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colrgIBucrlox ArD oPtsBArIOil
SOIAB FtrRmCE s S?t DIBS

A BIO$ t,tstfEmrrnB
BIATB}IrIL BONOT

rmnoDucrlos

In thla dry of, lbundance of oonvcnttqnel tounort of

Gncr6f, tho dtncot utlltertlon of rolrr redtltlon at tuch

tr oaonort"oelly attrrotlvr onLy undcr cxorpttonal elrcun-

rtlnccr. Ilorcvcrl er rorld ruppltcs of forll fucla arr
axhaulted, thc dtrcct utlllratton of rorc of thr trcmn-
dour quantltloa of .Eorgy rhtoh thr tun tupplhr to thc

errthrr rurf,acc rlll bcom rora attrectlro, Xvrn nsr,

tn sorel of taoletlon fro othcr Gnrrgy toutro.r, thc

uttllaatton of dtroot roler ndtant cnorgy 1r ftn{tag
applloetton. BrarpXcr sf ruch oetcs trc to bc found tn

suoh dtvcmc plaocc ar earth mtrllltm, r.rotc rotrntlflo
lnrtalletlonr, Itf,o ptcr.rv.r rolar ratrn rttllr, rnd reny

roro placcr aII hevl.ng ln conon t rarotrncu frr tora

oonvontlonrl ancrgy !oll!6ct r

An applloatlon of, d!.rrct rolar rtdtetlon hrvlng

Gsonollc advanttgcr, cvGn tn trrlr porrcrrtnt rdrquatr

ruppllcr of oonvcatlonal .norgy courcatr lt tbc hlgh

tuprraturc rolar furneor. fa ruoh I rollr furrueo, tha

rolar redtrnt cncrg, lrptagtng upon e mlrttrrcly lrrtr
ar.t of, thr mrthtr eurfloc ts optleally "oonprrltad" ot

foouaed onto I nuoh rmllcr rurfloo. lnlr utrrlel plrord

at thit foour tr rubJrotcd to vrry atroug hcrtln6. IhtR

or
OF
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0o6 oonstdorr that tha oxtcnnal tclpcraturc of thc tolar
dttc 1g about 6OOOoCr rBd that thc radtaat encrgy frm
thlg htgh-tcnpcrttura lourcc oan bc gutto rcadlly rofoeuo6d

to ylcId tclpcraturc! on ths ordcr of 3OOOOC 1n a readlLy

oontrollcd atnorphcnc, firco fror oontantmntr tuch at

clcotrodc furcr or furnscc rall vlport, and elro f,rcc

frm olcetrleal or lagnctlo flclda, thcn onc roaltzra that .,.//''
a eolar furnaoc haa vcrly attraottvt poatlbllttlcs. /

Inportant appltcattonr to rhtoh thc advantrgcr offorcd

bt tha aolar furaroc appGrr oupocteLly dcrlreblr arc hlgh-

tonprraturo rtudtrr of crt'rcmly oontealnant alnglttvc

lubstlncor. ln outetendtng cralplc of ;uoh a cubrtanoc

ta clcrntal boron.

A ruoareh prograr of rcvoral ycarr duratton har bron

rupportcd at Oncgon Statc Collcgo by thr U. 8. Borax

Bcrcaroh Corporetton. Frofcraor J. Sohulctn and hll rtu-
dantr ov.r thc ycara lrava doycloped a mthod for tho

emrolal pnrparetton of anorphout okmntal boron and

havc rought ttnoo thcn for ooruratelly eppltoable uathodr

for thc prcperatlon of vcry SnrG sr?rtalllac netcrtel frq
thlr omrolrl gradc, elorphouc, clcmntel boron. A rolar
f,urrraot rt th rhloh to ooaduot htgh-trnptreturc rcflnlng
rtudler ric ooattruotcd at plrt of thtr dovclopmnt progran.

Itr urc tt, of 6ourlc, ngt rrrtrtctcd rohly to thmntal
bsron rtudlarl uthcrr tt 1e avatlabl.t to lnyonc havlng a
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reltd utG for ltr tneofar ar tlnc ltnttattonr pcrult.



ADrtmAGE Am U8B8 0r 80lln twnAc[8

Blnor tmprntunr frr bl8h.r thrn ttrr lOO0%

tbcsrattoelly attrtnrblr rtth rolrr furneom rrc rredtly
attr!.rril ln alo elrobrrgr furarolr, loltr funrrsm rpparr

to br of l.tnttrd rlgntf,!.olnor. |lb. f,rmdm frn flm,
shotrodr, ead het furntor rrtrI osntutartlql, thc rem

sf etrorplrrlo eontrol, rad ttn laok of, cbetrtoel or

nmrtla ftcl0r r llrl r0vruteglr potrrticd bf thr roler
furnrcr rhan sotrtmrtrd to thr rom oonrrnttonrl ul,tra-

hlfh tmprnturc rour€rt. It tr poml,blr, by ptop.r

ahotat of furnesi B.octrr, to eturr r rrrpl,r to oonteln

ltr m nltl thue oltrtnattn8 th. mourtty for hfsh

tnprraturrr orustbbr and thr attradrnt onretblc Lntro-

ducr{ hpnritl,m. VlmrrX obrcrvettorr of thr rrrptc ota

br redr oontlnuourly durtrg lurotrattm.
&vlously, tolar f,nrnracr drprd on nmllGht, btnor,

tbry ruffrr fru t mrtrlotrd ttm of opcntlon rrd r
drprndraot upon atrorpbrrto eoadtttenr, ftrlt dtredrra-
tlGce arr offact ts rm crtaat by thr 'tnatrnt bmtlu6E

chrrrotrrlrtlor of thr roler f;urarot, t.t, ao lat hrtXnf
up uld oooltr6 of,f portodr rrr nrgulmd.

