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AZgOg ESiOg (O^^hktts : 2Khk"<i:'7j' V y^^^AZgOg 

rich-C^D,#m^t8iOgrich "C&^o#mSl30ad;;bfM&%2:E&#x.&E,
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3fc, KfS^#h L-I:mf8&^f %^fSK 6^ hz):-e^6o
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zoKHz i omm^h-Ao

7) mmimm 

WaR<o##^,GM&ti 1 0^5 GJ^TKW$tJ^^%o

(4)

###@^fKIRB$:h', Spacelab K^C^E^AsG'&K#:^^^, L:^L^8pace
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1 9 90
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\,'o <LirP)z):#tiSi^^L'T:\,'62:i'5o
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%o

1) ESRO Sp-1 0 1 , Proceedings of a Sympo sium held at Frascati, Italy .2 5 —

2 7, March ( 1974)

2) ^#, 4=7 ^ y 7^ M ( 1 2) 1067 (1976)

3) ^#, 5 (3) 1 4 ( 1 9 7 6 )

4)

2. 7. 3 AI#!(P€)#^

Li:A#imM^%^3oo oK^±/D^^## 
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2. 7. 4 3 ^ %

Space Lab^l^Sky Lab

2.8 B #

W> l ( SBfD 5 1 ^ItSfSW^i. L X{^ j) /|#^4 L/|3#ia6 L XM'L'lMl^a^rLM')pK X 6
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3.1 m #

-^v ^ x#&o$7##^ xu 3>/^, mm^K^tm^KAeK^^f %@sz 

m^Kma^mTc^mmxu^^z^^M^xvzzx, ^5K#^, 7

Lf^ x V 3 2/J\#m^(DB %-C$) 6o

Z &#7CZ 0 ^o%)TX V 3 x#^^^g(D 5 ^|#K^y""C#@&#%^fj^yZo #: 

%g!18i %#ML, ^^K^(D5^|#(DX7^7°
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2X7 ^ 7"

3 X 7 y 7°

4 X7 y 7°
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msi ^ xomm

#7V 3 >-^ W%.t % gi HClgQ^m 

8iHC I3 o#m

SiHClg ^xo^;

XU 3 X#^(Dj^g

3.2

Dx'J 3x#m(Dm@%r%D$)-o^5#—^-7^7°h, h ij 7^0x7 xZ 

o^^xu 3X(D#mKMf 6#EB^T-y7"(D#MKmA&a< ^L, ^5K±i#«%mm#xv 37^#^ 

@8%K-3^7 & 2: h L^o

3. 2. 1 ^8^2 /J\#A^ ( 98#] 5 1^6^168)

6^ hh L/:o

ii) # 1 X 7 y 7lt #/J\# A ^(D %#(0 4^ -C# % &#% #j^c L 1:

ill) m2^z^3X7v7°^#%#AKZD#%^a^##^#7Li:^'p,

If "b^L, #^7"xx7A^^],'iA:#^^^djx 1;

%rfro^o
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60
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3. 2. 2

|) #1^7y7lt5^ 19 8, 7^ 23 g, 8^ 2 7 8(D3[mK^^D^#&%:R^, SiOgK^L-Ci.o- 

2.0CO^mj^K^\'''t8i02+i.5C %)\ 8iOg + i.75 CJ^±-Ctt8i ^8iC

%&sSi

ii)

iv) ^l^Ay7'<D8i 8i %r8igN^ ^L't^af6^&^8i

f h J: Lf:o
3. 2. 3 #10 [g# 2/J\##^ ( Gg# 5 1 % 1 1 ^ 1 2 8 )

i) # 1 ^-Ty 4^T y

ii) 8i 0^#K5§L8i

HD

3. 2. 4 #11 In# 2 ( Gg# 5 2^2^ 38 )

ii) 8i (D^#KNL, *#?, ^###AK^(#LfZo

iii) #%4;%%y7"(0#^#tl#|B,

iv)
3.2. s #2

(1) m 6 (m^D s i % 5 ^ 19 8 )

i) # I^7y 7°0^^#(DX###^^U(K#^X##^mK-o^TM#Ly:o

ii) 8 iOg +1 - 2C
iii)

(2) #7tm^#^ (Gg^P51/^7^ 23 8 )
i) SiOg+XCK^^iZSi (0^f%(D^X=l.

hi: t0

(3) #8^1##^ (Gg^0 51%8^ 2 7 8 )

ii) 2m#^f hK^^-C$8$#AZ ^ ^ LfZo

iii)
(4) # 9 (Gg#0 51^12^ 22 8 )

iii) 8i o^aK^\,'tx#^#f^6^Kii:#^#Bmz')%2o zm

4 6-



3. 3. 1 ^ ^ #

<o4^kA^:c;f —#<L o , " %±-co#^fk " k (0%^ t

3.3.2

(i) 1^^#

L, 5o

4% rnKt^mA^—oatt^(D@g(Dt(D^^%^/z65^o

^(DK^%-C^6 5

—P. —^r^^/:t)# 4 7 0KWH 6%&o

T^,6 h^Wt

i) H^#8 i #<0#^

® : 4kwn/p ® Bm?#)#m*F^ : 8Hr/D

(g) : 3 2kWH/p = D (i^^w96okwH/p)

® *l#%%(J^TS.Ceh%#)^#W 0.5 0 X 0.5 0 -0.25
t t

B#$ #A$

® S Ce : Xi =
3 2kWH/p"D

2 4Hr/D x 0.2 5 2 4Hr/D x 0.2 5
5.3kW/P



® : ik)y/^, ® 8.Ce^#%,$ : 10#

® 8 . Ce : 0. 1 0 kw/nf

® 5. 3 kw/P
® 8 . Ce Xo = TT = ----------------rr =53

^ ® 0. 1 Okw/^

Z^dv^S C e® 8.Ce@#^%^ ((MT ) : 6 0 96
x8Bf/-8i

0 8i##m@# ——=88.3 %/p 
0.6 0

© + : 6 0 0/zm

® m^8i#^m# X3=#x©x(8ijtm)

= 8 8.3 X 1 0^ cm/p X 6 X 1 0^^ cmX 2. 3 3 f/cdf

= l 23.4 kg/p

ip . ce mKmLfc%0)%#pm

0 : 5 0 0 0 0 t/Y

h V ^ O 
n >/ 7 v

8 i

3 X

1.00 t

5 0 0 0 0 t /y 

y/i; zr:X

x, =?- =

Iphb X 'J 3 X * 

0. 1 7 t

8 5 00 t/y

4.2 5 X 1 06 kg/y

1.2 3 4 X 10^ kg/p

^ 'j ^

0.0 8 5 t 

4 2 5 0 t/y

3 4.4 4 0

iii)

© Ammm #2. soo^p

0 8 Ce A=#9r#P#

© 2,5 0 0 ^P
Xr =- - - - - - - - = - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - = 7 2 7 y

0 3.4 4 4^p/y

iv)

X4^ = 3 4 4,4 4 0 p/y

©'s.ce^mm^m Xs'= ?2.?y

(3)

<Ob%%o ±(D#t#:KZiT^AP#^&:^^^^Ll:123.4kg/pX 2.5 0 0 ^p= 3 0 8 5^t 0^<K#f

mmsi (8G-8i ) i) tfl^-3 6 LT^.Z$o
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h K%5o

.3.3 zc^zf-IMWa'ibC)#^

(1) B ^

##8i &r^#f6K#f%^-^^4f-oAz):@%KA#<, f%5@K%:

(2)

i) ±#mbmsi

i t^DK#f6

^SO^KWH

y^/z,!>3:^-(PW)K^fi:hf^L^, ^(O#tMKj#±LPW-<-^-C% 2 2 0 ^KWH/t 

{BL, 3 0 O/frn, 3 0 0/(m &##<L L Ao

±m—&o tO#^PW^5Cell^(D#@^6 0 96 hL,

Aimmmmsi it^«?%38o AKwn

7 kg/7?f2:^:^"C, <LfbZ 9 1 %fOS i t/^&rf;6K#T

3 8 00 KWH/kp x o.70k»/?7f = 2,6 60 KWH/77f^:6^^#ib^%o

ID —

—i o 96 WZo.i o WA^T\,^6o

0 96, ?#ic#A$& 5 0 96^f^i^. #t3z6^)$q

< 25 962:^%o (©m#m)

%^-c,

o.l 0 KW/%f x 8,7 6 0 H/Y x 0. 2 5 = 2 1 9KWH/%f" Y ^%:%o

ill) ——€)%it ........ —|3!R^^ Tre

(O—C>(0 g L "C



— [gl(%B#gTre
s . ce msi

"8 . Ce 73:6 7 7^ ^ 6 h

2,6 6 OKWH/%f
Tre = -------------------- —------= 12.15Y 73:6^^#^i%6o

2 1 9 KWH/V'Y

( iig$5#^p ) Te I %)%SW#6#.t ^tL&o

Tre =Te (/.-^-=1.0)

-^-<10 7Z6#^B#h^^T^6o

3.3.4

(i)

Corning {/Pennsylvania ^#7^ /i% — 7" 1?## & A#) "C i,' 6 Cz &&, ^^110 _h kf''CJL ± 5 o 

7 -tt# 3. i .^€i 2 7 %gK ZM3, 2 0 KWH/kgg i

&3K-T:\,'6o (2MK^^6^#'-at, ^Q%@-(r(O]:^^^-&# 2 0 0 KWH/k98i ^L't#t*L't\,^60

@KA<#73:<L^%,

f73:^^, Tre ^^20 #!0#2:%:9Te ^a^#L<73:6^h^^*L'-Cl'6o

^r^-C3|s:#-e^9[s]IEEE##j:D,

^(O^mKZK^, EFG%@^lt'tr^m#m^%23 KWH/k» hTZ^i:, CZ%A&^^4=±m^i:^ 

6o EFG&0##t, W'L,

(2)#0#%#:-eH. ^(OI^WD^^SO ^0^80 ^^EFG&12^#^^6 2:^6^A^

#^:%K%50 ^)5<M^f%^^K73:6o

fnz^'b, EFG&-at, Tre ^^^^6%2:73:0 -^^0.6(0#$^#^,

^^6o c:<Da^EFG&K)^f6^@^%#2:#x.j:5o

(2)

t #% # 1. 'o

#m<0%q<, Dow Corning %, ^0#(D^-7°KZ^l:, hP7on77 70m@^#%L/:#^7° 

n-tz%, gp^A#7p3^(D7'i/-KTy7°KZ6^:l#m#^i/-K8i

"Cl^6o ^<Dh 0 0 777-^-^^^

8i Li:\,'6^%, %0#&%):#t6:KN3, ^##^^^^-t#r^'KA<73:6$lt, ##

Km#m^6^T'-C^6o fogcJSSKZo-T:, <1. 0^#^-$^6^hK



# 3. 1 '

m B M # as m I

± B M. # # & $($5 0 96(0#^- 4%$ 8 0

1 cm 2 0 2 0

2 k» 5 6.2 9 0.0

3 „ 5.2 5.2
mimma

4 e :t " " 6 1.4 9 5.2

5 ^ # " " 5 0.6 1 6.8

6 " 1 1 2.0 1 1 2.0

7 cm/Hr 1 1.5 1 1.5

8 ^ ( Mm ) k?/Hr 8.4 8.4

9 4 0 1 6 4 3

1 0 " 1 5 0 1 5 0

1 1 # // " 3 0 3 0

1 2 L // " 6 0 6 0

1 3 5 5

1 4 4 #€)##// (lOOrnin] 2 5 2 5

1 5 ## # 4 0 4 0

1 6 m(Hr ) 7 1 1 ( 1 1.9 ) 9 5 3 ( 1 5.9 )

