKERIOBIFNITERA
DBIEE, BAPI LT s BE607EFE D KLE
Hr R SAEL T O & I EL S OO S
EMNELOND,

1. BHBORXZ

EHE R RAKBLDDOREICE>TERIZA4
ThES% bz, RERSEFHORBIRKERL
29% &3 HE 080T, ¢ T v (i Boltzmann 5F
T

6=1.36%X10"" cal-cm~?+sec™! (°K)~*

THY TV RKOBIABEETH S, —FHFREH»PS
Th&OEKEESIE Brunt It X ) KHFIEEAE 2
% &3

0.98 ¢ T% (0.52+0.0654/1.333 ¢)

LW TREZOMMEETH D, el IKESE
FI(mmHg) Ths, g T'=T L{FETHIEK

DREWN

FO6—1 Rox10* Dff (cal/cm?-sec)

Temp. e (mm Hg)
€C) 5 10 15 20 25
10 26.7 21.0 16.2[ 12.3 9.0
15 28.6 224 174 13.2 9.6
20 30.7 24.1 18.7 14.3 10.3
25 32.8 25.8 20.0 15.3 11.1
30 35.0 275 214 16.3 11.8

H 2 O WIS R K3
R,=0.98 ¢ T* {0.48—0.06541.333 ¢} (6. 1)

6.1) Rick 3 R, DEIRFE6-1 BLXTUK6-1 IKR
TELIRS,

361 1
Ro ‘ 70.
34| (cal/cn’se0 /

32 —
61'\’
30 ¢

28 // //

26

24 e

22

20 5

/8

76

/4
72

70

&
4 /i 20 30
&, (°c)
B6—1 HEHFoKKEL DD
WEOMmx (HE2%)

EPHDBEITITOKEH» S Qﬁﬁk%;ﬁ AN
X1 B, ORI Angstrom 1ChE 713
R;=R, 1—K-w) (6.2)

CCCwMTE”,Kﬁ§%K£5%ﬁT%6O

®6—2 FEKOHE

= bi2 ! =3 K
wmaETREZ Ac, Se, Ns, S; 0.76
iz R =S4 A, A, Cs 0.52
#ow B = Cs 0.26




2. BREBXDOZH

1) BHCLIRH

KEDBERIVEVE XCEIKBRIZOLED
BEPIToBEMNE L, KR TREMP - TK
ELROoBBEKAEIKESAL B, ZH, NFdchz
EHROHEEZLT, WADERFOAXEFALT
W5, ‘

E= {0.298+0.925 v (”—l>’f} (O — O0)
v
(6.3)
_1
E = {0298+0086 v <"U_Z“> 3} (pu,max'_pv)
(6. 4)
E:@wwﬂmm(ﬂyﬁwmm—m
(6.5)

Kb E @ #EFEOMEE T [gr/em® sec), v ZBEHET
[em/secl, [Zem]@RICH - S, v 3%
SDHRARET lem’fsec, T o KA
HTBUAL /WA TH D, Pomex BET 6,1 Z
NENKEBIHT 2ERARLGEE L ELTORK
ET, &biC lgr/em’] THE, WH (6.3) R
log (—%l—><4.75 D& x, log (—"jﬁ) 475 DL E
i (6.4) Rick v, KEICKEIDE =@ 6.5)
Rick s, tEZRERE t=200C & i
y=0.150 (cm?/sec), & [=1500cm & Fhid,
Reynolds number DXIED 475 L1825 7HIT
13 E# i v=>5.62(cm/sec) TH 5 , HEZD HH I T
NEDEBZPICKEODLS EEDHAICE (6.4)
HF 713 6.5 REHA O NEF I END T LTI
35, OEIC ;

E=k (pw—pd) (6. 6)

LB & & kA KFES SRS (vapour transfer
coefficient) & I 32, T C1C po B & U pu B ZNE
KRR IC s 3 AESRKRIR T3 K S
DORESETITHY, bl mmHg TEHLIE
512 k o dimension i% [gr/cm®-sec-mm Hg] T4
oMb, o THERICE > THETRYD, B
RIEERIY D D #EE OEEK R '

aQ . . _
“a' =L-E=L-k (pw Pu) (6 7)

53

L1 d, ot Lizsfbae L=>596 [cal/gr] T
b5, '