Porrtbh eFpltsettonr sf rohr furrrrou am nu, rad

vtrtr6. I frr of thcm lmr rtu0lor of tbt htgh tup.r-
Iturr ohml,rtrly rad ptryrlor of rtel:, rllotr, rofrrotorlol,
ocrul.clr ttrd o.mta, pr.Frrtloa of rpretrl ntrrlrlr for
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ultlronY or soran truRfiAcEs

It la generelly conoeded that Archlnedes, Ln 215 or

2L2 8.C., Has the ftrtt to attaln clevated tcupcnaturet

by tha rcconccntratton of colar radtatlon. He ta raputed

to have burnad the Eouan fleet blockadtng Syracuaa by

focuctrg the sunts rays on the ahtpt (t5rpp.157-158t

231p.3 ). Stntl.arly, Pnocuc, ln 6L4A;D., burnod the

floet bctlegtng Sonatanttnoplc by the use of, bram

ntrrors (16rp.158).

Anothcr carly reoord rcporta the use by the

Athenlans of solar radlatlon oorr"entrated by pol"lshed

goldcn nlrrort to }tght the cccrcd ftrea of Vecta (f6r
p,158). fn the l?tfr ccntu-ry, sn opttctan, one V!.Llctc

of Lyonu, France, construetad tgveral solar furnacee rlth
pollahcd lron nlrronc. lllg furnaoea rere urcd ln France,

Dennark, Perola, Eod other eountr!.cs (41p.53). In L690,

Averant and Fargtont at Florcnoe, Xtaly, uscd a Lange

burntng glaon to cauge a dtauond, prevtously eonetdered

unaltcrable, to dlsappoar (f51p.158). A great nuubcr of
Lcnsee and ooncave alrrort rerc oonatructed durlng thts
sam portod rtth rhtch a large nunbar of fualons and

conburtlons uere atudled (f6:p.158). Ctrca 1?OO,

f. Eohtrnaus reg abla to nslt elate, chtna, talcr ortd

tlle utth a O.9T notsn dtamter lons (f6ap.I58).

In the t8ttr ecntury, Suffon, by aupertnpoalng the



T

tnagea rcf,lcatsd fron a nurbcr of snall flat alrrora, rtl
abte to mlt mtala and ltndlc rood (X;p.53). Ilvotstar,
tn ths LTT0' t rac ablc to etteln terpcratunca of, ebout

3200of b, thc uae of tro lanlar tn scrlca. Itra loncca

rBrG rcfutcd to bo reraly tns plcecl of glacc fillcd rlth
rtnc (4:p.64; 16:p.158)'

ftrc pntent cra of aolar furnaoe tochnslogy rat
uqhcrcd ln rlth thc oonttrtrstton, by Staok and Ecync[ln,

ctroa 1900, of, a suall tro-Ions, adJuatablc aountlng,

cnolord renplc f,urnaoc (l6lp'I5$). In the trcntlca tha

Zahsa Cmptny conttruotcd rcvtral tolar furnaccs of Yarl-

out eoaftgurattonc (71p.915). fhc 0allfornla In;tltuto
of lcehnology ln 1932 eonstructcd a solar furnace ultag

lcnssr and rtrroru (?rp.915).

Stacc Iorld fer XI aoreul doscn colar furnaocl harc

boan conatructed all over the rorld, but prtnclpally tn
Francc and the tBrttcd $tatea. Frtncc has at trcaat B lolar
furruoca lncludtng onc at Bouaarclh, AX,gtero. Rcfcmnoe

ltteraturc llotr BorG ttran trcnty golar f,urnaoet tn the

Unttad States (f3rpp.115-116; 52tp.35i 53tp.55). fablc ]
dcccrlbcs all thc tolan furmccl ln the ltnltad Statot for
rhtoh data arc avatl,able.



Organlzattoa

Furtrecc looatloa
Iurnacc dercrlptlon. f,atn rlnror

ilountlng
ttmor naterlal
Beflecttng ourface

natertel
Bef,lectlng surface
.lpcrture
Focal langth
Rll angle
theoretl.eal lnage

dtamtor
lurlltary nlrnorr

and lengca
fo. of aur. ulrrora
Ho. of, lenrea
Sytten

fraelctrg
Iartnua tcrperatura

obtalnod
Iaxlrtrs fltrx rearured
AvG, Ioea1 oolar oongt.
Bcflscttvlty factor
Etradorlng faetor
Source of lnforuatlon

- TABTE 1

A SrmvEr oF 80IlR truBxAcE XIgrlLIr8rOf,S

A. D. Llttlc, Ine.

Ceubrldge, lle Gs.