1 7 Hr/Y 8,0 0 0 8,0 0 0

1 8 ^/Y 6 7 5 5 0 3

1 9 " 5 4 0 4 0 2

2 0 k»/Y 3 3.1 5 6 3 8,2 7 0

2 1 1.9 7 2.6 4

2 2 6.0

2 3 ## 1 O ?)### S/ 8etY 3 6,5 4 8 2 7,2 7 2

2 4 KWH i 3 6 0 3 6 0

2 5 " 1,029 1,6 5 0

2 6 #t kWH/131± i 1,3 8 9 2,0.1 0

2 7 j kWH/kg 8i I 2 2.6 2 2 1.1 3



± m B ;% ^ # # #: 5 0 96 8 0#

2 8 $/kg 1.1 0 0.7 1

2 9 I^-”1' ( to 3 MW 0.6 8 0.6 3

3 0 0.4 9 0.3 1

3 1 2.1 3 2.7 2

3 2 # # # 2.8 4 2.2 6

^ ^ h #@t 3 3 8.2 4 6.6 3

3 4 m#8i #( MG-8i ^ 1.5 0 1.5 0

3 5 # 4 5 1 5

3 6 @$("01#^^ h $/k» 0.4 5 0.1 5

3 7 Net m## " 1.0 5 1.3 5

3 8 h-a# 9.2 9 7. 9 6

3 9 =>^H»St(ff^Gh&A)
" 1 1.1 4 9.5 5

® 8

® T^3'x=,^Hj:.%ggg|j:H=2:^5$T#2:f6Cho

5 2-



Energy Pay —back Time ^^"C^'^Tre

MK7^-^-(Dj#A&r 3 0 0^m a^ioo^m .KThT&^L-C,

3.3.5

h 2: 2fi'T:^5o @L, gEK#< , iZ;<#M

T7 V *K j5^%ERD A ( h

7"-r--? (L88A7°o^^^|x ) ogs^gG^K^x,'-::

© 5 0 0 S/KVJ^T © 5 0 0 Mv/Ym_k

(3) 2 0 1 o 96J^l±

2: V' 5#K#^^LT\,'%o

^^K)^L1:, 1 2 5.00 0 S/KV2:±#\,'o

^r(D#AK^:o'CCurrin^H#^^'TA-x0 3^ h

Mi^KZNZ, ##KmtOiooof&&:#.fd% iooo$/KV^im^2:^%

K%L, EFG&#, ^O3^h^ 2 5 0 S/KV

I'T^^TERD A(DB#^#&T^ 6 2: L-C,'6o

^ ^ L"C3^ h ^ 2: K?3:6o

ERDA<D^^@tan,

/p^@%T#<(D#M^&A^^^K#ADL, ^V'AK^ib, ^#^(DR^#%^m%ibK'-C\,'6ipU"r^6o

^K ^ 5 L^ERD

3.3.6 ERDA7°o^^7h0##

ERDA7°o 7]L^hO#gc^El3. iK^f



^ 3. I

Low Cost 
Silicon Solar

Pr0 gram 
Office

Mission 
Analysis

Military j 

Application

—S ilicon -Concptual -Functional —Battery —Device &
Material Design & Requirements Chargers Material

System Evaluation
Analysis

—S i1icon — Insolation — Subsystem — Intrusion —S tandards
Sheets Analysis Design Systems System &

—En— —System —Design —Common i —Subsystem
capsulation Design & Tradeoffs cation Van Test & Design

Tradeoffs
—Automation -Concentrator —Component —Rader —Special &

Systems Selection & Sites Government
Evaluation Appl i cat ion

-Production —Total Energy —Testing —Water —Residential
Systems Purification System

System Test & Design
HTest Analysis L-Envi ronmental '—Remote —Load & Design

& Legal & Other I slaend Central Station
Integration Studies Grid Test & Demos

Novel 
Materials & 
Devices

-Thin Film 
Silicon

-cdsnvi

-GaAs HI V

■InP

-Heterojunctions 
MIS Device

-Other Materials 
& Devices

&?) 5 t?Si 6 t Low Cost Silicon Array Project (LSSA)hOf
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El 3. 2

LSSA
Project
Manager

Quality
Assurance
And Reliability

Planning
Reporting
Documentation

Praject 
Analysis & 
Integration

ResoursesProcurement

Engineering

Technology
Design &

Large Scale 
Production 

Task

Larger Area 
Silicon Sheet 

Task

Silicon
Material

Task

Encapsulatin
Task

Automated 
Array Assembly 

Task

Technology Deve 1 opement

El 3. 3 L8 8A7'0'7]L^hg##gc^^v/^-^

Array Fabrication

Cell Manufacturing

Czochralaki 
Ingot Tech

Sheet Technology 
with Automation

Slicing

Silicon Material

Ingot/Sheet Growth

Calender Year

— 5 5—



El 3. 2 L 8 8 All, 5 0(07^7 K^X%"3i^(D#Mz)^%&r^If#ADLi:\,'

3.3.7 ±|##%m#r^#"\(DT7°o-f-(D—flj

L 8 S AO^KDow Corning %±?"^ — 7°<D%B^k-f & "^p-yij a 'yx$c.%:(^( Si From Pure Source 

Materials using Arc Furnace Processing) ” titl'S#, StSiW^^T 7 n — ^lj

(D ^<0##^

3.4 MG-Si (D^,g[p]±##^:E

8iO%

(%2
02
etc

Si

fi#=n f

'M # ^ T

I<

^ 9%

B , Al , Ca, Mg,

^^7"—

i) ....... ##.

ii) ........ 8.F4 ##&#

ill) ....... A##Cz &#

&fi6<0#%&aC"C|%mgSi h V ^ o G'77 %MSKtt,

i$/kg(0MG-8i (7f^^i/-F8i )A^ioS/Wm(D8G-8i (y-y-t^yix-rgi) 

& 3 000 t/Y %



Jl) ^#L^MG-8i Boron

CZ2., Og, HC^, HgO, Hg. 8F6#&rKf5^^^L-CP^#atf*

Heat+Si(s) + 8iF4(g)±^ 28iFg(g)

8i(s) + 8iF4(g) 1,1 5 or 2 8iFg(^ ........... (a)

2 8iFg(^ 5 0 0°C 8i(s)+8iF4(^ ........... (b)

(D#%rh6#^^JmLZ 5 hf% tO-C&%o 5 KX7°o-k^7o-^-h %rg|3. 6 K

TFfo

E]3. 5 8iF^##^< 7^

------------ 8iF4 + SiF2 -------------

MG-8i 8G-81

( Ho t Zone 1150 °C) (Cool Zone 5 0 0 °C )

-------------------- SiF4 ----------------------

g|3. 6 8iF4##&7o- .x-h

(a) 7'o 7 0 — y— h

Si02 CO C
\ i /

> 1 1 0 0 °c

2C + 8i02-^8i + 2C0 -50 0°c

8i+8iF4-)-28iF2 2SiF2-»Si+SiF4

(b) # # # @

Wet cloth Wet cloth

11501C i 
Furnace! FurnaceI I

Si DepositMG-Si

To
Ho od

-5 7-



SiF4##&lt Future Process 2iL-CEg3fL!:W5 4)C)C)-^y&WL ERDAyn^^^bOPp 

^Motorola %, ill)

loS/kgp^^L^^ , g#K 

g&< W:—o?)

^[6] 2: Ly4#^Q##^Sg K#f % %(D2:W^Z %

3. 3. 8 ± 2: *»

f%^j73:a-o##73:##(D$)6#t#*y$)6o ERDA<Dg#^fmD.

#f 6 %(DT$)6 %

c:fL6 g < ft# L "C. g#^73:#^6 [>2:

-o-d'0@%i''CfT< ##%:#:% <1 ^:#:4 K E o"C 5 o

3. 2 ERDA L8 8AyDc/^^h^%^(0—1

M. T — -? g ^ #=i ^i y — w /& 0

Semi Con — Gvade
Production
Processes

Battle Memorial Inst. 
Motorla
Union Carbide

Si from Si Cl4 Si 14

Si using SiF4 Transfer

Si from SiH4

Solar Cell — Grade 
Specifications

Monsanto Reseach Investigation of Effects of Impurities

on Solar Cell Performance

Westinghouse Elec.

l Silicon
Material

Solar Cell —Grade

Production

Dow Corning

Texas Instruments

Stanford Research
Inst-

Si from Pure Source Materials using 
Arc Furnace Processing
Si from C Reduction of Si02 
using Plasma Processing
Si by Duplex Vapor Electrochemical 
conversion of SiF4

P racesses Westinghouse Elect-

Avco Chem. Research
Labs

Si by P lasma—Arc-Heater Reduction 
of SiCl4 with Hgand alkali Metals 
as Reducng Agents
Si by Use of a Non — equilibrium 
Plasma Jet

Commercial Potential
of Processes

Lamar University Evaluate Relative Commercial 
potentials of Si — Production 
Processes developed under
Task 1
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M. 'T — "7 [E # ^ ^ ^ T — -v ^ #

2
Large Avea

Silicon
Sheet

Ribon
Growth
processes

IBM
Mobil Tyco
Motoraea
RCA
Univ of So Carolina

EFG
EFG
Laser Zone Ribbon Growth
Inverted Stepanov Growth

Web — Dendritic Growth

Sheet
Growth
Processes

General Electric

Honeywell

Rockwell

Floating Substrate 
(CVD on Liquid )

Dip — Coating 
(On Low — cost Suertrates)

CVD
(on Low -Cost Substrate)

Ingot Growth
and Cutting

Crystal
Systems

Heat Exchanger Ingot Casting 
and Multiple Wire Sawing

Ingot
Cutting

Varian
Univ of Penn

Breadknife Sawing
Hot ~ forming of Silicon

3 Encapsulation

Battle Memorial

Institute

Encapsulant Experience
and Definition of
Environment

De Bell and
Richardson

Polymeric Property 

and Aging Studies

Rockwell Acce le rated/
Abbreviated Testing

S imulation
Physics

Bonded
Integral Glass Covers

4 Array
Automated
Assambly

Motorola

RCA
Texas Instrument
Simulation

Mitre Corporation

Manufacturing

Processes Assessment

Electron — beam
Solar Cell Fabrication

Array Test Evaluation

Texas Instruments CZGrowth and watering
Improvement

Solarex Array Test Evaluation

5 Large
Scale
Production

Solar Power Corp

M7 International
Sensor Technologylnc 
Spectrolab
Solarex

Solar Array pvocurement — 15kw
" 3 "
// 8 "
" 10"
" 10".



1) ##^^-#@(51.2) P575

2) R ±

3) Lee PJIunt , "Total Energy Use in the Production of Silicon Solar 

Cells from Raw Materials to Finished Product

Record of 12 th IEEE Photovoltaic Specialists Conference , 76

4) C , G, Currin , K, S, L ing and others "Feasibility of Low Cost Silicon 

Solar Cells

5) ERDA/SE/EC( 1 1-1 )- 2 7 2 l/PR/75-3

C . D . Graham and o ther s(Un i v, of Penn.) L.D.Crosman and others 

( Dow Corning C orp ) "Research and Developnent of Low Cost Processes 

for Integrated Solar Arrays

6) NSF/RANN/SE/G 1-29729 X/PR/7 4-2

V . Kapur ( Uni v of Pennsylvania ) L P . Hunt ( Dow Corning Corp ) 

and others

Research and Development of Low Cost Processes for Integrated 

Solar Arrays

7) 3) KlFlU

3.4 )

3. 4. 1 3 #

t b K7:&c, 7 o Z 0 B##Z,

Bernik,

% o ms ^

6c: s o ^<< sEiKbf:

3.4.2

t't SiOg+XC-^Si+CO SiOgK^Ltcm^^iiS^SiO + C, SiO + 2C^

U(SiO + SiC(Di@,9i^L^:o 6 X 6 X 3

(1) CWbSiOg+C, SiO +C, SiO +2C-Ct'fti%m#mm##KltSi . SIC

SiOg+C-C^Si , SiO + 2C-UllSiC ^5KSiO +SiC

%o

(2) ^##^X###TSi . SiC

-6 0-



@#^6o

WzO 3^8 5

3.4.3

B@#D5 0 4#&K3si'!:,

2: K 1 D ^ ^ 2: o # 3. 3 x^ib^KEI 3. 7

0#:&X= 1 2

# 3. 3 £r$i]$C<DXMlU^fln^:

m # ^ # m K #

i) 8i0g+ C 8 i 8i + 8iC + SiO?