(2) EELbhORIEE

e B /K O BAGT IR 1 AL IFRTIC A B 2R
H {cal/cm?®-sec] {Z

H- 92

th(ﬂa—-ﬂ) (6.8)

THADBNG, CTICH RERDIERE, 0 V& K
DEETH Y, bt B EGRE (heat transfer coef-
ficient) T [cal/cm®-sec-°C] ¢ dicmension %79
B, BOE¥%EERT - IEKOEAR Pohlha
usen KX NIFELKCEULLEE L 5,
E=0.0285v R, "0y .mmax —0u) =k (pos—1Pa)
U B I lERK RS & KBS ARRIE O
T, REOX I IKHFHICE E AR LEE
RT,
% 6—3 FIFUKEREE & KELBKREN

i i3 HAAKESEE | KEKREKES
°C) (gr/cm?®) (mm Hg)

0 4.85x10-¢ 4.57

10 940X # 9.14

20 17.29% n 17.36

30 30.37Xx 31.51

BE - TEFHITR

0= pXx107° (6.9)

W Z AT
E=0.0285 v {cm/sec] X R;**Xx107°

e _
[ cm®-mm Hg ] X (pe—pa) [mm Hg])

iy

E=0.0285 v R;**%x 10~° [gr/cm®-sec-mm Hg}
6. 10)

—HELKE D DOEYEZEIC DN TR
g=0.0285 0+ ¢ - RS2 (ty— 1) = h (to—1,)
e BEKOEE T I15°C Tk

0=71.226 x 10~* {[gr/cm’}
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C REKDOERE LT 16°C TR
cp=23.99%107? [cal/gr-°C]
Wz T 15°C o & &

h=0.0285%1.226x10"*
X23.99%107%v R;°* (6.11)

(6.10) RB L (6.11) & & b

h/k=1.226% 23.99 X (10~%/10-)
=294.1 [cal -mmHg/gr:°C]
. Li{cal/gr]
7 21°C/mmHg]
(10.5) i (10.9 XoPEHEAEANS &

E={0.29840.042 v R;**}po—pe) X 10~

6.12)

=k (po—pd = 2L (pu—pa)

kb
_ k-L _ —0.2
h——2~——{0.298+0.042vRe }
xlO-sx—IZ‘— ' (6.13)

i 20°C 1234 LT g »=0.150 [em?/sec]

h= (0 888-+0.08654 7 >><10 ‘
[cal/cm®-sec-°C] (6. 14)

7K & 15°C T3 v=0.146 [cm?/sec]

h— <o 888-+0.08518,% ) %10~
[cal/cm®+sec-°C] (6. 15)

WEG. BRI ->ToBLT IO T %3k
PNEEHAD LIS,

£6—4 vEBIUVIZDLTOAXIN of (15°C)

v (cm/sec) ]

\ 50 100 200 400 600 800 1000
[ (cm) .

100 1.663 2.238 3.239 4.981 6.549 8.013 9.406
500 1.450 1.866 2592 3.854 4.991 6.052 7.062
1000 1.377 1.740 2.371 3.470 4.460 5.384 6.263
2000 1.314 1.630 2.179 3.136 3.997 4.802 5.567
5000 1.243 1.505 1.963 2760 3.477 4147 4782
10000 1.197 1425 1.824 2517 3.142 3.725 4279
30000 1.136 1.319 1.639 2.196 2.697 3.165 3.610

Frh A OHALZ [cal/ecm?®-sec-°C] TH 3, X5
WINEHER LB DI 6-2TH 3,

hui'( cal/ cm? sec-*c)

E

&

4

T~
) \

il

i
HAH

117

]
— -

1

(]
1

-

A O Y 2

0 2 34 6 8100 2 34 & 8/ 2 2
. ) ——— Ao RE ()

R6—2 ¢=15°Cick1 3 hx10¢
[cal/cm?.sec-°C] o

DEICHELZ DHh~DOBRDORE RS B4, T

U KE SR & D RN E ST K3 8E R0,
B IR S LR I B 78 i sl i i B R &
N3, BEORKBOEHE, HRxosEKENT
ErhDd ER3HMhBLUAELOBEZFTAKE
DSHUBMHIE DL BC5 5T, 12 U THib~ D #
EEBRTROLNEDT, REPOAHTEFHED
ﬁ%mﬁcm5§®&imbﬂmw@f#ﬁﬂb
EWT A EET B,