Altagr,srth
Copper

3tcll1te
Front
59.5 ln,
25.6 tn.
6oo 15'

0.236 ln.

llone
Ifone

llenutL

Xf, THB ETITtsD 8TA'BTI

irlzon* Stete Collcga

?enpc, lrlzona

Ftrcdi arlr hor1z.
0opper

Altmtnrrn
Frsnt
60 Ln.
29.5 tn.
650

0.238 tn.

fuo
tonc
ileltoltat
Phototubco

1.3 ca],/e* ttrto
T# (cst. ) '

96.4ft
13

3300
300
1.1
T'fiw
13

:I,Y,::?xl(eat)
(trcirosiat )

3



Organlzatton

Furnaos locatlon
Furnacc dcaertptlon

feln rlrror
f,ourrtlng
Itrror uatartal
Btf,lccttyg aurfacc

ratarlgl
Baf,lcetlng curf,ecc
Apqrturc
Focrl longtb
Rtn angla
ftrcorctlcal lnage

dtauter
Auxtltary rtrrora

aad lcntcs
fo. of aur. nltrrorg
Io. of lcneet
Sfrtcn

fracklng
f,arlmrn tcnpcraturc

obtatred
tr8llurn f,ltrx nesurad
Avo. loetl rolar corEt.
Beflcettvlty factor
thtdorlng f,a*tol'
Ssurcc of tafomtLon

fABIA I {eonttnued }

B. F. Ooodrteh Co.
Brtcarch Contar
BroatsrYtllr, Ohto

Altazlmlth
coPPar

Fhodtun
Front
60 tn.
25 8 tn.
5oP

o"24 1rr.

Ionc
Xorp

Phetotubec

Surcau of flnoa

&rgantornp I" Y!,

Altarlmrth
Goppar

Bhodlu:
Front
60 ta.
26 tn.

[onc
Honc

llanua!

2T6a x.

8#
t3

85# ('cat. )9# (est. )
53

rO
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FACTORS TO BE COtrIIDESED T[ THB DBSIOfr

OF A IOIAN FTMNACE

?Ira uany faotorg rhloh havo to ba coasldrrcd tn thc

dcrlgn of a rolar furnacc oen bc clagatftcd tnto four

gcncral oatc6onler: 1) typo of funnaoc, 2) gcolrCItrtoal

oonftguratton, 3) nountlag and traclctngr End l) optloal

and radtant cncrgy ceutdcrattona.

Although all of thc feEtorr rhtah arc dlgouuc{ undcr

I"ndtvldurl cub-hradlngr lhould bc oonrtdcrcd rhGn dttlgn-
tng e rolar furneoo, lt ray bc f,ound, at lt ras tn thr
ealc of thc furneoe rhloh tc thq rubJact of thll thcetue

that f,er altrrnatlvcr arr poralblc lf, thr f,urnloc 1r to br

uacd for a garttoul"ar appltoatton 1n a partloular

gcograRhloal locatlon.

ttm oF rtBnAcE

So ncthod by rhtoh tha tunrs rayr aro oonocntrrtad

drtrmlaor tht type of thc rolar furnaec. Such Gonson-

trrtora era of tro gcaeral typcs l rcfmetlng hntrr or

rcfketlng parabolotdal nlrrom.
Irnr oonccntrator ayrtcna etthsr oen bo slnplc,

etnlhr to a largc roadtag glarrr o! qultc coapllr, ooD-

s!.rttng of aany lcnrcs and plaar nt rroro. Ianr tyttalr
cnJoy llttlo applteatlon et thta t1ro. lhc lcnr furnaoo

at Callfornta Inltttutc of taohnology, bullt ln I93e, 1a
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tha stIY large one nor

(13: pp.1l5-116).

reportcd to be !.n extltcnee

The overryhelnlng naJortty of aolar furrrasea cnpLoy

parabolotdal reflsctlng oonoGntrators of one pleac GoB-

atruotton. Souc vory large sOlar furnaess enploy or1-

antcd flat or curved ulrpor aegrentl to approxtnate a

parabololdal rofleotor turface. Curved utrror lagncnto

arc f,orued by prcr6ur8 loadlng a planc ntrror at

approprtate potntc, front and bsck, to ceuts tho pLane

alrror to bc dcforrmd tnto an apBroxtuatlon of a portlon

of the Burf,aoc of a largc parabolotd. f,oct frequently

thccc aegucnta are aountsd on f,ranerorkE to forn a

parabololdal array. At least one furtago, horever, hag

bccn propoeed rhcretn flat or curvod nlrron regmnta ara

trouRtGd tn tlcnl and roec lndlvtdually so that the lragcr

of al.L tho cegnents ovorlap on thc targct (5ap.7). Omly

reflcotlng eoncGntratora rlll bc frrrthcr dtaauascd ln

dstatl ln thta FEPBT.

oBoffirnrcAL 00m trolrnAtlot{

A great nany geouctrteal conftgurattont ar6 posglbl'e

for aolan furnaces. Appllcd dcalgna arc dotcrtbad belol'

Ihs slaplest poaglblc eonflguratton constlts of a

parabololdal ooncgntrator potnted dlrcotly at the eolar

dtsc, fhc control of the conoontrator posltlon relattvc



n
to the tun tg d!.fftsult tn thls cyoten. Iherc eolld-

ltquld tranaltlons are to be Etudtod, thls systGE 1!

undealrable clnce the meltcd sanple ntll drlp out of

tho focal ohot spotn.