2) 8i0g+ C 8i + 8iC 8 i + 8 i C + //

8i0g + 2 C 8iC+ Si 8iC + //

SiOg + SiC 8 i 8 i + 8 i C + "

SiOg^z^^-e^ i 4 K^f

3. 4 ;s#(o{b#j5%#

a) ay-i'S( siOg ) 2 0 0 / y :%ZL J^LT

SiOg ^2^3 AZgOg CaO MgO

9 9.2 7 &1 3 0.2 1 0.0 2 0.0 3

b) /t 3 2 5 7 y 90 #

HgO V.M Ash F.C (Ash^#)

4.8 3 1 4.9 5 1.5 2 7 8.7 %

1) SiOg + l c

2) SiOg + 1. 2 c

3) SiOg + 1. 5 c

4) SiOg + 1.7 5 C

5) SiOg + 2 C

61-



O Si
» Si-0 
x SiC

o

SiO+ C

15 20 30 40 50 60
28(CuKd)

ig 3.7



##-C&fG##§lGKK#

^6(D#%W^mK##L. LZnL,

^ ^K^(DWEI%rEl3. 8(a)^Z ^K^iG^T^^Es. 9 K^fo

EE) z):^^i2^6o

Solar radiation

Sample

Gas flow-*1

El 3. 8 ^ iG # §5 (a)
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1. x x -< ( A rgon )

2. x v * ^

3. I a at

4. X 7°

5. & # ##

6. TklW (%###)

7. b 7 ^ 7°

Ei 3.9 ^ x

-6 4



3. 4. 4 M fin

mmtxmim^To^m, siOg+c, 8iOg + i.2C3sz^ 

SiOg+i. 5Com^K#t±gB^8i 3pf^K4A&aK8i -O^^^ftO^#

&.%3!%^o-3sj:ifSiC 2:m^K67"o-K7iv%)#%6^^:o 810g+i75 C, 810g+2C

o^j^K^K-o^'t^Si + 81C 0El^T#0#K8i —&3ii?OX#[E] 
gfgl ( SiOg+i C3sj:^8102+2C ) 3s Z tf^J5&fB&#3. 6 3s j: ifg| 3. i o K^L^o

#3. 6 810g -0^0^^

m # O # j$c

1) SiOg + ' l C -------------- - Si

2) 8i0„ + 1.2 C ------------- —Si

3) 810g + 1.5 C ------------------- -81

4) 8i0g + 1.75 C ------------------- -81 + SIC

5) 810g + 2 C ---- ----------------S 1 + SIC

J^l+O^, 81O2 +10, 81O2 + 1-25 C3s j:tfSi02 + 1. 5 C<0 m^#^8i ^^-+60^#%

^ -e^%o

1) ^J5%#0##X#|E]#T

81 2:+:0#K, ^M^^LTPb, Zn, Co, Fe, Ca, K, Mg

2)

Si 2 0 — 4 0 96 

8 1C 2 - 1 0 96 

8 10g 5 0 ~ 7 5 #
Tk^ + Oftfe 5 ~ 1 0 $

(8i0d8i+8i0gK^Li:#ef6%O^Ll:)
81 , SiOg , 810 ^f^tSiOgO^mba

L, ma&KZt).

3) ^ O #

a %#*: 100 °CT%#L^h #0^*5.6 96 

b HF/F#m#:4.79G(CN%SiC

C ^#KZ%mai#n : 2 8. 9 96 ( 81 $^H810 O#<kKZ%810gO^)

—6 5 —
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3. 4. 5 a b #

+ lCO^#om&^^, 8i (O^a^l. 5CO^#Kjt#LT^^m#%r^Li:^%Z5-C$)%o fUit 

K^Zm%^(DmWA[#KZ *) 2 o-4 0 96(O^U SiOgKtff %ca<oa^,

8 iOg h C A'6 Aa#^mz):#EJ5%f & & 6 h L ^

3.5 #4^Tyy(±l#^:KZ6#B^^V^^(0#^)

3. 5. 1

^ 7 0*$#7C&K z 6#^ ^ V ^ 7

& & /i/-=f-&^^,#,:y V ^ x€»#^KMLi:K^^o

£. b —'# b LX\'Z)0

3. 5. 2

# # : mtl2KW

(1)

( Bl 3. 1 1 )

zk#@6#n h u ^D a ^72-o%)#y'ibti-c\,'6o ^fbm*#Kz <? b y ^ o n ^7 ^

* L, &o

Rf5g#m(0@#KZ

(2) &t5&m

1^3. 12, 3. 13, 3.14, 3.

K Z 0%o

i) -x v ^ 7

#@#^7774 bDmmu-c

in

#Hit^sfl5^7'^J^43f4W/x(0 -y V =! y ffrlii&ffiit^%fc&~fcinn$![lilT b /£% X *> fcIxif$ i; /"cBSeS

#f %o ^ ###K ^a^^ ^L #;&$#[& mw- % g %

iii)
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mi 3.15 o

iv) <*7j"£P zk#3

(3)

#;%y O'? b ^7 7$:#:2:^^^xy7 -Z Dgc%o 5 0 mm) h L, ^0#mKZ ^

^f-xy 7 Kms#;% (D—%o

3. 5. 3

g*##: 8i $(a^ 0.5 ?/hr

(1)

Si(dep) = 3 . 7j . ft

J : ##2fL%Si #
? : #&?#-??) Si Wk$

^
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±#<f;mLi:^6o 5

(2) ^5#;%#^

4mol #, OZ/H=0.0 6) T*mL^o

(3) rnSM

1.200 °C%r@A,/do

V3^o#^( 1.4 2 0 

3. 5. 4 ###:%

(1) &fG^^(D^a

zkm&r^r-f V^r-b Li:Rf5g5K#A3fi.%:y V

^2:LT^8i (D^-e^Dm^^hLtttHg . CZg , CZ , HCZ , 8i , 8iH^ , SiHgCZ ,

Si/C! Si/Cl

@3.16 ^E^imEE-C^C^/Hhm^^8i#2:(DN#l2l

________ CALCULATED

-------— EXPERIMENTAL

J I I I I
1000 1200 1400 1600

TEMPERATURE, K

SiHgCZg , 8iHC^ , SiCZg , SiC^ 

sicz ^rfSigC^ #&%o

ttHg W^KHCZ, SiHgCZg, SiHC^^, 8iCZ^ 

&^8iC^2Tr$)6o ^E^iatm T:OC^/H=OOl 

2:C^/H=0. 1 0 2: ^<0#&?###&@3. 18 2: 3.19 

K^f" o

c^msicZg

1000 °c
2 8iC^n (^ 8i +8iC^x (^)

^ 1200°C ^

/Z5^^fLRfGT8i 2:8iCZx&^C%^2:^^^

3. 1 7
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g| 3. 2 0 a

INLET GAS

SAMPLER VOLUME 5 ml

O.Sml/secCARRIER GAS

INDOOR TEMP

CHART SPEED

RANGE

El 3. 2 0 b

OUTLET GAS
SAMPLER VOLUME 
CARRIER GAS 

INDOOR TEMP. 
CHART SPEED 
RANGE

0.5 ml/sec

6 cm/min



22 #

37 #

1.5mol/ S i ( de p) mol

#3.9 MiWc# # $

HSic^g *m##

3. 5. 5 ^ %

# # :& #

1) L . P . Hunt and E . Si r tl , J.Electrochem. Soc . 119, 1741(1972)

2) L . P . Hunt, D . H. S awye r and E.Sirtl, J.Electrochem.Soc. 121, 9 1 9 ( 1 9 7 4 )

3.6 ^ #

m&L, D V 3 5 OO^T y 7"(D^, m i v 7'f 7Z^^@5(om7cK J

ip ^ 9 3 Z/O^JSKE, ^ 4 y 7"€» h I) ^ n o v/7 >"(0±^#,K J V ^

±i#^^^4f-(D@<##^(omW''csi02+ i.o-i.sc^mj^^^si (o^t%

SiO , SiOg , SiC #<0#^TK##&Si 

# 4^.T y yK-ot'-t t, h V y o o^7 J 6#^^ V ^

J^j:€)#^.'Ty7'K^y'6 8i ^±^#^^^ 2 0 - 4 0 M

EUgEKfB#^"?:



4. 1 ^ n

2:#K, L

Z^3A%o#P^(DWn(D^#^Cf:o ^&'4#:/h#A^#AhL'-C, Ma&ABA^&%6#%Brj:0^BBf^ 

Ma&AB Z DHA##(0#A^^^/:K#AK#8#L/:o

4.2 #3/h#A^(0%#@=#

4. 2. 1 #5 3 A##^ ( ^#0 5 1^7^168)

5 !4#(0#%T--7KM&%JLy&&K^W-C##L7%:o //^

M5^10:^#4)2T—?(D#K, %03^0-f--73:W_&&^<!:L7to T/ct)^

1. A#AI#^4)#^^#r

2.

1.

2):^ 5 Ah\,^/:#^^#&rfj ^ V v b A^#(DA#

&r#x:T,

^^%4-KZd:fT^% =:% bum^-hZmo^-rajf Z 0 %. 51 ^ hKL^o /c/d

h'/L7ZK5^#^L/:AI##Kf %/)4t^-C^%<D-C, #m&rB L/c^AgBtt

2:2: L/:o

2. AIBilpO]!###

Q*Bp(y'-CO±#&##K, #x4##=2:L-t8#^%:#D±^, ±

/c^m^K'Oir'T tRC4=0^T##f &o

AT—?KML-c, Aimm^m/J^A^BAZ^m^^^-K^^gAK^KL/:,

eo, HAco3#m^@^f%^khL/:o

3. A#!p(D^^ZU:/4^T±^^

&o ;%#^oyixT±x;%<hWc7t—

^OT—7H#T, ^4A##A2)%^f6(,

Z:(D3^€)T--7(D#K, #*A##A

^ 2: L/:o
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4. 2. 2 3 /J\#( Bg^O 5 1 % 9 ^ 2 1 B )

1. ±I##P2) ]%:%$:#

O B ##7)^#^' ^ ^ ii,^o

SaB^aK^^'iZltB ATltah A, , -fx x^ /f x^|-@(7)—#2: Lt 5 0 % l 0 ^

C 0 —WM 0 C> Sympos ium on Solar Energy Utilijation 0 ,

2.

X##&K Z D A#ip(D±#-$&-'^7 / —f 2: 3##^TXT^-(03X. h it#

#(0%2.

s. yyx.^^KZ%#^.

4. AI#!(P€)^A#^/<X-T^-X^

4. 2. 3 #5 7 g]#& 3 /J#m^ ( Bg# 5 1 % 1 1 ^ 1 6 B )

1. ±i#^(o#me

2.

° y hyyxhto^Ab^s^g'f^^^.

^ 5 A^<X—XLX.^% ^ (D^K'0\,'"CW#Ly^o

3.

AI##$Jm(DT^y n x h x-^ h &##Ly:o

4. ^fWcK-Ol'-T:

i2^8B(D#m#K^AL, ^cM&r#y^€)t)&#AK@S^f%, ^rtiK% 

%[s|/^#A#K^tbf % Z: h h Lt:o

4.2.4 ^ 8 ia^3/J\#^^(Bg#n 52^1^188)

B $m#%#^^Ry)^y:o

i.
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y7°dO:\,'Ot, <0:6

2.

Sf t & 6 7^fd td 0:

<

3.

##Az)xfHgLt##f 6o

4.3 ±|#j(pO#^#

4. 3. 1 3 &. %)% #

0:^6 %Q2:m^h.6o

1. #i&a^#;g<o^AA'Mtw&-c#6o

2.

3.