(3) KBDERE

BAMOES % d(em) &9 5, Lem® OKEFE

DAKFHEILDNTIBYKYDZFEEEL D LR
JRILT B, 7272 LA ~OBINKIZ iR T 5,

codﬂ_R+H+L E (6. 16)



Hrh

¢: KD H# [cal/gr-°C]

0: 7J(0)%L‘Jﬁi[gr/cm3]

d: K ZE [cm]

o Brzlics g 5k [°C

R=R,—R;: HEEH L REREHE O
FILE BB OB [cal/em® sec)

H: 7855 DZHDOHRE [cal/em®-sec]
E: KEKID BT 2 ZEOMES

[cal/cm®-sec]

6.7) R BRICETEEATH L L0 EFEI
st LT

L E=k(pa—puw) L=2h(pa—pw)  (6.17)

(6.17) LB LT (6.8) % (6.16) RICRA TN

defﬁ:R+hw—wH2h@apw

(6.18)

LTI Oa: KB, pa: TDEEDKEKESTH
BIHEEHORALIDORD SN D, po lT K RE
ICRT BRAKERENTHS, hidR6-2 XY

kdohd, 2EIC
pPw=all+b (6.19)

BEUTEHOERET S, a, b BRR O &84
DOKE O, ITHT B BRRAXIERIC BICEH

THRicHET 5, (6.19) :E (6.18) KicAn
B
4y A0-B (6. 20)
zcic
3
A=l 1400
C? 6. 21)

6.20) XRo—f@pRic t=0 DL EDKEAE 0, LB
B3iE

_B B\, a
(?—A+<(90—A>e

BB, 40 KO EHFRE S T

(6.22)

55

e"") | (6. 23)

——t)=(5-—0,)(1-

B sz ommmmicsor b0 ELE
*OFELS BRKEE TH->TEC HKELIF

U, DI le TEDLTTELET B,

VIL S50kt R G & OLEek

BIEED C &L SKEE SDTZBBHE KR
1156 m?, #hiAE#E 1100m® T DiEE I3 2EE 1.5m
ObOMBAFREEIC X > TENLIIE S m DIFY
Lickigicath, #hoBlfeEsici>T 14
B AfED 5mX5m 3 DD/MKBEOERL T
%, KEWE d=20cm ThH b, VWEER -1 OHH
KB DOV TEBICKRD FENERE S &0
FE—RTAPEDODOTHILTALD, EPLI
3Kk LER, RI4LARTH C-L BLY
C-R @ahzfdhikBho &8 X OHMOHE
FrDKIBEDEATH D, KWBIHABEITE T BKE
i #,=9.7°C Tdh -1,

F£7-1 WF3646 848 14 KRENE
(00=9.7°C)

EEEFE' [ R |IC-R|C.L| L |&z g H

=

(m) Je-10.~4 (6°C)
5 10.150| 11.5| 11.8] 11.5| 11.2| 46.0| 115
125] 0.375| 125 12.7] 123| 12.2| 49.7| 124
17.5| 0525 13.9| 135| 139| 13.9]| 55.2] 13.8
2251 0.675| 145 145| 146| 146| 58.2| 146
275! 0825 155| 157 156| 155 62.3| 156
3250 0975| 160| 162| 16.9| 16.7| 65.8| 165
375 1.125| 176| 175]| 17.8| 17.7| 70.6| 17.7
425! 1275] 189 187| 185| 18.1| 74.2| 186
47.5| 1.425| 187| 189 19.0| 19.0| 75.6| 189
525| 1.575| 19.2| 19.6| 19.5| 19.7| 78.0| 195
575 1.725| 205| 2021 200( 200/ 80.7| 202
62.5| 1.875] 20.6] 205| 20.1| 20.2| 81.4] 204
67.5| 2.025| 21.0| 208! 20.5| 20.8| 83.1| 20.8
725 2.175| 21.0| 20.8| 20.6| 20.8] 83.2| 20.8
775 2.325| 20.9| 20.8] 20.8| 20.9| 83.4] 209
8002400 —| —| —| —| — 10