Iherc a plane reflector, callod a heltoltat, la uged

to dlrect the aolar ensrgy tnto the conosntretor lyltcu,
raveral conftgurattong arc posslble. In Ftg.1, a hello-

stat tg uced to dtreat the suntg rays lnto a verttoally

uountcd panabolotdal conecntrator. fhe largest solar

furnaccr nor ln use enploy thta ayatea (41p.56), Thll

funnaee ctllt ta not ldeal for aolld-llqutd atudlec

stnec the mlt rould agatn tend to draln a$ay frou thc

heatgd zone.

Ftg. ? choro I hortsontally nounted parabololdal

utrror tnto rhleh radlant encrsy la oonccntrated by a

heltottat uountEd dlrectly belor thc sonecntrator. She

scparatlon betrccn oonccntrator ond helloatat uust bc 80

X.arge that a torer la necded for nountlng the GonoGn-

trator tf the eonoantrator ts not to ocelude lunllght

fron thc haltoatat. lro exlltlng furnaoes are roported

to ule thta oonflguratlon for uetallurgtcal atudtes,

Table 1.

A third arrangcnent, rhtoh hat the beat featurea of

the tro prevtous eranplet, lc shoun tn Ftg. J. She aol,ar

radtatton 1a dlrected by thc hellostst onto a dlagonally

uounted, Btatlonary rcflactorrthcnee lnto the p6rabolotdal
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Poroboloidol
Concentrotor

Heliostot

FIGURE I

HELIOSTAT- VERTTCAL CONCENTRATOR FURNACE



22

Poroboloidol
Concentrotor

FIGURE 2

HELIOSTAT-HORIZONTAL CONCENTRATOR FURNACE
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Focol point

Focol poinl

)

CASSEGRAINIAN MOUNTING

FIGURE 5

FIGURE 4

STRAUBEL TWO STEP ]TOUNTING
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Focol point

MOUNTING OF LENSES AND MIRRORS

Focol point

FIGURE 7
NEWTONIAN MOUNTING

FIGURE

lncident Roys

Plone Reflector

Poroboloidol
Concenlroior
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conoentrator, Xn thla systen the furnaae cornponents can

all be nountad upon slnple platforns and sttll have the

aanpls Lrradlated upon tta upper surface nhsre a wlt
rtll renatn and not tend to dratn 8ray.

ilany Eore cmplex gygtens, nostly descended fron

telegaopy, havc been uged. 8otrG of these ane presentcd

sahenatteally ln Ftgs. 4, 5r 6, and T.

trOUITTIIE AilD TRACTIilO

TAe mounttng and tracklng of a solar f,urnace are

lnterraLated terus nhoae spectflc appl.lcatlon depend

upon the geonetntcal conflguratton of the aol,an furnace.

If the eoncentrator la contlnuoualy uoved to alrays potnt

at the run, referrad to ag tracktng, the nountlng tern

then rcfgrg to the concentrator. Ifl horever, a plane

ntrror, or helloctat, [E ucad to trask thc tun and

redlreot the radtant energy lnto the statlonary ooncen*

tnator, then the nountlng and tracklng terug appLy to

the hcHostat.

fhe nost aomonly uscd nountLr8 syatem ta the

altazlnuth, frm altltude and azluuth, ftrls lg the

standard type of nlrror nountlng uoed for goarahllghta.

In Ftg. S the altaztnuth uountlng ts aohrnatlaally reprc-

sented. Charger of the nlrror altltude are achlevcd by

rotatlng lt about a horlzontal axlr rhtle azluuth changea
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FIGURE 8

A LTAZ IMUTH MOUNTING



28

FIGURE 9

EOUATORIAL MOUNTING
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are effeoted by rotatton about a vertlcal axta ln the

sane plane as the horlzontaL axlg'

The other type of nounttng, ueed only sllghtly for

solar furnaces and nore oomnonly for ceLestlal telescopea,

ls the equatortal aount!.n8. AB shorn ln Ftg. 9, the equa-

torlal nountlng has four ptvot polnts aLl Lylng 1n the

BaEe lnollnad p1ane. Thts lncllncd planc ts made parsllel

to the axts of rotatton of the earth. Relattve ncchantcal

aouplexlty, undoubtedly, tl regponslble for the wtdcrpread

reJectton of, equator'laL nounttng ln favor of thc altazl-
nuth typo of mounttng.

OPTICAL AlM NADTAilT EXEROY COTSIDERATIOTS FON A SOIAR
FUN!UOB

the dlseuaslon of thc opttoaL dcetgn faetorl rtll dsal

prlnarlly rlth tha tystcn employed 1n the 0regon Etate

Collegc solar furnase. fhla syltem lnoludeg a hellortat,
a statlonary reflector, and a horlzontally nounted parabs-

loldal concentrator (rfg. 3).