4. ##,

m#t%K i6o #&a c —g;t#^%o±mo:^t##^KfT^^Lt\,'6 )

%#0#gK###^6^Lt^(D@^e^^*f6hL6± 

tglJmLt^0:^Z^t^6o ^(0_h, ±#^^^4^-#md^fL^ F^V-xJ t^6Lh^m#^td%^. 

d^/V L^LO:^5, 80x

f 6Ki&#0#l)m&"2d6 L ^ d\,'< 6 < 6^0:h'(0^@

tm'#^#7B$^t<6(DtdO:\,'4:6^^ #4. ldt(0^*t(D^%3^hOK#:tdO:\'^\ M#*X 

7K3a\,'t#QN0x ^50ppm@&Kf6^%€)j%#. $6#&#^ody:2:Ly:#(DE#3^h(D±#^^ 

%(DT$)6o ^

L<0 1 5 K, %^td, ±#^(D^#&rS4f 6(0(ttro^L <, L Ltdso -200 7 ^ - k Q±#

4.3.2

±#{lp(D^#^2:Ltd,@4#^ib^t\,'6^, 50-200 7^-b(0±#±l#!|pd^:#*?-^V^-^^y 

h^:K#@3fi.6o ^O^T^##l|g|4. 1 OZ ^ o:t<ot, ^7-#^:^) ^7-^&It#L

^#-o, ^V^--^^yt'(D#KI%f#&(0#@&:#f'6±a@^^7^7#&^#kT6A,

tlO.OOOKWt#<D±##(O^Odg@LK<<. ±#!^(0^^#t^)6h

%' 5#C#s5g\,\,

(1) - 7 d^7#(DRIM-ANGLE

%#M#±l#!lp(0##&r^6-7y -f h Ltd, ( flux ) D , ^ j: 5 K

-^-^. 1? ^60

flux = 4 6.1 X 1 0 3 E . Po . s i n^0

LLt, : C=46.ixio^ sin^g
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E :

Po ' 0.0 3 3 calAsec/cm )

0 : -ydfyORIM ANGLE

costoc (4f
sin 6 fi 

H cos 0

Og mikiei^m#, am

7## 245TM/W 2 4sfm/W

mwj, mi;, * 12.3 1 3.3

fW, ^0 8.3 7.3

4 5.0 4 5.1

4.1
3 0 Ton/hr ##$ 4 0 0 0^^/^

zK i 7 ( )
moNOx rn^BOppm

COST PER HELIOSTAT

0 Reflector Subassembly 8 6 0 9

0 GUIDANCE TRACKING & CONTROL
Sabassembly

7 5

0 MOUNTING AND ACTUATORS 4 7 4

0 PEDESTAL 2 2 2

0 HANDLING. ASSEMBLY AND INSTALLATION 1 7 1

0 MINI-COMPUTER FIELD CONTROLLER 2 8 8

0 ALLOWANCE FOR CONTINGENCIES AND
SPARES 10%

1 8 4

TOTAL 8 2.0 2 3

4.6 COST ESTIMATION OF 3 0M2 HELIOSTAT 
( JUNE , 1 9 7 5 )

^ $ ( d = f ' a )7)^l^( f = const) O^IWK^'-C , RIM-ANGLE K>^L "CC ,

9C/90, f lux/cost , ( f lux ) 2/6os t%r/9= l. 5 & 1. 8 <0 2 2 , 4. 3

El 4. 2^6, RIM-ANGLEds^WS^A'f #11% <%&%):, 90/90(0#^^^ 0 = 45°

El4. /?= !. 0 = 50°-7 0°Q-7zK7^COSTOPTI

MUM-C^= 1. 8 2: COSTd^7;F7<0@K±# 2:'0 = 30°-60° 2: RIM-ANGLE(D/J\^l'

OPT IMUMd#o tfj< 2: #*.%<,

(2) FURNACE FACTOR

y ^(D^$tl###^2:K#4. 2(D1 5 FURNACE



FACTORS ti&o j: ^

F = ( 7] t 2 . 7j r . 7]g .7] f ) 2 . Tys .77 C . 7j&

= 0.3 5 — 0.6 9 ( )

= 0.4 5 — 0.7 5 ( ftfgffi 7j t = 1. 0 )

%A,^##&^#EL 73:^% 0-0^0, 

#ltLT^7Zt^\ ^(Dj#±^FURNACE FACTOR

^6(D-Clt7^t'A^ MW@^#@#7)^j#L-Ct^6€i-Clt73:t'^E#/F,H,%o #4.3^##

FURNACE FOCTORtmim^m^^^^^TzEm'p-C^^E##^^^^

(3) ^I#;p€i3^h(#.—

g|4. 4^^(DZ 5

a =6"

f lux = 3 0 0 c a 1/s e c/cm 

S3IB Id's; ^ a . Po = 0.0 2 8 5 cal/sec /cm

-7*'7#ttm#<D^m#&##^/-t:^#Ll:#j^f%^^KL,#4.3K^lt%lNDEX OF GEOME 

TR1CAL PERFECTION hLT^ (7= 6 0 96^%mLl:t^o

RECEIVERCONCENTRATORCONCENTRATOR

HELIOSTAT PARABOLA FURNACE

HELIOSTAT

STORAGE

RECEIVER TRANSFERCONCENTRATOR TURBO
GENERATOR

1214. i ~y?'~tflt 1^121

Symbol Factor Estimated Value

7] t Glass tansmissivity per pass 0.9 4—0.9 8

7] r Surface reflectivity per surface 0.9 1—0.9 5

? g Geometrical imperfections , per mirror 0.9 0—0.9 6

7] f Mirror frame Shading, per mirror 0.9 4—0.9 8

V s Tower Shading 0.8 5—0.9 5

V c flux control shading 0.9 5—0.9 9

7j a Alignment factor 0.9 5 — 0.9 9

Over — all furnace factor F 0.3 5 — 0.6 9

4. 2 Typcal Transmissivity Factors for a 

Two-mirror Parabolic Furnace
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20X1 O'
9 C/9

0 9 04 0 5 0

RIM-ANGLER DEGREE

4.2 VARIATION OF CONCFNTRATI ON WITH 
RIM ANGLE

#4.4(1, Z:Q100ft^/^7±

#78 5.0 00

SxWt&tWR# 8 0.0 0 0 

8.0 0 0

^ # #1 #8 6 3,0 00
( 2 # 5 T 9 0 O^M ) 

MK, |g4. 5. 4. 6(lZ:(D100ft 

5 0 — 20 0ft

(1)

2#KWJ

(2)

ItflJ

GO
oo

h4
f*<

1 0 0 r

0 9 04 0 5 0

(A) f lux/cast ft = 1.5 

(B f lux/cost ft — 1.8 

(C) l f lux)2/cost ft= 1.5 

09 (flux) 2//cost ft=- 1.8

(3) DRIVE AND CONTROL % F

(4)

(5)

RIM-ANGLER DEGREE

HI 4. 3 VARIATION OF FLUX AND COST OF SOLAR 
FURNACE EMPLOYING A PARABOLIC 
CONCENTRATOR WITH RIM ANGLE

^@^#(li$7o
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FURNACE
DIAMETER

(ft)

Reflection
material

RIM ANGLE
d ( degree )

Temp

K)

FI ux

cal/ sec/6%
%A 71R

Case I Case n
FE% 0 % E% 0 %

MONTLOUIS 3 5 glass 4 1 3.2 7 0 - 0.8 5 ( 0.8 2 ) % 2 4.0 4 19 3 0.6 5 2.5 2 8.2—3 6.0

ALGIERS 2 7.6 alum inum 3 6.5 3.2 7 0 - 0.8 5 0.8 0 3 0.3 4 3.2 3 6.7 5 4.0 3 5.6 — 4 3.2

FORD HAM 5 glass 6 0 3.6 1 0 - 0.7 6 0.8 0 2 1.3 3 3.7 2 5.6 4 2.1 2 8.0—3 3.7

JAPAN * 6.5 alum inum 7 5 2,3 7 0 - 0.7 6 0.8 0 3.3 5.4 4.0 6.6 4.3— 5.3

CONVAIR 5 glass 6 0 - 6 6 5 1.0 0 0.8 0 5 7.6 7 1.5 - - 5 7.6

CONVAIR 1 0 aluminum 8 3 - 9 6 1.0 0 0.8 0 1 0.8 1 3.5 - - 1 0.8

Nat, Bur. 5 rhodium 6 0 3.5 7 0 - 0.7 6 ( 0.8 5 ) ^ 2 3.5 4 2.8 2 9.4 5 3.5 3 0.9—3 8.7

4. 3 Efficiency Factor and Index of Geometrical Perfection

for Various Solar Furnace

oo
to

E

n

v

v

a

= V V V A • O

R

R '' S 'A

: Overall reflection efficiency of the reflecting surface

g : Shadowing efficiency

A :Fraction of the solar constant at the site

:Index of geometrical perfection

Case I : only heat loss was by radiation 

lrom a cavity

Case II : heat loss by conduction and 

convection was equal to 20 $ 

of the heat loss by radiation

% * ^zK^z



10
0' 100' ENVELOPE OF REFLECTING AREA WITH 

HELIOSTAT SET AT 5 0 0 TO HORIZONTAL

TURNING THROUGH 60

HELIOSTAT REQUIREMENTS
160.03'

HORIZONTAL AXIS

VERTICAL AXIS

SUPPORTING TRUSS 

ON TURNTABLE

ELEVATOR

TURNTABLE

El 4. 4 GENERAL LAYOUT OF 10 0 FT SOLAR FURNACE

) /3:2fKZ 2:^t Wt%:Wo

(4)/ h ( V ^ y h )

E4. 7(t^ V y h h ifd'T^) 0 . ^<O#^#^#10&7. 2 mX 7. 2

™<o±# $<o^ V v h 4)3#^ Z ^ K i o o okWt @&%)#±<o ^

<0 2:#;%.% K, {LCNRS<D±|#^^flJK 2: V ^h4t6mX7m(Oik<0^6 3 0 ,

%<0#&<0 Z ^ o'2:i'^ 5 ±#^#<0/ V ^ h O:i,"o

L A^L , ^ 7 V ;/ h X)L %<0± ^ %1,'K L6*l#i(p^<0^ V ^ h K

#^^*62:*#^#^ 5o

#4.6(t. 1 9 7 5 2.00 0#/

Heliostat2:#^^K-0,'6o^
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COMPONENT
COST OF MATERIAL
AND CONSTRUCTION

PERCENT OF 
TOTAL COST REMARKS

CONCENTRATOR $ 1 9 6,3 0 0 2 5.0 # oAPERTURE: 10 OFT

oREFLECTING SURFACE 1 1 3.8 0 0 1 4.5 °FOCAL LENGTH: 53.7FT

AND PRIMARY SUPPORT O SURFACE : 8,2 8 0 sq FT

oSTRUCTURE 6 6,8 0 0 8.0 oBACK SILVERED

oFOUNDATION 1 5. 7 0 0 2.0
CURVED 3 ft X 3ft X025 
GLASS

oHEIGHT:l3 2FT

HELIOSTAT $ 3 9 2,5 0 0 5 0.0 WIDTH: 126FT

oREFLECTING SURFACE 1 6 0,9 0 0 2 0.5 AREA: 16000 sq FT

AND PRIMARY SUPPORT oFLAT BACK-SILVERED

oSTRUCTURE 2 0 4,1 00 2 6.0 3FTX3FTX025" GLASS

oFOUNDATION 2 7, 5 0 0 3.5

EQUIPMENT S 1 5 7, 0 0 0 2 0.0

oTURN TABLE 1 1 7,8 0 0 1 5.0

odrive AND CONTROL 3 9,2 0 0 5.0

o PLAT FORM 10 FTX20FT

TOWER # 3 9,2 0 0 5.0

oSTRUCTURE AND 1 5,7 0 0 2.0
FOUNDATION

oELEVATOR 2 3,5 0 0 3.0

TOTAL $ 7 8 5,0 0 0 1 0 0

4.4 RELATIVE COST OF RARTS OF A SOLAR FURNACE 

CONSISTING OF A 100FT FIXED PARABOLA 

CONCENTRATOR FOCAL FURNACE TOWER 

AND A TRACKING HELIOSTAT

estimate A 
(EXTRAPOLATED )

ESTIMATE B

CONCENTRATOR 2 5.6 # 3 6.0 #

HELIOSTAT EQUIPMENT 6 9.4 # 6 1.0 #

TOWER 5.0 # C
O

ESTIMATED TOTALCOST S 1,216,000 # 2,1 60,0 0 0

4.5 COMPARISON OF COST ESTIMATES FOR 

120—FT PARABOLIC SOLAR FURNACE

— 8 4—
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A
C

E

Ph

He 1 iostat

Concentrator

Equipment

Target tower

DIAMETER OF PARABOLIC CONCENTRATOR! f t) DIAMETER OF PARABOLIC CONCENTRATOR!ft) 

® 4. 5 VARIATION OF COSTS OF MAJOR COMPONENTS ® 4. 6 VARIATION OF COST OF A PARABOLIC 

OF A PARABOLIC SOLAR FURNACE SOLAR FURNACE WITH DIAMETER

WITH DIAMETER

• 8SEGMENT STEEL BEAM SUPPORT 
e STEEL CONE PEDESTAL
• 26,000 UNITS PER YEAR
• FINAL ASSEMBLY FACILITY NEAR SITE
• GLASS PLANT NOT INTEGRATED

■TRANSPORTATION (GLASS AND ASSEMBLIES)

•FINAL INSTALLATION AND CHECKOUT

.SINGLE-PIECE REFLECTOR 3.7 BY 3.7 m (12 BY 12 FT)

FOUNDATIONS (INCLUDING 
INSTALLATION*

FIELD ^ 
CONTROL

DRIVE

STRUCTURAL SUPPORT
REFLECTIVE SURFACE

7.62 m
6 12 16 20 25 FT

HELIOSTAT DIAMETER ACROSS FLATS

0 4.7 Relative Cost Versus Heliostat Size



#, <LCNRS lOOOKWt 1 9 6 7^^#-C±%.