Z,
o

WK N R W NN = O

e e e e
G AR W NN = O

KIBIEREIZAY 74 21D 82m H 55, Sl
A EAERICEBZ ML TV AR THE
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BEHOEEDCETOFNEI DK TH D oEM
EEEE LTES10m EELRL, o TRER
2 80m &%, TOHDZY 74 A0 OFH
B2 0=046 (m*/min) TH o7z, AV 74 2
DEEFEERA G Th ot tc DT DED» 6 O
I X 2 RAMED LNIZDT Q=060 (m*/min)
=0.01 (m*sec) & {KFET 2 & MK DR R
tRIRAKIBEES L, EHEES v, KERE B,
KEAdE LT
t=Ljv=A-L/Q=B-d-L/Q=15X%0.2
% 80/0.01=2.4 X 10* (sec)

FTHbLLER6 R0 SBETHS,
1. =ZFE, KBOHFERICKBHE

WEHDMHBRERLARED LHXLD 12K BXU
4 BOBBROBEDTH D,

#7200 & R F #

e 53
Ao ln | zw | um | v on
% @ (0 26.9 266 | 0a=268
B (mjsec) | SSE 82 | SSE 85| wv= 84
2 (%EZE) |E&10 >9H Eib=
& % (0 15.4 147
t—t °C) 115 11.9
e (mmHg) 6.67 6.08 |le=6.4(mmHg)
®7-2(b) H b-5)
11h~12h | 12h~14h ' 13h~14h
71 65 } 58

NIV BHOEEER>EDOL IS,
(71+65+58)/(3 % 60 X 60)=180x 10~*
[cal/cm’®-sec]
(1) SHEEAHBOFEED 5% HEHICX-
ThELNEZLDERET 2 E

INAL v

R,=180%x10"*x0.95=171x10~*

[cal/cm?-sec]
2) EWHE/KEES R
K¥#ELET] e=6.4[mmHg], #,=26.8[°C]
6.1) X, FHEM6-1LD

R,=0.98x1.36x 102 % (299.8)*
% (0.48 —0.065¢1.333 X 6.4)
=31.2x10"* [cal/cm®-sec]

ERRC THHMELFEE-2 XD K=052, EI
10 TH2H»5 6.2)&KD

R;=312x10"*x(1—052%x1)=15x10"*
[cal/cm?®+sec]
R=R,—R;=(171—15)x10"*=156x10"*
[cal/cm?®-sec]
B) EHaBLUbOUE
(6.19) MO EICHE > THBDOKIE 6,=97°C
L &R 0,=268°C L ORORAKERENZE
A D,
0,=9.7°C, puw=8.96 [mmHg]
§=26.8°C, p.=26.16 [mmHg]

COMOBMEERELTa, bEEDOIZ
a=1.006 [mmHg/°C], &= —0.80 [mmHg]

(4) BAERERRE R OUTE

JB#l ©v=855(m/sec), KEgAMWEWR 15m T
H5h, BRRHETHYON TS5 5m &H
—TH5b, BRMIEEETHEH,D

1=50%sec (22.5%=5x1.082="5.41 (m)

CABMDCD E = DR FEE S (characteristic
length) & 755,
6.15) RE I3 6-2 XD

_ (855)0.8
h={0888-+008518x {20z |

% 10-*=6.25X 10~* [cal/cm’-sec-°C]

(6) FRBEEOFHHE
6.21) K& D

4 h+20) 6.25% 10~* (142 x 1.006)
- cod 1x1%x20

=0.9412x107*[sec™]

B=— [R+h{0a+2(pa—b)}]

1
— o X
={%1%30 20‘ 156+ 6.25{ 26.8+2 (6.4+0.80)} \

X 107*=20.68 X 10~* [sec-°C]



TR LEBEROEAD LE NI AESENOFE
BEL po=6.4{mmHg} T& 3,
TS REE
o= B/ A =20.68/0.9412=22.0 (°C)
A-t=0.9412X10~*x 2.4 X 10*=2.259
BHRIREEICW A FREEIR
40=(22.0—9.7)1 —e"2*%)=12.3 X (1—0.1045g)
=11.0(°C)
0;=9.74+11.0=20.7 (°C)
chicst UTEAER 21°C Th -T, 2D ERH
Th 030°C) IBEMR, BB
40=12.3% {1—exp (—0.9412%x10~*-£)}