Solar Inagc Pormcd By a Pcrfect Parabololdl

A perf,cot parabolotd ls deftned as one rhorc curfaca

ls a Baonctrtcally true parabolold and ta perfcctly reflac-

tlye. Xf guch a parabolold ls almed dlreetly at tha center

of the sunrs dlac, a ctreular composlte lnage 1s forucd at

the focal plane by ref,lccttons fnon all parts of the parab-

olotd. ?htc conpoette tuage oonslsts of a etrcular center



fi
Bortlon of narLanm and uatfore lntrnrltyr thc shot ipot",
rhlsh 1e surrounded by a frlngc of radtell.y drorcattrg

lntenatty. (Scc Flga, 10 end I1.)
fhc mantng and 0tnrnrlonc of, ell prlnolpal rynbola

uard la thc drartngr erd La tho follortng dlacumlon tr?
rumrlaed ln tablc 2.

!rsl& e

TBITCINAI, SXISOIE O{IED

A6 . r . lroa of cll,lptlcel elcmnt.
f,f . r . Arct of hot tpot.
e . . . Parabolold fooel lcagth, ft,
b1 . r . f,tnor txtr of cX.ltpttaal clcmnt.
bg . . . IaJor rrtr of olllpttcal clcmnt.
C . . . Concentrattoa retto of r prrfaot

pareboloLd, dlunatonllal .

Ce . . . Conerntrutt,on retto of, e rolar
frrrnaea, dt,renrlonl.olt .

al r . . Eot tpot dlrnatcr, ft.
E . *.fiatloAftoAc
f r . . ttrratcc festor, dtn;ntlonlcgg.

f ...Fooalbngth
ef . . . Solar ndtatlon lntonrtty upon hot

spot, Btu/aq ft-hr



3r

gt i . . Dtrcot aunrhtnc tntcnslty rt furnaoc

l1te, Btur/rq ft-hr
et r ? . Radtrtlon tntamlty at rurfeoc of !un,

Bturlcq ft-hr
f .r.lcaDcrlturcrolt
y r . . Dl,rteacc frm parabolotd artl.
o( . . . Aqgukr dlrmtcr of ruRra dlro, rtdhnt.

o(r . r . Solar abrorpttvtty of tcat larplo,
dlrnrtonlelg.

e . . . Ealcli,rtty sf tctt llrplc, dlmnrtonltts,

6 . r . Dtrtrnoc frm foool pllnc.

n . . . ltrnaoc otrenlllgctvlty f,totoratr,
I

dlmnrlonlcrl.
f . . . l&orphcrto tnanuttrlvlty.
e . . . Anglc brfiorn pcraboXotd prtnslfl arta

rnd parabolold radtug firm focrl polnt,

dg8rma.

e t . . . 'ktn anglc of parabolotd, dagrccl,

P . . r Parrbolotd radtua frm fooal polnt, ft.
6 . . . 8t.fen-Boltsran oonttlat, Btu/eq ft-hr

(ori ) .

n- . . . Angular dcvtatlon of rcflcctrd l,lght frm
a ruerly plerur ulrror.

fhc dlamtrr of thG hot spot la glrcn byr

d= aO( (r)
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FIGURE !O

IMAGE FORMATION !N A PARABOLOIDAL CONCENTRATOR
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RELATIVE INTENSITIES I N THE SOLAR IilAGE



x
I}rc appertnt anguhr dlanctrr of thc tunrg dlgo 2Q1 2

har an avcrag. veluc of 0'00931 radlan. It vertcr

fron 0.0ro948 radlan tn Jrnuarr, rhGn thc carth la
clorcrt to thc run, to O.OO917 radtan ln July, rhca

tho carth 1r f,arthcrt frsr thc tun (8rp.23). Ilcnoo,

thc hot rpot dtenctor, d, rtll bt rltshtly Xergor tn

January then ln July.

Xhc oonocntratton ratlo, C, produord at tht hot

rpot tr dcftmd ac thG mtlo bcficon thc thcomtleel

rolrn radlattsn tntcnrlty upon tho hot rpot and thc

uaoonccatratod dlroct tunthtnc Lntcntlty tt tho fur-
nroi rltcl

thle retlo tr oeloulatcd ln drtell 1n

rub-rcotton. 8o a olorr approxhatlon, tt
br e etrpll funett oa of thr perabolold rln
tho runrr engukr dtarutut

(e)

tho nrxt

1r found to

angla ard

(3)c - 4 arn2€1o('
IIauoc, for a pcrfaat parebolotd t

es=e1 atrln2 eL (l)

fhc faotor {7tx2 appclrtng la tho abovc cqurtlon htr an

avcragr raluo of 461200, ranglag fron a ltatnun of about
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t{r5o0 tn Jenuary to r rexlnrn of about 4?r5oO tn Jult
(8r p.8S ) . thlr varlettsn crn uurally bc nrghotrd In
drrtgn of a furnaoc.