6mX7m-63-^) : 7W^7yX ( 4g9f-^M )

- 7 *' 7 ( 0. 45mX0. 45^-9500%), : 5 7 ^ ( 3 # 5 )

4. 3. 3 ± h %

^ E 5 , & & "C13.#$%&A 4 f-% ^ -CK^6 T XAI#^(0##

Ti %

# # #

oo #M, si^ii^

(2) RAYMOND W BLISS

FNOTES ON PERFORMANCE DESIGN OF PARABOLIC SOLAR FURNACEJ 

Solar Energy Vo 1.1- No 1. (l 9 5 7)

(3) NEVIN K . HI ESTER, THOMAS E.TIETZ AND ROBERT E, DE LA RUE , Jr.

[ECONOMIC FACTOR IN FURNACE DESIGN]

Solar Energy Vo 1.1. No 2.3 (l 9 5 7)

(4) C.R EASTON , C.R APPLEBAUGH AND J, H.NOURSE

[HELIOSTAT DESIGN FOR A CENTRAL RECEIVER SOLAR POWER PLANT]

(5) L.L.VANT-HULL AND A . F . HI LDERBRANDT 

Solar Energy Vo 1- 18. pp31~39(l 976)

4.4 4P,C^<O05m

4. 4. i $ A. ^

^6 j: [)( r#K#J K-o^-c, ^

4. 4. 2 -%$

& CD
jWc% 6o
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#M#^KZ^'ta^'T:<&/0\ —jK%K#A6 2:, ^L'ggOM^, #^:W, 26KHAI#:%

^^&rEI^K^f&IE|4. 8(DZ5K^6o

^V^^^yh(D#mKA#L^±l#^tRW^^-C-7^7#(D^:#K^fjKA^f%o -7*'7

:A i &4$o-tA'%o 

^ KA6^^;^^r —Qi (t 

Qi == DN. R^ • Rp • Aq (l)

y^ y^ u D N : &#maas

R ^ : ^flltt ( ^ ^ £ y b )

R,

7d^7:

k %%(

(2)

^ gg€»]:A^dr—(lOt

9i =Qi / Aj
= DN'Rh'Rp" ^

— W * DN

y^y^L

y;6)

an:%o

(°c)kf%k,

Ql = qfl + qrl + qhl (3)

tctd L

Qpp, :

&RL =

%L =

QpL^. A#^#^#^y^%(OK/i%o

-frzfo'b, QpL = ( i—<!>) • Q1 (4) £. ft &o
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$3:5%, %€) Z ^ 0: C: 2: 6 h 0: ^ ^o

(D

# < 3i;#&#tr A ^(O -c

# % 6o

Jk#g<OBB%t7°o4=;%KZo'Otf&

■ftfe — h <?VN A ~7*]) y Kb ^
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4.5
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4. 5. 2
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7<OI$-C&&o
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—5 L-r\,^&#&####5^

V y h ( #@# ) (Z 2^K 1 Is]a5#& < ^X. L 9 , 1 0

-7^7^(#m^)^25%^

m#k±^z#e, m#. = -Ti7^a#<oz#&^mK#^T:v' 

67^%^ V ^ h y 7"C3-f- 7^L -C

^-CNR8±#!MOZ 5 K±#2:^Dm^K^ib$^^± %^JKZ%

5"C&%o ^A:L±0@-7^7O#m(Dm#&K-o 

LA^L, Z:fLKo%^'%:H±|####0:t:'CtRlCZ5K^LAy'r\,^^M 

f&0, ±^ 1 9 7 3

#KZ6#m<Dm*^#mKO:oyz%,\ m#2-3cmJ^T<7)zK#^%#

^%/u ^ "C&&o

###^##K0:6Z ^ K-kT'/ 7

^ K%o
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4. 5. 3 ^ ^ #

l OOOkw ^PKMT2:K^#7Z:##&r^0^.7^o

A 5 o

7 ?K 7 #

^ /L' # ^ • P /5

- y 7

^ V ^ 7 y b • "N- 'J A ^ 7 y b

• ^ ’J $■ ^ 7 y b ####

• 'J ±^ 7 y b A^#bh&@

Al##&##

l) 3r 7. 7 y b ' ^F^(l^#

. 7-0^7^##!##

• f" —d< j####

" wm% ^

4. 7 A#jP<D#g##j^flJ

4.6 ^ ^ #

4. 6. 1 ^ ^ #

±#!|p K'OC'O ##/&&' ^ ^ ^ rn% ft & o

1.

2. fj^GR,

4.6.2

mm, Amw, m#^A^, #%#G,
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(1) xi

t<0±#O#±KA&^5$7):MaL\,'o ^^#A%
5 %#maL^ #K-7^7#K:W&m,B#Al]Kti-#

^ o & o;K::x-p y —&"<:7 ?K 7#(D#K#@T 6^4 A $ o

b) Mo LAZ,
#AZ&, WIK#<0::&##/&:

ZL^^K-o^'T^, Ati#K#L/c#A#^af%&
ah,

c) @o ^7df7#t^<D#@(D^^yf-&^%#(D#X%rl%Af6o

^/OsfslK'&bai'GSKti, #<D

5 Kf 5o
e) zKi^o ^^A^%DK<^#ma/3:AZ5Km#fLi:#<o

6>< L, 5Kf5o
(2) A^%#

a) mm, ^m^m:'cmm^%:m^^^<aatt#5 ommK^LT^mm^jmKzoi-

w m#%To g#Kmf%z
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c) #(^o ##K±m^#/u7^#^, M#K@LT\,'
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a) #, ^aoa&awt, Aiu^ma^A, #^6\,^tT^*v^##L-t<Aa, Ai#^
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b) 7^^V, 8 Ox, NOxeKB^Lt^-Ct, Z:

c) A#, ##o 

<-c#6o

(4) ##*; 1 l/A
a) A, ,#, ^iL6z)#^LT, ^#^KA^-CAI#^(D#^#&rT
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b) ##^0

c) #]5(0#^^3#C''%:)S&KAI#^(DE##^-h^PRL'Cjy<o ^1:, #^,6\417^^^''e
^ Kf %o #^7

@E#&r2: ^"C*3 < L\,'o

(5) ^(D#o
% 41 %o

4. 6.3 A#iMG#A,

#hAK^f^#, ##,

(1) A#, A%

a) ^V^fyho

^ b ^$J#f %o ^ ^ K 1 0@:#AI#^(D2#W:(D^#1^^K < /ID , A^

A%(D/0BlO: <0:%o

b) -7^7#o -7*'7#OMg|3KA^Ad:\,'%%Kd,
1% &L:Xf

V y b K#^<—1 ^ 7^-i — o y <0 2:(0Z^KL-C-''7

*'7#MdA?)A#&l#<'o

5KLi:^<o L^iKZDflF##(oA#z)#y%o

(2)
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K 4Fvb?)##T, A%,
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4. ?. i m ^ #
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b)
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c) mmmm

sm, mm.

a)

e) ^fe.fS'S^I^S

f) #mm&

^ %O-C0L\,'&

J^±a) -f)

4. 7. 2 @ & f

a)
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c) mmmm
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d)

-9 7-



f %o Xzk^SKZ 2:^^V'j: 5&gf %o

e)

@kf 6Z 5K#f

f) #%4>#
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4. 1 0. 2

fk^{k<omm#@70S5oo°c~i.ooo

°CKj^D, <k#W5K^5#^{k^±#l'#, <k

© ##4%RfStti 0 0 0°cJ^T'C$)6^2:o 

© ^%WbM5(t 5 0 0°c Z0±#l'^2:o

5 0 0°C < T^ = —------  (ACp-O) < i o o o °c

4. i o. 3 M##fHk#JxJ&

fp&&#Z:L%:\,'o ^<D^7&^ft#%0:4)(0(t803 ^ 80g(^+ 0% (^) #

4. GK'LO^j^^'g'aO't, 4'3~CK#^2fLK\,'& (DRfS&^To

# 4. 9

fk # R

CH40 + HgO^ ^ CO^ +3Hg(# 

CH^^ + COg^ ^ 2C0^ + 2Hg

so3m # so2« + + o2»

CHgOH^ 2Hg^ + CO^

AHCkcal ) A8(r^4 ^(^-) ^ #
deg AS V ^

4 9 5 1 9 6 0 5 0 100 ^It 2 5°C

5 9 6 1.5 9 6 0 6 0
802^##, O2H

2 3.5 2 2.7 1,0 4 0 1 1 0 100^E25°C (O

2 2 5 3 4 2 0 4 2 300 ^tBE 327 °C

^#hLTaAX^V205 %)^\,'^^i6o

4.1 0.4 ##&^#L%zWk#!Xj[S

7^t^T^O#^#^:fSK-o^-C?F#Lyz:^^e4. 1 0 

K^fo WNH4HSO4 t;ix^yt:0%2fg(D##m^#f6
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4. 1 0

fk # & IS AHCkeal

NH4H8O40 ^ NH30 + H2O + 80 3^ 8 0.4

NH4F<s) ^ NH3(^) + w&> 3 5.1

NH4Cl(s) # NHg^ + 4 2.1

NH4Br(s)<=; NH30 + HB^ 4 5.0

NH4l(s)^ NH3(^ + Hl(# 4 3.5

fk # M ^ AH(kcal)
Mg (OH) 2^ ^ Mg^8) +

1 9.4

CaCOH)^ ^ CaC(8) + HgC^ 2 6.1

SrCOH)^^ 8r^8) + Hgd^ 3 0.3

BaCOH)^ ^ Bad^ + Hgd^ 3 5.7

Li 0#^-^-LigC(8) + 1 3.6

NaOd^ #^-Na gd^^ + Hgd^ 2 1.2

KO#) ^ -y- KgCM + -j- Hgd^ 2 7.5

RbO^) ^ Rb gC(8) + -y- Hgd^ 2 8.6

CsO# Csd^ + -y Hgd^) 2 8.4

fk # ^ JS AH(kcal)

MgC0g(8) MgO^ + CO 2 8

C a CO 3(8) ^ CaO^) + COg^ 4 2.6

8 r CO3(8) ^ 8rO(8) + COg^ 5 6.5

BaCOg^^; BaO(8) + COg^ 6 4.4

L i g CO 3(8) ±;L i g Q(8) + CO g^ 5 3.4

Nag CO 3(8) <=> NagO + COg^ 7 6.8

Kg CO 3(8) KgO(8) + COg^ 9 4.1

Rb % CO 3b) ^ RbgO^) + CO 9 6.7

C s g CO 3^) <=» C s gO^) +CO 9 7.5

deg
ijekAHCk) Ad zkcalx

V 1
1 0 8.9 7 4 0 7 4 0 #AH4 60

7 0.3 4 9 9 5 1 2 AH4 =21.6

6 8.0 6 1 8 5 7 0 AHg =3 0

6 6 6 7 7 6 4 0 A HI =33

6 7 6 4 9 4 6 0 II

1

l

3 6.5 5 3 1 3 3 0 H%0 (0&#AHd 9.6

3 4.7 7 5 2 4 7 0

<£>

11

( 3 5.6 ) ( 8 5 2 ) 5 1 0 AH4 = 2 0.6

( 3 5.6 ) ( 1,0 0 0 ) 5 8 0 AH4 = 2 6.0

1 3.5 1,0 0 4 530 AH4= 8.7

1 2.5 1,6 9 6 7 20 AH4 = i 6.3

1 1.8 2,3 2 7 7 4 0 AHl = 2 1.6

( 1 2.6 ) ( 2,2 7 0 ) 7 0 0 AH^=2 3.7

( 1 2.6 ) ( 2,2 5 4 ) 5 6 0 AH^ = 2 3.5

AS(g4 n<t_AH(k) AH kcaL
0# #^ A8 v 1

4 1.8 6 7 0 5 60 CO2
AH^ =26.8

3 8.4 1,110 7 8 0 AH4=4 1.5

4 0.9 1,3 8 0 9 5 0 AHl = 5 5.3

4 1.1 1,5 7 0 1,0 0 0 AHl=6 3.2

3 8.5 1,3 9 0 1,0 2 0 AHl = 5 2.2

3 5.3 2,7 1 0 1,2 0 0 AH£ =7 5.7

3 6.4 2,5 8 5 1,2 1 0 AH^ = 9 3.0

( 3 6.7 ) ( 2,6 3 4 ) 1,1 0 0 AH^=9 5.1

( 3 6.7 ) ( 2,6 5 5 ) 1,1 0 0 AHl=9 6.0

4. 1 3

\si

i(S)
(s)

(s)

MgSO^'
CaSO^

8r80^
BaSOj
Li 28O/8)

Nag 80/8)

Kg80/8) # KgO^ + 80 3'

Rb 280^)
CsgSO^^

RbgO(8) +80 o'
C> ■ J

,0(8) + 80g((

AHCkcal) A8(g%-)

1 6 1.4 
1 6 7.2 

1 6 9.0

deg
MgQ(8) + 80 3^ 6 7.2 4 5.8

V
1,4 7 0 1,0 8 0

CaO(s) + 80 3^ 9 6.2 4 4.8 2,1 4 5 -
8rQ(8) + 80 3^ 1 0 9.8 4 4.8 2,4 5 0
BaO(s) + 80 3^ 1 2 3.5 4 6.5 2,6 6 0

5 Li2Olsl + SO 1 06 ( 4 2.9 ) ( 2,4 7 0 )
^ NagO^ + 80 3^ 1 3 7.1 4 2.9 3,1 9 0 -

4 1.7 
( 4 2.9 ) 

( 4 2.9 )

3,8 6 7 

( 3,9 0 0 ) 

( 3,9 4 0 )

AHd=5 7.0

-10 7



it

Mg O'

CaO(s)

Srd,(s)

BaO',(s)

Li od,(s)

Nagdi(s)

Rod,(s)

RbgO' 

Ca gO'

? .