HZRWE->TH It LT AR, chrE
HEEEBTE2EET-30X51KE 5,

RT3 B HO KB
te10—4 0 (°C)

e | T Y e E
0 0 ol o] 97| 97 0
0.3 0.282 0.2457 | 3.04 | 127 | 121 | + 0.6
0.6 | 0565 | 04316 | 534 | 150 | 144 | + 06
09 | 0847 | 05713 | 707 | 167 | 160 | + 07
12 | 1129 | 06766 | 838 | 180 | 181 | — 0.1
15 | 1412 | 0.7564 | 9.36 | 19.0 | 19.2 | — 02
18 | 1694 | 08162 [101 | 197 | 203 | — 06
21 | 1977 | 08614 |107 | 203 | 208 | — 05
24 | 2259 | 08954 |11.1 | 207 | 210 | — 0.3

ChAERRLEDOBRI7T-2 Dl TH %, &
BHBEICHBEILKESRIOBEPEERREREIC X
BKESENOERERBEDO NV - Ty 718
FICEBHINTNEILL L CITIREBT S,

2. &5 #H &

TRBEOKXRELEE 1) OFECBNTRA
FRAE LTELONDCED—D& LTAESR
FBREICKLTE6.19 XD

Pw:ﬂd’i‘b

12 2 IR EZEFIRAIR 0 & FHTIR 0o & ORICE
WTEHG 2 LN ETH B, KEKIEKKEIR
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AR T-1 RS & 5 IS R B R ICE D & O
THap, Bto THEEN2~FCRETHNITE
PICEBLT 22 L bFINETHLIH, K
IO E L 10°C RiEd LRI 2 HEICRERE
RET B ERMMICBEE S OVNE L, LY
bk DiE L a, b s 5 R ERREOS
BiCRECEBT2HDTH S,

P (mmHg)

1

40

20

10

L

0o 5 Jo 15 20 25 30
— 80%c]

K71 KEKFRES

e

COBMUTREASEL, COREICEYT S
BEE KD E HEERET B LD TH-T, 5
HBLEHTACEET B, MIEE 0% PCRERE
waEL, ZORMEDa, bEED A, B ERD
Bu=BJA £k 3 &3 (A) EA—MFTH B,
B LTE.23) R&Y

40

) (7.1)
¥FELD Adt=x 2RDB &
dt=x/A (7.2)

Wk »T O=th+40 [CHYT 2R 4 BRE
L, A LTHDDPLORMIE t=24 1ck»>T
O0°C IS T ARENHRET S, DHBAHAHIEBZ
OHENDEFIOKETH S, COXIICLTHE
LTRDIBERET-A4DE S -7, EBih po
FZ2OEEHT 5 KEREXREN] ImmHg] T
bb, a biF(6.19) N0 FEH A Bk (6.21) K
WE->TRDILETH 5,
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RT4 HHHE KX ZEHFHAME
75\\\‘NQ 1 2 3 4 5 6 7

E—

8 (°C) 9.7 12 14 16 18 20 91

0 C) 12 14 16 18 20 21 215

b [mmHg] 8.96 10.43 11.88 13.51 15.33 17.36 1847

y 1043 11.88 1351 1533 |« 1736 18.47 19.04

a [mmHg/°C] 0,639 0.725 0.815 0.910 1015 1.110 1.140

b [mmHg] 276 173 047 | — 105 | — 294 | — 48 | — 547

AX10* [sec1] 0.712 0.766 0.822 0.881 0.947 1.006 1025

BX10* [*C/sec] 1855 19.20 19.98 20.93 22,12 23.32 9370

fos 26.06 25.07 2431 2375 23.36 23.17 23.12

A-at 0.1515 0.1661 0.2157 0.2985 0.4670 0.3791 0.2690

4t [secl 2280 2168 2624 3387 4932 3767 2624

¢ [min] 387007 087 | W7E27 | 1197 | 239517 | 3197187 | 363027

COFEMERT-2 @M TR LA, HEIC
RUCTHUBEAEL ORBKHETARATEREY
FHLLEhot, BBEAREZBEAEICHLT
0.8°C &< e,

_ B Onrzare

g 24 - .
v [ Lo gtk o
24 =
B s —_——d e
- JERKBE =22 ||
L L T
.20 ~ -
i B =
’ L
76 //‘/i
— ,6/' —oe— WA —
74 B —e—— ZRKBR | |
/ o —— AR
= ] —a— A ¥ K N
173
70 /
s
o ’e 20 30 “© 50 80 70 & Bk
o
¢ 2.3 2.6 29 ’2 ’5 ’8 2/ 24x/0%8)
o £ r68 750 24 250 300 350 aw (4)