Xf thc aun te amumd to bc a unlfora rphoro rhoro

rurfeoc rrdlatlon 1s etr rnd tf thr fraotlonal roduo-

tton of dtrcot runahlru tn pamtrg through thc

atroaphrno tr (l-A), 1t oen br ncedtly ahorn thatr

{1 = / *t'*,
&noor cqurtlon ({) ray br axpmtlrd alr

(l)

ef= T qratn2eL (5)

It rtll br nstrd fru thc aborc cguatton thetr ln
thc abroaoc of etnorphcrto trearrleetrtty lolrrl, a

pcrfoct perabolotd of rlr rnglc 9Oo rould produoo a

rrdtetton lntcastty upon thG hot gpot .qutl to tha

radtetton tntrartty of thr ruarl rurfaoc. lllo tt rtlt
bc notcd that a 6tvon parebolold rtthtn tho carthra

atnolphrrr 1111 Produor e redtatlon lntenrlty upon thc

hot rpot rhloh ta dtrcotly proporttonal to thc atror-
phcrlo trrnanttrlvlty frotor, A r lad tndcpcndrnt of
tha runrr dtrtanol. In ran, oasrr thr faotor, A , orn

bc crprotrd to bo rltshtly hlghu tn ruucr tban tn rtn-
tcr, brcauar of thc rhortrr path hngth of runrhlnc



*
through thc ataotphcro et hlghcr angulan rolar

eltttudor.
Drrtvatton of Equatton of Pcrfcot Parrbolol.d
Conoentratton 8atlo

Thc rolar tnago foruad at tho fooal planc by

roflactlon fron the rmtrx of thc perabolotd ts a

olrchr thc "hot tpotu, of dlaustcr, d, atd arca, Af .

Frm cquatlon 1, d=ao( r thcn:

fla2 42Af=

Brfrrrtng to Ftg. 10, tt tr lton that thc fooal

plrnr tregaa forwd by roflcottoa fnoa all othcr polatt

on thc perabolo!.d (rtthln tho rango of solrr furaaoc

dcrtgn) ero c1ltprca, fb. tlltplo forncd at tho foorl
plano by rcflcotton fro thc po!.nt, P, haa thc approxl-

rrtc nlnor end naJor extr dtart:rsl

(r)

bl= Po< , b2

tha retlo Ea bctrcon thc

the clltptc arcr , Ae, 1l fomd

= ?o<' (s)tcos O

hot rpot arGr, lf, aad

to bra

(g)

Itor tf lt ta eaaurcd that thr olltpttoal tna8r tg

of unlforn tntonltty (er lt vary noarly tr, uoopt rt
crtrcnly lergc yaluct of € l, thtn thr fraotlon 86r of

thc totrl radlant cnrrgy rcfkottd frou P lt dlrcotcd

Ee=+=W



tt
to thc hot apot.

Thc oonocntratloa rttlo attatncd by e mall tlng-
thapcd portlon of thr prrabolotd ly1ng at an arUlc €
end boundod by tht ere d I , (rU. E), te ac oonttd-

crcd. ltrc total polrr onrrgy ptr unlt ttn frlltng
upon tblr rtag461td porttsn of tho Fnbolold rtll bc

thr produot of the tno!.6ent dtrcot aunlhlnc tntonrtty
and thc proJoctcd arce of, thc rlng-ahepod portlon t

dq = qldA (ro1

Inrpcotton and oonrtdcratton of Ftg. 12 rhor that

thtr proJcotcd arca dA t.rt

( rr;

ftrc fraotton tsp of, thc total anorgy dq 1r rcflcot-
cd to thc hst ipot. Thc rcrulttng oonccntratlon mtto
prsduscd at thc hot tpot by thc thln ring of thc parabo-

1old 1r:

dqf Be er dAdc=f,=t=t, (u)

subatttuttng fron (l), (g), end (ff1 lato thc abovc

ytcldr t

rln e oor e deI
%at-dc (13 )

Iutogratlng fron thc orntcn of thc parebolold to
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rln anglo d 1 thcn glvct thc barlo equatton for thc

oonosnttrrtton ratlo of e pcrfcot perabol.otd I

c= +s1n2 €La(,-
(rl 1

tlro nurcrloal Eerults of thts sluple rsLatlon, but

oot tha cquatton, havc bccn rorkcd out by Cabanncs and

Io Phat Y1nh, (U:p.820). fhe squltlon ttsclf 1r htd-

drn tn a eoupltcatad dcntvatton by Farbcr and Davtc,

(aIrp.22O). Subrtantially tha oquatlon ltrclf har bccn

atetad tn reocnt pap.r! by Durcr, (attp.?)r and by

Bcnvcnlrtc and fltcrtcr, (71p.9?0). lfhlt cquatlon 1l

dcrlvad upon thc follorlng atsurptloarc

1. thc exeat olllptlcal lmgo dlanstcrt erc

glvcn by cquatlon (8).

2. ttrc lntcnrlty of a glycn elllpttcal lrngc

ta untf,orn ErGr ttr tunfEor.