Mg('

Ca^

8r^

Ba^

1L

2
2

4
_ j_

2
, 1

Of

2- 02

2L^+ -y- Og^

2Na^

2K^ + ^ 0;

2Rb'

2Cg(
"T
_L 
2

T °2

4. 1 4

AH(kcal) AS(^g-) ^k^)

1 7 9.7 5 3.6 3,3 6 0 —

1 9 7.8 5 2.0 3,8 0 0 —

1 8 0.3 5 0.8 3,5 5 0 —

1 7 4.3 4 8.4 3,6 0 0 —

2 1 6.5 8 1.7 2,6 5 0 —

1 5 1.4 8 0.5 1,8 8 0 —

1 2 9.9 7 8.6 1,6 5 2 —

1 1 9.9 l 8 0.3 ) ( 1,4 9 4 ) —

(115) ( 8 0.3 ) ( 1,4 3 2 ) —

4. 1 0. 5 $ ^ %

x, ±1#^#

# # # .

T. A. Chubb , Solar Energy J_7 , 129 (1972)

W. E .Wentworth and E.Chen , Solar Energy l_8. . 205 ( 1 976 )

4.11

4. 1 1. 1 $ #

#—K rmasMaj

k7)#Kit^Ot^-7s/7ltO:\,'L, #rt:K-7s'7'^f^j^f6t:%)(DMJ#t%:\,'o 

—Jjb&MtO r ifeXB Mikl s'7°it, -f^KfrTz D #L V Sii-CV £ ^ ( Ycshida and Shinoki

1 9 7 6 ), ^^:Klt^iJ-f%2:\,^i%Ez)^i''J^±, A^B##'?s'7"&, ±I#!(P

kit Kit\,'^73:^0

^:#^K^^-Ot, #^%|-CfpjWc$K/cmmB*##(Boe8 et al , 1976)

4 , C-KKYoshida and Shinoki ( 1 9 7 6 ) K t % ^e:X0 ftat^ AtL“C , 0 ~^<D 15 3 xU^S^H

-10 8-



0#^gV-<;y^o. 4kw/^ ^tl/O. 6kw/^ 2. 3<O0C#t-&ff

f-^7Vv^Ll:##K#f6o

2: tK L^L73:V^

Vo

%*;, f^<-c r&#@S^0^#J "C$)6o

4.11.2 B^K^amaBwa^y/fo##

(1)

g%g07D-^g]4. 2 OK^fo 2%K, 7o-KL^^^-C,

(T) Boes e t a 1 (T)'T $

Boes( 1 9 7 5 ) tt, ^/B Mm.t HE^B t^fi^MPJ L X\' %> 3 ( A lbuqUe rque, B lue Hill ,

Omaha) <0%-^&#,% #^(D^^B##//m^^:^BMa^jt^6, #(#^<00:^0##^#^

Boes et al ( 1 9 76 ) It, ±<0;%&mV"C, #gM2 

K, 2 6mA^Ea00m2:A^B#a^5%^%##^^L,

&f)T-7&#|v;5o

®(5) ##i, n

t L X

DN sin nh=a0+a1 Q+a 2Q 2 ...................... (1)

DN=b0+b1Q cosecnh + b2(Q cosec11 h)2............... (2)

DN:maB&ra

Q : //

h : ±l#i%m ( 1 5 0)

a i , b i ( i=0, i. 2 ) : ##%

D N ^

0®

(1975^10^-1976^9^ )^#^( 19 ?e % 

1 1,1 2^ ) (7)f-7 &mvt, %o

®@ AS 153 #A<ODN<o#t#:

Yoshida and Shinoki ( 1 9 7 6 ) #++mLtr#m^<omJ&#a%V^B#a#^

Qi=Q()( 0.1 4 6+0.5 3 48/8^+0.0 3 6 sin h).............  (3)

Qo : ±^.^^^0##

8/8 o : 0^$

l o 9-



D N

DNO-7 y 7°f;gc

(DN/Qg ) X 100 O'? y 7'Wc

(W158 €)#)

# ZlfT-7 3=-]: y7

T-7 V ^ h (DT 7 h 7"? h

, ###(DDN. Q

Boes et a 1 +> +— 7 3—~r

( WK^, G, H. l - l 2 ^ (ODN

^ #j3sZU^O^ME##t

153 #A^)DN€i

^ (DN/Qg) x 100

Qg=Qo(0146 + 0534 8/8 Q

+ 0047 G, a+0.0 36 sin h)

KZt)^Bl53 %^,(DQg(D

Ql=Qo( M4G + 0534 8/

So + 0036 sinh)KZ0A 

@ 153

DN—b 0+b i Q 2 cosecnh+b 2 ( Q 2 cosec nh)2

<Dbi CAL^OBS^O

1.2 0 O 9 at) KcV'-C

, CAL&OB8^7°n ^ hf &

(O 1 1 3D

DNsin h=a 0+a xQ+a 2Q2

<%ai CALhOBS

y b ~f~

-no



©@® DN/Qg it

Yoshida and Shinoki K 1 6 F ^r^tr^Q WHaS/EA

Qg=Qg ( 0146 + 0534 8/8 Q + 0047 G^ + 0036 sin h )............. (4)

GiQ :

^^^'^,153 #^(D3 0%^P^|Qg &@f#:L, DN/Qg

(2)

«b

(1) DN, Qi ^kwh/^ DN = - 1.419 + 0.895 Q^ cosec^^^h

+ 0.0468 (Qj cosec*'^h ) 2 .........  (5)

(2) DN, Qi ^ DN=- 122 + 0.895 Q, cosec^^h

+ 0.000544 ( Q1 cosec 105h )2 ........ (5)'

= 0.9 9 2 8

E ( ) = 0.2 1 5 5 ( kwh/?^) = 1 9 1 y

Etl, DN'O^^K^L'tS. 8#'C&%o ±^KZ6DN€,#t##^DN(DmT-^^^jt#&r, @4.2 1

VLT^-fo

(3) 8$:<OT-fbC)Jt#

@4. 2 l K&b^-C/o ^ h L-C^fo

$S6 t LX

(2) (5)^tt. 7C$k, 5%0:\,^L^^jgl±<7)%#[€)^#K

(4) ESQ Iff"7 v 7°

#^(D(9)#0^&KZ 0 ,'A:S i 5 3 #bAK##& 3 o%( 1 9 4 1-1 9 7 0%) ^DN&#t#L . ^ jgij*;

/Er(D DN^#^0 8^ , #^xo 12^, ^0 ^/&r, @4. 2 2 K^fo

( )^^( W2:*;9~C&%o

()^ : m^€»^%DN7)#L</>0:\,'mA

( )^ : #i^soo

c^ibiDm^, ###&#<#&.
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DN(CAL)

El 4. 2 i (5%%K CAL) OB 8 )

)t#Elo #mtkwh/^ 7'n y

ttfm

1 1 2-



1 1 3

Altitude ^ 500m

if,Okhotsk

a

Hokkaido

Sea of Japan

Pacifi'

Kyushu

Ryukyu is

0 4. 2 2 a ( 1 y/day)

8 B ( 1941-1 9 7 0 )



1 1 4

'$zk. Altitude ^ 500m
g# / ^looom

Sea of Japan

y iso

Pacific Ocean

Honshu

Kyushu

/Aaaj»a /
Ryukyu iy

/2oo

El 4. 22 b

1 2^ ( 1941 — 197 0%^:%)



1 1 5

-'//^ Altitude > 500m

Sea of,Okhotsk

Sea of Japan

Pacific Ocean

Honshu

Shikoku

Ryukyu i:

@4. 2 ly/day)

1941 — 1 9 7 0%^-#)



DN/Qg

120 h

160 i—

120 \-

mo r

gi4.2 s DN/Q^) jt

-1 1 6-



1 1 7

Altitude ^ 500m

if,Okhotsk

Hokkaif

Sea of Japan

Honshu

Shikoku

Ryukyu is.,

Ei4.2 4a

8^ ( 19 4 1 — 1 9 7 0%?# )
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(40 /
Sea of,Okhotsk

Sea of Japan

A/ft
Pacific Ocean

Shikoku

Kyushu

Ryukyu Is.

gi4.2 4b

1 2 B ( 1 9 4 1-—1 9 7 )



1 1 9

g| 4. 2 4 c

^ ( 19 4 1~~1 9 7 0 )



-OZ I

BM^ ( r#W@4-e^ V ^ S* Si -4- ) T-I^S Bplrlil Q> ^a<? I G) ^ 6 ^ 9 i 6 I ~ y'O t ^ SZ6I 9f ^0 ^^ Wlf W

(I)

'^^l#^^?^^P/^I06Z#f#BM^^%^(9A6l) T^o^MS

°^#%TY(f96 0 I ^0.

BE# '1^1 'HM-^-G,^^^#f#BEmo)<?|:7lr^ (s

°%%24?%Q

'^WWBemo^z ic^WW^'e+cE^qj: 

°9^^TYcr^9 io,#MB^^

00 E^gg^

'o.# 00T — 0 6G)#MBM^ '^#MBEMG)W8 (T

( 9 A 6 T ) I^ouiqg pus spiqso^ '%##&,/: ^ ^.#f#B#:#a)^ Z ^|g]? Z Z '^^2

°5<$:)_

@ a ^ 'mt

mw^B ............................ 'sm

.......'#%# 'M# '^-#

Z'^ia

°^$^Nrc&r]4WN;:L>,:#34 ^b/Nd '%n?T ^b/Nd ^b<^b

Mo^g^^soo ^bM'SOOOO+Mgo^asoosGgo + ^b/ZZT- = ^b/Nd = ^b/Nd

9^^ (G)

^zi'ia^EZ'Mgi w-^ ' wz %

^8 'i#4-:^ %b/Nd '^m^G)@0@o(nm#

(Q)
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#4. 15a 0. 4kw^%f(=5.7 ly)

mm &

^^giKJsr)
0 6—0 7 07—08 08-09 0 9—10 10—11 1 1—12 12—13 1 3—1 4 14—15 1 5—1 6 1 6—1 7 17—18 18—19 ft

i ft 0 0 7 8.4 1 8 7.0 2 6 9.8 2 8 7.5 2 5 2.8 1 6 7.6 1 4 6.6 2 8.6 0 14183

(1976) 5.7 1 3 8.1 3 3 1.6 4 5 1.1 4 2 8.6 4 5 3.8 4 1 1.1 3 5 3.3 2 7 8.9 1 5 2.6 0 3004.8

T#j l 2.9 24 1.2 3 6 2.6 3 8 4.7 4 3 9.9 4 0 4.5 3 7 2.4 3 6 7.3 3 5 6.7 1 6 9.3 1 7.8 3 12 9.3

ft 1 8.6 3 7 9.3 7 7 2.6 1 0 22.8 1 1 3 8.3 1 1 4 5.8 1 0 3 6.3 8 8 8.2 7 8 2.2 3 5 0.5 1 7.8 7 5 5 2.4

5 6.1 1 1 9.9 1 5 2.9 1 4 9.9 1 6 6.9 1 3 5.2 1 1 8.4 7 1.8 9 5.1 7 7. 3 2 6.2 11 6 9.7

4 ft 0 4 4.9 1 0 7.2 1 3 0.9 1 5 6.4 1 5 8.2 1 1 8.0 7 6.1 4 5.5 2 4.6 0 861.8

(1976) 3 4.2 6 5.9 1 1 6.0 13 6.0 1 1 1.6 1 4 9.8 9 3.3 6 3.7 3 1.6 0 0 8 02.1

ft 9 0.2 2 3 0.7 3 7 6.1 4 1 6.8 4 3 4.9 4 4 3.2 3 2 9.7 2 1 1.6 1 7 2.2 1 0 1.9 2 6.2 2833.6