BI7—2 KB HRE & HEH

(R 36 42 6 F 4 B 14 BB 7)
3. EEORERE
FHEUAR DX CHERT2BRTREELZR A
THl, =5, KiBOFRZBH, SR, BE,
BE, ¥, FELSOLKKEZIDERBICER
Led DT, ZDEAKMEBEZLNILAREMHEK

HMLTC, ERAKBEETFHTIDOICERIOSDT
b5,

L L1250, H2BBEORKMOB/E L,
TR & ABERREOBENE TS, ¥EFERED
HETZOMOKRIRELHA L EBTEED
SR EVIBENENEED, TOXINLE X,
ZNo OKBEAMED S HEET S EE o 23K
HDEZEBTENE, ZOBAMOEHEL Y &
DDRBAEDHLCENTES, TRHLLEZDE
KB EESETE2E0, BT EBED, 52
W —BRRNEZRIIENT, BRES VR
KIBAIH - TRKEBBEDICH TN END
S ki, FTLBBERORES, BX, BE,
¥ EWLABREOTE, HRAFORAMBGE
EXMTHIERZRILSZ200, 20K8BHRICKH
TAEELDOHUFRFE TSR OVD, &kgyis s
e HcH T A ENEOHESRE T FE
ETBLENTEBETHAD, TLTEZODLIN
AT 2 —NBEE LTCORBELEET
5HDTH D, : ;

BUEE L TR IPBRACBOTHAL LS
BTN T B SRS DOFEHEKIBERDZ L, ol
SRWAL PO OW FTREOBEKEEZEZ 2L
T& 5, .

Ko FFRECE LT EAR (6. 22) X aspkar
THCEERRET S,



0="00—(0u—0,) e

WE =0 20O ¢ F TR RS O EEZE

FE9nid
. Ba—i,
F_&ddp4ut L=t
LicdisT
Fy=fut,= L= 00 (1 o)
=dmtl—%(l_e*All)
F, 1—e 44
T =Oa— (0= 0= —
=dm_(0m_,,o)kﬂ
Zic
x,=At,
X5 ic—ic
0= (1
EBFIE
F 0,—0.(1—0)
Ek: i
F

t—z—-ﬂo@:ﬂm (1—0,)

2

@, @mA&LY

(7.3)

(a)

(b)

()

(d)

(e)

®

(g)

RT5 0-—(l—c%) Off

x e % 1—e—= 0

0.0 1.0000 1.000
0.2 0.8187 0.1813 0.907
0.4 0.6703 0.3297 0.824
0.6 0.5488 0.4512 0.752
0.8 0.4493 0.5507 0.688
1.0 0.3679 0.6321 0.632
1.2 0.3012 0.6988 0.582
1.6 0.2019 0.7981 0.499
20 0.1353 0.8647 0.432
2.4 0.0907 0.9093 0.379
3.0 0.0498 0.9502 0.317
3.5 0.0302 . 0.9698 0.277
4.0 0.0183 0.9817 0.245

Fy/t,— 6,9, _

Fl/tx—dow1 B

FR e

Vo=

Fyjt,—6,0, _ F/t,—0,0,

1-0,

1-—

0, (7.5)

BT x=At IOV TODEEFETNEETS
DL B,
xIZHLTODEAKRLDDOMBHT7T-3TH

Z)c

/.0

0.9

2.8

2.7

2.6

0.5

0.4

2.3

0.2

=Ly
E‘i(/

™

/9

K73 0=

x

2.0

30 20
x=At

(1—e=%) o ff

FlO0A2ALLtEXDVTRDBNITET6D

X2TE 5,

1
x®z7T—6 0= m(l“e_Al) D{HE

N 051 06| 07| 081 09| 10
0.5 0.884] 0.864| 0.844| 0.824| 0.806 | 0.788
1.0 07871 0.752| 0.719| 0.688 | 0.659 | 0.632
1.2 0.752| 0.713| 0.677| 0.642| 0.612| 0583
15 0.703| 0.659| 0.619| 0.583| 0.549| 0518
2.0 0.632| 0.583| 0.538| 0.499| 0.464| 0.433
24 0.582| 0.530| 0.484| 0.445| 0.410| 0.379
30 0.518| 0.464| 0.418| 0.379| 0.345| 0.317
40 0432} 0.379] 0.336| 0.300| 0.270| 0.246
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%36 AR LI bOMNRT-4TH 5,