3. thc cuntr dtsc !.r of untforn tntcnelty,

Fron the rtrrdpolnt of thc engtnocrlng acouraey of

thr bacle oonccntratlon rltto cquatlon (14), tho taao-

oumcicl aontrlbutcd by auunptlono (f) srd (a) aro of

ncBllgtblc lnportaaoo Gvca up to rla anglar of 8Oo

(8rp"88). Thla 1g a h!.ghcr rla ar61l than rould bc

prsctl"oeblc for a aoltr furnaoe . H€nevcr, atttrnptlon
(S), that thc luntc dtro ls of untfore lntcnctty,
orurcr tha baato oonooatratton ratto to bc u1tghtly tn
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crror.
&rc runt r dlro has a grcrtcr tntonrtty rt thc

ccntcr than et tho cdgc. lecordlng to Abettl (1rp.31?),

tte lntcnalty vartea xt,th redlus rmrhat er lhorn tn
trtg. 13. Calaulattonr frm thlg 6ur?. tndloatr thst thr
pcrk latrnalty at thc oontcr of tha lunrc dlra lc absut

25 per ecnt g cater than tho avcrage lntenrlty of the

dtao (8rp.e8). thcy alao lndloatc thet a perfaot D6!ab-

olotd of rtn angla 600 rhould hevo a ooaecntratlon

ratlo approxtrrtctry IO pcr osnt greator then that gtvon

by thc baatc equatton (Xl),

Iagofar ca an actual aoler furaaoc ta oonocrnrd,

the cffect of thla l!.ub-derkanlrg tr nst mocrtsrlX.y tn
the dtrcotlon of tnororstnt thc conolntmtton rrtto of
the furneoc oror that rhtch thc furnaeo rould hsvc lf
thc sunrr dlre r6rq of unl,fom latgnstty. fhr ft*-
darlscntng phonorcuon tGndr $o tncrcare any larser rhloh

nay bo prcront tn thc furnae; rB a result of gcmtrl-
oal lnpcrfoettona of tXrror aurflcea. A! a rclult, a

rolar f,urnacc oporattng tn actuel (ltnU-Ourkencd)

aunrhiuc ray havo etthcn a etlshtly htghor o! a

sltshtly lwcr sonocntnatlon ratto than lt rould harq

lf thc run's dlso rorc of un!.fora lntcntlty (81p.28).
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Allmaner Eor Furnacc Srantulrlton Icprco

An actual parebololdal lolar f,urntou rLll hlvs I
bot rpot of thc mB dlencter as that of a psrfoat

prrebolold, but tha conoantratlon natto, 0a, of the

aatuel f,urnaos rLX,l bc lott thrn thet of tha pcrf,ect

prrabolotd by a ruLtable reduetlon flotor, F, rhtoh la
oallcd thc " furtusc fae toril !

0a = rc (1f)

ftnea, the radlatlon tntrnrt ty luotdcnt upon thG

hst spgt of ar aotuel eolr funuaoo 1r

Qf =erF6brlnt eL (16)

fitla furnaoc frotsr, F, tr thc oltshall pnoduet of

r acrlca of tranattcalvlty f,ectora alloutng for alt aoler

Gnargy loagcs ln trenrlt thsough thc appratuc. fhe

furnasc faetor aay be erpretgcd:

$: lrlarh,.,. r("1 {rz}
lr an llluttrattvc crarplo of thc mrnlng and

apprortntc nagnltudor of thc yrtrtout tranauiarlvtty
feetorr, aonttdcr the oeso of, r thror-ulmor ptnbo-
lstdal funuao e trt ler to thr onc ooortlnrstcd et
&cgon Statr Collcgr. lrtum thet both tho he llottat
and thc ttetloaary raf,lcotor ntrrorl of thc furtuoc trr
bullt up sf, arny lndtvlduatr rogmntr of brok-ellvtrad
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glars. Further, assume that thc aanple holder array

at the hot spot tr supported by aone aort of tower.

The reculttng lossec are brtefLy dlacugsed end

roughly eval.uetcd ln tha paragrapho that follor.
Somc solar enorgy nlll be lost by glaee abaorp-

tlon. lhe eunshlne nust mahe four trtpe through the

glaao: tn and out of the hellostat ntrron and ln

and out of thc Etattonary nl.rror. For clear glareae

* lnoh 1n thloknGsr, of typcs rhtch rould be uaed tn

solar furnace deo[gn, valuca of the glata trangnla-

atvlty faetor, t t, can be expeotod to range fron

about 0.94 to 0.98 per pao6 (8rp,24). fhe exact

valuc, of courre, deponda upon the partloular glaaa

ehosen. Olasa transntaclvltlEa rllL deerease sltghtly
rlth lncreactng tncldent angle of gunshtne upon the

ntrror, a factsr rhtch muot be alXored for ln exact

aalculatlona.

A trananlagtvtty f*cton, 1o, allors for the

reflectlvtty of each at"lvcred surface, Thla factor
r11l vary rtth the quallty of the ellvcrlng, the

rayG length dtstrlbutlon of the lncldent sunohtne,

and ntth Lncldent aWLe of gunahtne upon the aurface.