±.^ 6.1 7 6.2 1 1 8.0 1 2 1.1 1 5 4.5 1 3 6.1 1 1 8.9 1 8 5.8 1 1 8.8 6 3.4 5 5.2 1 6.8 0 1 1 7 0.9

7 ft 0 5 6.3 7 2.0 7 4.3 1 6 6.3 24 1.8 1 6 9.3 1 1 5.5 7 2.5 7 2.9 5 9.8 0 5.9 1 10 6.6

(1976) T#] 7.0 1 1 5.5 2 0 2.6 3 4 0.0 3 74.7 4 5 3.1 4 8 1.4 3 9 3.2 3 2 1.3 2 7 1.3 1 9 8.5 9 6.2 4 3.2 3298.0

ft 1 3.1 2 4 8.0 3 9 2.6 5 3 5.4 6 9 5.5 8 3 1.0 7 6 9.6 6 9 4.5 5 1 2.6 4 0 7.6 3 1 3.5 1 1 3.0 4 9.1 5575.5

Jr.'tJ 1 0 0.2 2 5 6.9 2 9 5.7 3 2 4.2 3 6 4.6 3 0 2.3 4 4 7.2 3 6 6.7 3 0 7.3 2 0 6.7 5.7 2977.5

1 5 2.6 9 7.5 1 1 9.4 2 2 0.6 1 7 2.2 1 1 2.8 1 14.7 7 5.6 5 6.4 1 3.3 0 1035.1

(1975) T#) 6.0 1 2 0.9 1 6 5.1 2 4 9.7 3 0 8.4 3 0 7.4 3 3 6.4 2 9 5.2 1 5 4.5 6 0.8 0 2004.4

ft 1 5 8.8 4 7 5.3 5 8 0.2 7 9 4.5 8 4 5.2 7 2 2.5 8 9 8.3 7 3 7. 5 5 1 8.2 2 8 0.8 5.7 6 0 1 7.0



12 2

#4. 15b 0. 6k%/%f(=8.6

m js #

0 6-0 7 0 7-0 8 0 8—09 0 9—1 0 10-1 1 1 1—1 2 12—1 3 13-14 14—1 5 1 5—1 6 1 6—1 7 17—18 18—1 9 ft

0 0 1 0 6.7 1 5 6.5 1 7 1.6 1 8 3.5 1 1 3.9 6 7.9 0 8 0 0.1

i ft 4 6.3 2 2 1.7 3 5 7.6 4 0 6.9 4 3 9.9 3 7 0.4 3 0 9.6 2 5 2.6 2 6.7 2 4 3 1.1

(1976) T#J 1 3 7.5 3 3 8.5 3 7 1.2 4 2 0.0 3 8 4.6 3 5 9.7 3 4 5.8 3 3 4.3 9 6.6 2 7 8 8.2

ft 1 8 3.8 5 6 0.2 8 3 4.9 9 8 3.4 9 9 6.1 9 1 3.6 7 6 9.3 6 5 4.8 1 2 3.3 6 0 1 9.4

±/B] 8 2.3 1 1 9.7 1 2 9.9 1 6 6.9 1 2 2.4 6 8.3 6 5.0 8 0.4 3 7.0 8 7 1.9

4 n 0 4 6.6 6 8.8 1 1 1.2 1 5 0.6 1 1 8.0 2 7.7 0 0 5 2 2.9

(1976) 3 6.0 9 1.3 1 1 4.4 7 2.5 7 3.7 7 0.3 5 6.6 0 0 5 1 4.8

ft 1 1 8.3 2 5 7.6 3 1 3.1 3 5 0.6 3 4 6.7 2 5 6.6 1 4 9.3 8 0.4 3 7.0 1 9 0 9.6

0 9.6 3 5.6 7 3.3 6 9.2 6 9.8 1 3 8.8 6 4.8 5 6.1 3 5.9 8.8 5 6 1.9

7 ft 2 8.5 2 9.8 3 6.5 1 4 5.0 2 0 0.8 1 4 0.8 4 1.9 1 7.4 5 7. 9 3 7.0 0 7 3 5.6

(1976) 2 7.4 1 5 3.1 2 4 3.9 2 6 9.2 3 6 2.4 4 2 1.5 3 6 5.1 2 9 8.9 2 1 9.7 1 4 2.8 7 5.0 2 5 7 9.0

ft 5 5.9 1 9 2.5 3 1 6.0 4 8 7.5 6 3 2.4 6 3 2.1 5 4 5.8 3 8 1.1 3 3 3.7 2 1 5.7 8 3.8 3 8 7 6.5

±/B) 2 7. 2 1 6 8.5 2 2 5.9 2 4 3.6 3 1 2.8 2 4 6.9 4 1 6.0 3 4 4.0 2 2 5.4 9 2.9 2 3 0 3.2

1 0^ 0 4 6.4 7 7.7 1 9 9.5 16 0.0 9 7.6 9 2 6 7 5 6 4 8.3 0 7 9 7.7

(1975) 0 8.6 1 0 4.8 2 0 8.6 2 4 4.3 2 7 3.4 3.0 0 6 1 8 1.6 8 7.5 0 1 4 0 9.4

2 7.2 2 2 3.5 4 0 8.4 6 5 1.7 7 1 7.1 6 1 7.9 8.0 9 2 6 0 1.2 3 6 1.2 9 2.9 4 5 1 0.3



HI 4. 1 5 c i$S@fiS0 o. 4 kw/m ( = 5. 7 1 y/lOmin) ( T j , h r )

m #
^smKJST)

0 6—0 7 I 0 8—0 9 0 9—10 1 0-11 1 1-1 2 1 2—1 3 1 3—14 1 4—1 5 1 5—1 6 16—17 1 7—18 18—19 it

0 0 1.8 3.3 5.2 5.7 4.3 3.2 3.0 0.7 0 2 7.2

i M 0.2 3.0 6.0 7.3 6.2 6.5 6.2 5.5 4.8 3.5 0 4 9.2

(1976) 0.3 4.7 5.7 5.5 6.0 5.5 5.0 5.3 5.7 3.3 0.5 4 7.5

tj 0.5 7. 7 1 3.5 1 6.1 1 7.4 1 7.7 1 5.5 1 4.0 1 3.5 7.5 0.5 1 2 3.9

_hty 1.3 2.3 2.8 2.7 2.5 2.2 2.2 1.2 1.7 1.7 0.7 2 1.3

4 J! 0 1.0 2.3 2.5 3.0 2.8 2.0 1.5 1.0 0.7 0 1 6.8

(1976) T#) 0.8 1.3 2.2 2.5 2.2 3.0 1.7 1.2 0.7 0 0 1 5.6

n 2.1 4.6 7. 3 7. 7 7.7 8.0 5.9 3.9 3.4 2.4 0.7 5 3.7

tfa) 0.2 2.0 2.7 2.7 3.3 2.8 2.3 3.5 2.3 1.2 1.2 0.7 0 2 4.9

7 ^ 0 1.2 1.5 1.5 2.8 4.0 2.8 2.3 1.7 1. 3 1.2 0 0.2 2 0.5

(1976) Ttu 0.2 2.5 3.7 5.8 6.3 7.3 7.5 6.0 4.8 4.5 3.5 1.8 1.0 5 4.9

0.4 5.7 7.9 1 0.0 1 2.4 1 4.1 1 2.6 1 1.8 8.8 7.0 5.9 2.5 1.2 1 0 0.3

±^} 2.3 5.2 5.2 5.3 5.7 4.7 6.7 5.8 5.7 4.3 0.2 5 1.1

1 1.3 2.0 2.3 3.5 2.7 1.7 1.8 1.2 1.0 0.3 0 1 7.8

(1975) Tto 0.2 2.8 3.2 4.5 5.3 5.3 5.8 5.7 3.2 1.5 0 3 7. 5

J! 3.8 1 0.0 1 0.7 1 3.3 1 3.7 1 1.7 1 4.3 1 2.7 9.9 6.1 0.2 1 0 6.4



124

#4. 1 5 d 6 kw/^ ( = 8. 6 ly/1 Omin ) ( Tg hr)

\^lj( J8T)
0 6—0 7 0 7-0 8 08-09

. T 1 0—1 1 1 1-1 2 12—13 1 3—1 4 14—15 1 5—16 1 6—1 7 1 7—18 18—19 it

0 0 1.7 2.5 2.8 2.8 2.0 1.2 0 1 3.0

i ft 4^ 0.8 3.5 5.3 5.7 6.2 5.2 4.5 4.2 0.5 3 5.9

(1976) T#) 2.3 5.2 5.2 5.5 5.0 4.7 4.8 5.2 1.7 3 9.6

ft 3.1 8.7 1 2.2 1 3.7 1 4.0 1 2.7 1 1.3 1 0.6 2.2 8 8.5

1.5 2.0 2.2 2.5 1.8 1.0 1.0 1.3 0.7 1 4.0

4 ft 4^^ 0 0.8 1.2 1.8 2.7 2.0 0.5 0 0 9.0

(1976) 0.7 1.3 2.0 1.2 1.2 1.2 1.0 0 0 8.6

ft 2.2 4.1 5.4 5.5 5.7 4.2 2.5 1.3 0.7 3 1.6

0 0.2 0.7 1.5 1.2 1.2 2.3 1.2 1.0 0.7 0.2 l 0.2

7 ft 0.5 0.5 0.7 2.3 3.0 2.2 0.7 0.3 1.0 0.7 0 1 1.9

(1976) 0.5 2.5 3.7 4.0 5.3 6.2 5.3 4.3 3.3 2.2 1.3 3 8.6

:ft 1.0 3.2 5.1 7.8 9.5 9.6 8.3 5.8 5.3 3.6 1.5 6 0.7

±^7 0.5 2.8 3.5 3.5 4.5 3.3 6.0 5.3 3.7 1.7 3 4.8

1 4:#) 0 0.8 1.3 3.0 2.3 1.3 1.3 1.2 0.8 0 1 2.0

(1975) T4J 0 0.2 1.8 3.5 4.0 4.5 5.0 3.2 1.5 0 2 3.7

ft 0.5 3.8 6.6 1 0.0 1 0.8 9.1 1 2.3 9.7 6.0 1.7 7 0.5



12 5

4. 1 6 0. 4 kw/7?f ( = 5. 7 1 y/ 1 Omi n) 5° X Tf 0. 6 kw/m ( = 8. 6 1 y/1 Omi n ) ix^yxf)

0 Ms. ° ^# ( SU-Mo )

il DNi, DN2.^#^

H
< 8 m ± 1#

0.4 kw/ ?7i

lx ^ yx

0.6 kw/771

lx -< yx
m

0.4 kw/m2

lx yx

0.6kw/77l

lx -< yx 8 # a
EN/DN CNl/Q DISR/Q Ti/S T2/8 T%/Ti

8/8 o (15 8)

m1 DNg DN Ti t2 Q S h©

1^ (1976) 75.5 XIO^ 60.2X10^ 88.0X10^ 1 2 3.9 8 8.5 73.6 X 10^ 1 64.8 86 68 103 82 7 5 54 7 1 52 3 7.2

4^ (1976) 28.3 19.1 38.3 5 3.7 31.6 8 2D 10 2.8 74 50 35 23 52 3 1 59 30 6 8.0

7^ (1976) 55.8 38.8 73.4 1 00.3 6 0.7 129.6 1 7 3.6 7 6 53 43 30 58 35 61 40 80.0

1 0^ (1975) 60.2 45.1 73.2 106.4 7 0.5 91.4 16 2.7 82 62 66 49 65 43 66 46 50.1

# & kcal/m2 kcal/m kcal/m hr hr kcal/ni hr 0- °h 1o $ # * % # m

4^ 8



#4.i5a-d(t,

%^J, ^^'JK,

* B M#Kz)s o. 4 kwh/y/f ( = 0. 5 7 1 y/min )

. // 0. 6 " ( = 0. 8 6 // )