/-0 — ]
0.9 —
;\\ {=a.5 N
H e |
0.8 \ V”
N\ ‘. ]
07 %/p,,
: /'é*/dg\ :
R \ /_\5}/ \\
0.6 2% ~_]
X\ - \ :
2.5 AN e \
| \ = x
04 \ @04‘1”\ 7
: \ 70"’/4, \—
2.3
- I~
0.2 — ]
25 2.6 2.7 2.8 0.9 V4

— A-0¥(sec’)

T m=%(1—e—f‘“) D

EHITBNT 6,=1.2X10*(sec), £,=2.4%X10*
(sec)Z ENE FOBRET-TODX ST S,

®7—7 F=S6dt

X m| ¢ A610-4 | 9424104 B B}
°C)
0— 1| 107 0.15 1.605 1.605x 10+
1— 2 | 119 0.225 2.678 4.283% 1
2— 3| 131 0.15 1.965 6.248%
3— 4| 142 0.15 2,130 8.378% »
4— 5| 151 0.15 2265 | 10.643x n
5— 6 | 160 0.15 2.400 | 13.043% #
T6—7 | 171 0.15 2565 | 15.608x »
7— 8 | 182 0.15 2730 | 18.338x 104
8— 9| 188 0.15 2.820 | 21.158%
9—10 | 192 0.15 2.880 | 24.038% #
10--11 | 198 0.15 2970 | 27.008x »
11—12 | 203 0.15 3.045 | 30.053% #
12—13 | 206 0.15 3.000 | 33.143x #
13—14 | 207 0.15 3105 | 36.248x #
14—15 | 20.8 0.15 3120 | 39.368X »
15—16 | 209 | 0075 1.568 | 40.936% »
ZDEMDS

F,=15.608+18.0%x0.075=16.96 X 10* [°C - sec]
F,=40.94%x10* [°C-sec]
F,/t,=16.96/1.2=14.13 [°C]
Fy/t,=40.94/2.4=17.06 1°C}

#,=9.7 1°C]j

NE AX10=05~0.6 OEFAIC DI T o 2T
AEET-BDLHICIEAB,

=78 oo D il
T _A-10¢ 0.5 0.6 0.56 0.547
221074 o e 0 foo ] feo @ feo
1.2 0.752 27.58 0.7129 25,13 0.7281 25,99 0.7333 26.32
24 0.582 27.21 0.5299 25.36 0.5500 26.06 0.5567 26.30
0o D ZE — + 0.37 — —0.23 — — 0.07 — + 0.02
ChERECTay b1 o OBEVIZE (7.5) K& Y
_ A FAY 3 T va
TEDBISKBD, o D0 K0 UBHEL g 17.06—9.7x 05552
H A-10'=055 %5 3, == 1—-0.5552

z,=A-1,=055Xx24=132, ¢~ =0.267135

~0.73286

1—e==073286, O,=—1.>

=0.5552

¢,0,=5.39

=11.67/0.4448=26.2 [°C]
A0 = —6,)(1 — e 4)=16.5{1 —exp(—0.552)}
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" 18.0 37.8 0.550
B E B B oKk oM R 17 2~5 20.0 40.24 — 1,836
" 18.7 26.71 0.016
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BEEFA A Y
s ko, 1 [cal/gr-°C]
: kogE, 1 [gr/em?®]
s B fe#, 596 [cal/gr]

: Boltzmann &%, 1.36x10°**
[cal/cm?.sec-(°K)*]

a N w o

T, TV: zn ZhZE4E X CKOENERE [K)
Py.max : ZKEKSS? % %j(lk.%ﬁﬁ

[gr/em?]
oy ZESh o K#ERR  [gr/iem’]
b %% (Heat transfer coeff.)
[cal/cm?.sec-°C]
E: KELE 2R (Vapour transfer coeff.)
[cal/cm?-sec-mmHg]
: EFEOEE  [gr/cm?esec]
@ #E  [cm/sec]
[cm?/sec]
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: o KEE  |em]
: Bl y skE [PC)
Oa: % bid [OC]
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6o: RL»oxE [°C]
t: B R [sec]

[mmHg]
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Report on the Construction of the Pump plant for Irrigation Water
and Water-Warming Pond in the Experimental Field of
the Faculty of Agriculture, Hokkaido University.