&, mme^^-c&%o

1, 4. 7, 10 ^(D4^^#/u/Zo

(2) o.4^zrfo.okwh/^

#4. 15 ^ C'k #4. 1 6 'T$)6o

B Mm.^ . 4&,MI O###^ kcal/^f t:% LX & % l 0 3 kWh/m^1 l-i 6 3 kWh/m't t> L>0

I) DNi . DNg

DNK^LX, DN} 7 0 - 9 0 90, DNg^ 5 0- 7 096ol^ K^A.6o 

QK%f6DNi , DNg ##KZ^'C±r1]K^<l:L, ^±#<,

4'[o](D 4 ^ KMf , DN% O^ ###W: 28-^76X10^ kcal/??^ DNg 1 9 — 6 0 x

l0^kcal/^X^%o

ID Ti . Tg

BM^K^f Ti z):50~80 9^, Tg ^3 0 —6 o%(01 DK^A&o

Ti K%f %Tg Oj±#t 6 0 - 7 0 96 X, ##KZ 0 & ^ D^fkLTZ^'1 5 K^A_%o 

^IgOT-fyif^Xl'^.^. T\ 0^###t54 -I24hr, Tg (t32 -89 hr X&&o

El 4.25 #4. 15 ^B#^"<^0#^OB^I:&:^77KL^tOX$)6o ^7

y (O^-Ftop£]f£bt'i, 7 y y°^%j£ K X ~h 4> O XXo -5 o
@4.26 tt,

^y^t(0"C$)6o

@4.25 2:@4.26 @4.26 #4O0K^

±mom^gKZD, o. 5-i#^@m##t6LLnaBK#f%u

4. 1 1. 4

(1) maB#a#^(5)^Zi7(5)' €1, :W@K##%Am#i3^%:W#6^X\,'%:\,'o L^%)^X,

&rm\''7fpjWcL^@4. 2 2 - 4. 2 4 (O'? y 7'K^'X^, ##fO t &Ott#&X& % ' ^0^%#

(2) 0. 4*sZ#0.6kwh/^(OB#^"<^<0#sM$&!#K'0^''Oi, ^f^i%^kf(D7-^K^Lcl<tOX

0:^, —IKK Bm#^0%4 0^#t^#\,^OX^%o <%oa%x&%o

OB j%G#aO^###

1^1 ( 1 9 7 6%) +1 2 96 1 6 #

4^ ( // ) — 3 9 2 2

7 ^ ( // ) — 15 2 2

10^ ( 1 9 7 5%) — 1 ? 1 2
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—X.

(1977)

_X— -X—

(1977)

--X.

(19 76

1 Ofl 

1 97 5 )

HI 4. 2 5 SfeillinESB 0. 4 kw/m ( = 5. 7 1 y/1 Omi n)

*3 X. Vf 0. 6 kw/m ( = 8. 6 1 y/1 Omin )

( )
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i 9 7 5 )^p)^imL±o 

1 9 7 5 %10J! 2: 1 9 7 6 %4^ia.

# # A #

Boes , E , C . , I.J.Hall , R. R. Prairie , R . P . S t rombe rg

and H. E. Anderson ( 19 76 ) : Distribution of direct and total solar 

radiaton availabilities for the USA. Joint Conference , Ameri can 

Section of International Solar Energy Society and Solar Energy 

Society of Canada , Inc , Aug. 1 5—20, 1 9 7 6 , Winni pig , Vo 1, 1, 238 — 263 

Yoshida , S. and S. Shinoki ( 1 9 7 6 ) : Preparation of monthly mean global solar 

radiation maps for Japanese islands. Sunshine Project , pp 4 4.

B*m#%^(l 9 7 7 ) :

•J >Bf BE Weill", BS fn 5 o ^ 3 U

4.12 ±##s ft

4. 1 2. 1 3 & #

±#-C%D±^6 2:^5(0±#^(0^m^#=2:(a. &m±#:±6±l#^7)^m^Kea

me, m#. mm, mm, $#,

a±, ±#^^mL±^am^(og^&u;%^#%K2^(oz 5 o:-< h

^<OEf /& Wtt2%K & hQ

52:2: %K, ##m±l#iP( l.OOOkw %r#^) C2: 2:f 60
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4.1 2.2

AW&ft&a&o

o@#, 8f#m.

za^a^^acm#)

(2) g^K^) 2:0

(3) @^%#0^^/>0:\,^2:o

2:o

© #@#^^^^2:0

##^^2:A,2^/3:^mA^u^o

© m#^^\.^2:o

^^'AkA'C^) % ^ 2:o

±m^(D^##MKZo-C, ##0^, ;7-€»^^2^€,##%:^^^*A''C$)%^2:o 

© !&#%mmdsi-#K#iofi&&2:o

^€)0#mK^#o:mAW.fi'K, ^a%^2:#grf2:0 

© ^€)^W#K^$Jy3:#@K$)%::2:o

^^,3^2:%)#$ L\,'o
© @#m#<DmA^orm^^2:o

4)(DK

® #caa'6#trt\,'&Z:2:o

® ±m0m±^mm^73:\'^2:o

m±?)#3Wm,

#fm##ds2: e>it't\,'%<0"C, 2:o
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0m#

—ASWi'^i:, #KA#%@#;ds%<, 3f:#L

^<omA,

® #bR, m^

wc&d#msK%%m,&T&a&6o

0mA

K'gB(D^#zk@aE^^O,

%^-c,

0 m##

a#KAO%##EdSfc< , fc6^<< AO%g<D@:\''mAdsm$ LV'o

ids/3:6^<yi<, ^-o##(OiS\''mAdsm^LA-

#%%AdsiWo

%"C##dS0l#M0:Ab^'C$)%^2:o 

J^±, Al#^(0—

%\,'d\ $)6@g<0^#ik, #mB^)ds%6^K0:^^, ^(0##m&m^f6^htW#'tr$)6o

4. 1 2. 3 #^€>###<0#^

(i) ##m<om^&

J^TK^femK Zo'Cfr^hdS'tre^o

%*;, d^O#\,'g@##KZc-C#^$^f:#^ds%#^0:c)-C*iO, A#:%K

% Ktt, $ 6K & fub##6&f% lbd^eF@*$K Z ^ 6^'#ds& %o

%^-t,

4. 2 7 (07 o -^.f - b K^f ^ h < ,
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El 4. 2 7 b

- b WKflJ^LMK

Oz'.'o

(2)

oookwO&<o&#^L-C&;0,

1. 0 0 0kw#^^PO^#K(t, 30.00 ^*##100 b^/B^/E'^6

, JWTO ^ 2: < 6o

mas#####!, %

19 4 1%^^ 19 7

iv)
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% ^h /Z % o 

V)

(3)

J^T-C&&o

© @S## ( A:# )

ZLOZSK^'tX&b,

© ( ### ) (0

© jz;m, mo, #JH,

y^^a, ##$-CK%^ r±###%#BT^i%s@5J i 7K#L/^o

a, b, c<D##E#tl, 8####

(07°7<^"VT4^##L, 7^^&r#U"tfjo^%(0'T2$)%o

4.0 o o ha ( 4.0 0 o 75m) b V' 5 D OffjM/O^feL "Ci.'& bbKrs.^>0

1 3 3-



( #15 : ha)

#4.17

m £
iS ffo M a

A B C

ha ha ha ha

8 % 3 0 2 0 5 0

M 9 # E 1 0 6 9 0 7 0 0

1 0 # S 4,0 0 0 4,0 0 0

m 1 9 Oj 8,1 4 0 8,1 4 0

2 0 S » 7 0 0 2,4 9 0 3,1 9 0

m
2 1 K # 6 9 0 1,4 2 0 1,0 9 0 3,2 0 0

2 2 # (51 2 0 0 7,6 6 0 7,8 6 0

i$
2 3 El 3 1 0 3 1 0

2 4 fi 1,5 9 0 1,9 4 0 3 20 3,8 5 0

s
2 5 2 1 0 1,1 0 0 1,3 1 0

2 6 # 6 0 6 0

2 9 1 4 0 1 4 0
m

3 0 # ^ 111 2 0 2 0

e 3 3 m uu 4 0 6 3 0 1 5 0 8 2 0

3 4 e s 1 9 0 2,8 6 0 3,0 5 0
a

3 5 p 8 0 1 4 0 2 20

3 6 # s 3 3 0 2 0 3 5 0
E9

3 7 # Jll 8 2 0 1 0 8 3 0

7 3 0 7 3 0
a

3 9 El 4 7 0 4 7 0

4 0 a [5] 1.3 4 0 6 0 0 1,9 4 0

X
4 1 E % 3 3 0 2,0 4 0 3 0 2,4 0 0

4 2 S m 4 1 0 1,6 7 0 3 0 2,1 1 0

4 3 # # 6 4 0 3,1 6 0 3,8 0 0

m
4 4 E 1 1 0 2,7 2 0 2,8 3 0

4 5 s i# 4 1 0 1,6 3 0 2,0 4 0

4 6 ffi )sll 3,4 5 0 6,3 2 0 9,7 7 0

& tt 1 1,5 2 0 4 8,5 8 0 4,0 9 0 6 4,1 9 0

os# s i #m rz o

-1 3 4-



4 13&5#

#3/J\#A^L-C5 Lt, *-*'7

±#!p(D^mKf5(D

<'%'T##f 7 h

%o

1 3 5—



5 i t id

M4 h#K.

#:#. 80^0 s

t^K ±1#^ ^- (O—2: L "C <D##^ fy "3 y^o

%%o u-cm^

^^%r##hL-C5

#^_%o
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6 ±!®rsn: .6 ©W^fiSc*©t bib ( SgfD4 9 BgfP 51 ^ )

6.1

#KBg^s 0%, 5

^V3^(D^cm@&r5^%y7'K^, e^-Ty7°#K5#KfGCT^#^&r#^##

6.2

(1) #m,

(2) i^'M^^^^ — SM'S 16^ frtyf

(3)

T^#K%#W&%na_%b#K. ^^'b'D^^^JmL'ClOOOkwt

(2) mm, *-*'7^^'^, 7^o%D<, *-

^<4K, %##^%# 1.5 0 0— 2 00 0°c

6.3 Bg^0 5 0 #g(Dfg#&#%j5%^:

K/J^A^&S'oEgtL, ^##K^V3^o^#hfk#&^%r^^i%M7'D-k^Kc»V''%:##

(1)

citt-cw#^#%esK^^-c t±#^K 1 %^m#m
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#2:jt#Ly^(DZ 4'#'D±l#^'D#m(D^rR]^U'&rfj^K4)^

^y^zzyify K, MgO - CaO 3L MgQ-AZgOg, MgO-CrgOg ),

A^gOg -8iOg^( Ay y b ) , Zr g - CaO^ ( ) , A^Og -Cr gOg^, ^gQ-

chromite ±|#!|p€i,###i^##^%6^K$^LyL:o

(2) %(D5^y-y7°K'OV^'-C^^^K^^:f5#@2:^#

^ 1 ^ "T y 7

# 2 ^ T y 7"

# 3 ^ y y y"

# 4 ^ y y 7"

@sz Dm-7U z, x<o#im 

e^u^x^mmzosiHcZg 

8iHC^3 €,##

SiHC^a (0#^KZ%^V 3^0^:

#5y.yyy" :

JbLbfD^# 2 *;! If# 3^y y C k # 5 ^y y 7lti####

^ l If^ 4 y 7°Koi'K(tM#%)^6 ^ "C

h/3: o/^o

(3) fk#^&r^^M7"o-k^-C^|#^KZ%A#*Ax^!>A(D#^. K€)#m, ^<kd(

6.4

*^mhLi:±i#^o#mB%(o^#K-o\,'Ti<k36efTD&(k6,±m±#^oe^#^#. y<

y-y y n KM L K^# 3 /J\#A^Kr#%&fTO^o

(1) *#^Kl%###^#0^#K-O\,'ykK, #K^3y^yKkAy4 I'K#^^#'),

^^ly^KL

7f§<D3^ hd:&#-C&&&

^#&L,

(2) ±#4PKZ%:/V:]y<o%^Kis\,'Ktl5^y-y7"<0cK ^m^#Kmi^yy7'@Sj:D#^V='v€i# 

^hm4^Ty7°8iHC^3 O^#Kl%^V^^(0#m(D2y---7Kjgc^i:K#%^fT^/:o #1 %%IfKm

4 ^y y 7°AK V' U 3 Of###:#%)!>,:%., 8iOg + 15C *#^K j: % ^ V ^ ^ <D^jS%z)^2 0 —

4 0 ^Krm#$K%o 4-#^^#, mm$#^##(D#m^#%M^KZ t) . @SZ 0 %xV

Z D^< . S^B^a^O. 4- o. 6 kw/%f LKtt
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fZ:^KZD^(Dm#^KZ^#m$^yzo 

&#tf &yf#a^KfT;L%

25KaMam<0B*K:k#%#/%

6.5 S

K^2/J\#R^^g(D/J\##R(D,#^^^[]ipc>^%)\ ##AO#^7KZ
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