S. GONDAIRA, S. YAMAMOTO and Y. UMEDA

Summary

The planted area of the rice field belonging to the Experimental Station of the Faculty of
Agriculture was 24,000 square meters as of 1961. Up to 1960, irrigation water was obtained by
pumping up from a small tiver, the Kénai River. But with the rapid increase in city development
and construction, water for private use had to be supplied from deep wells, and the development
of the city sewage system lowered the ground water level to the point where the water source
of the Kénai River dried up. Moreover, because of pollution and lack of water, it became
impossible to get water from the Kénai River for the irrigation of rice field.

Under these circumstances, there was no way to obtain water for irrigation by pumping it
up from a new deep well. Based on the fact that the constant water supply, which amounts
for 1 m*/min., would be sufficient for the irrigation of this field, the authors made the plan
mentioned below. First, a well with a capacity of 2 m*/min was dug, so that we could secure
enough water even under the worst circumstances. It followed that the well would be 40 m X
250 mm. In connection with this, a waterproof motor pump with the following characteristics—
diameter, 100 mm ; disharge of 1.4m’/min; water head of 20 meters; 2,900 rpm and 75 kw,
was desirable. This was installed by the authors.

It might be supposed that the larger the area of the surface of water in a reservoir tank,
the longer the off-phase of the pump in its operation. This intermittent operation was succes-
sfully carried out by the use of a special electric relay, which was automatically applied for
controlling the surface of water in the tank. Thus it was possible to save a considerable amount
of the electric power.

In order to estimate the off-phase of the pumping operation, the authors proposed several
equations, which were related to the surface area of the tank, the shape and the size of its orifices,
the upper and lower water level, the mean discharge and the discharge delived by the pump.

The temperature of water just after it was pumped up from the well was always about 9.7°C.
As this was too low as a temperature for water for rice plants, it was necessary to construct
a water-warming pond in order to raise the water temperature. The entire surface of the pond
must be used fully and effectively. In order to achieve this, water must flow uniformly in all
the channels of the pond and must not flow on one side only and also must not make any
circulation of flow, that is, there must be no field of dead water. To get a uniform flow arti-
ficially and forcibly, it was necessary that the width and depth of the channels be not too large.
Moreover, fall equipment, shaped like a ladder was designed and placed at regular intervals to
get uniformity of a stream by overflowing on weirs.

The pond which had the width of 15 meters as a whole was separated into three channels
with two partitions. Each channel had width of 5 meters and formed the small water fields of
5 meters square by step works and the separation walls. Thereby, 14 falls were made in a total
length of 70 meters. Besides this, between the reservoir tank and water-warming pond, three



connecting channels whose width were gradually changed and connected to the regular channels
were constructed. The depth of water in the pond was 20 cm.
Specifications which include the following items were throughly prepared prior to the
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execution of the plan. They were the earth works, the concrete works, the well boring and’

the installation of its accessories.

From June to August of 1961, twice a day, the authors observed the water temperature at
the various points of the pond. The time of the observation was 10 a.m. and 2 p.m. daily.
Data are as shown in table-5 (a) and 5 (b). From these data it is apparent that, in the average,
the temperature rise at 10 a. m. is approximately from 7°C to 8°C, while it reaches nearly 10°C
at 2 p.m.

Mihara and Onuma had proposed a theory, which was useful for solving she problems,
through the given meteorological conditions. By this solutions, the authors computed water
temperatures at various points of the pond, under the meteorological data at 2 p. m. of June 4th.
Through the data on the ccmputed and the observed temperaturc, they ascertained the validity
of this theoretical method.

One of the authors, Yamamoto, proposed another analytical method. Based on this method
and through the observed water temperature, we were able to estimate the so-called “equilibrium
temperature” of the pond. This method was useful in evaluating the efficiency of the pond in
getting warm water.

As shown in table-7.9 and fig.-7.2 the values of the computed temperature fitted fairly well
to these of the observed tenperature, it may be concluded that this method is higily reliable.

Futher, he proposed the following definition with regard to the efficiency of a pond in
a point of warming up the water in it.

Efficiency of the temperature rise of a pond

_ _water temp. at an outlet—water temp. at an inlet discharge
equil. temp.—water temp. at an inlet area of the pond

Applying this equation, he computed the efficiency on the actual ponds. They are the ponds
already constructed in many places of Hokkaido, and the pond which recently has constructed
at the Experimental Field of the Agriculture Faculty. The excellency of the later pond may be
verified by table-8.1.
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