Reflectlvlty lncreases sltghtly ulth tncreaatng

tnotdent ang1e. A reasonabLc aasumptlon ts ttrat the

surfaec refl.ecttvtty transntsalvtty factsr r1ll. lte



&
tn thc rsrtse of 0.91 A.95 for oaeh slJ.vsred rurface

(8:p.24). lhe rhodlun platcd parabolotdaL ulmor haa

a rsflectlng,t( ,.3, of 0.90 to 0.95 (4lp,lTt.
A tranartaelvlty factonr l ,, for eaeh ntrror 1s

tncluded to allor for the effeot of geomtrlcaX. lnpar-

fcotlonc of the nlrror surfaccs. ?hc tro helloatet

utrror rurfaces 1111 not ba truly plane and parallel,

and llkautsc the atattonary raflector and parabolotdal

concantrator ulrror aurfaeaa rtll not bc cxactly trua.

flrc approprtatc geomtrleal teperfectton tranantsatvlty

factsr rtlt probably ltc ln the nange of, 0,9O - 0.96

per nlrror (8:p .25).

thc next tnaasnlcotvlty factor to be conatdered

lq tha ulrror f,raas ahadtng transnlgalvlty f,aotor,
,fl t, of aaeh nlrror. $tnoe tn thla type of furnace

I

both the statlonary reflector and the hclloatat ptr-
roro are butXt up of, tndtvldual ocgrentl, thcrc 1s a

non-rcflcctlng trGa asaoctated rlth aaoh atmor rcg-

nent. For ccgucnto 1O| lnchcs squarG havtng threc

crpoecd aupport bolt headc and raahers, rtth a elnt-
nuu posslble scparatlon, the non-reflectlng are! ts
about 5 pcr ccnt. Thtg ehadtng auct be taken lnto
aecount for both the hcltostat and the ctatlonary

roflaotor. Reaaonable valucg of the nlrror frare

ahadtng transnlrstvtty f,aetor ohoutrd range betreen



l+5

0.94 and 0.98 pGr Etrror, dcpcndlng upon thG oarc tnd

cxpcnlG takon !.n oonrtruotton dctalls (8rp.25).

f}re ranplc holdGr rppsratua at thg haarth rtll
contrlbutc r ehadtng loca. A rcaaonablc qtttlutc
of thc transrllrlvLty flctor, 1 ", 

to allor for thls
lora ahould ltc ln the ran6r of 0.85 to 0.95, dcpand-

lng, of coumc, on the dcrlgR of thc ganph holdor

ard ttr rlzc rctatlvc to thc rntlrr parabolold (8 t p ,211.

It rhould bc notcd that rhadlng producod ncrr thc ocnton

of thc frabolotd rtll cautG a grcatcr pcrcontaga of

conccntretton drop than thc pcrocntagc of ghadtng.

Thtg cff,cot cen bc calsuletod, end lt r11l bc found

that for e parebolotd of rk anglo 50o, ecntlr thadtng

of, I per eent of thc proJaotod parabslotd arca rlll
produoc noarly a ? pGr cGnt drop tn oonoontretion

{8rp.2!), Stntlar'Iy, a thtn rod along a pembolold

radtua -- to rhteh a torGr lcg la roughly rqutraXcnt

1111 produor a froatcr pcrocntrga ooncantmtton drop

than thc prroonte6r of ohldlng. In thc ctge of, thc

rod parallcl to thc redlua end ortcndtn8 frm ocutrr
to rtl of tha parebol.otd, lt ean bo rbon that, for a

prrabolotd of, r1n anglG 600, onG pcr oent of ahadlng

by thc rod rtLl produoa approrluatcly e L.25 pcr ccnt

drop ln eonocntratlon rrtlo (8rp.25). Tbcao cffcctr
ruat bc allqrd f,on tn oalouletlom. It la rvtdcnt
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tbrt i fururcr thould br ilerl8nad to rcduor rll rhrdlal,
end rrgqolrlly oratcr rhrdtng, to aa abrolutr rtnlnm.

Fturlly, tD rhrt Ery r!.! r dtrtnrrrlngtr;y long

ltrttug of thc lerrm to br *pcotrrl fron thr furnror,
thr rrttrr of rlrror rctmat allgnrnt rhould bt osn*

rtd*cd. Both ttr mltottst rad thc rtetlsnrry
rrfhator lr. tltrmd to br butLt up of reny nrtl
crgnntr. 'lfhalr rgmntr nurt be aaUuted to proprr

rlftnnnt durtag aoartruotlon, rnd tbry srn bc

m*rll"gri only et lntrrrlr onsr th; furaecc tt pleaod

la oprrrtton. Thi qucrtlon mtumlty nrlmrl rtll
thry rtff rllgard? Frobebly, tg rm d;g;mrr thoy rtll
uot. Iteil, rethrr, thlml rtmtnr, ctrtentng opcm-

ttonr, rnd othrr Grutrt oea bo cxFrotrd to thrw rt
lurt rt of thr llrror m6rutr prrtleLtry out of
rltgarnt. Sr 0utgtnr rutt ark to rlnlrln thlt
ftotor, rlro to utl,uatc or rcmum tt, arrd to rllc
for lt. I trrnrnttrivlty f,rotor, T ,, 1r autlped to
etrlm for thLr rffret, rnd ltr vrl,ur tr crtlrrtrd er

fytng brtmcn 0.95 and 0.99 for a rrll*dttlgnrd rad

cerafulty omltnrotrd firnrecc (8rp.25).

Xt nc app.rrr ttut rll tho dcplctlou rffrott rhtoh
rtll lurr thr D.rf,onrnsr of thr hypothtttsrl furnror
u qcprncd rtth r prrf;st p*ebolotd hrvc btrn ooarldu-
r0 rnd foughLy mtlmtodr tltc rartotu trennltrtvtty
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faatorr rhlch hcvc bcon dtraulrcd ert rumntzcd tn
fabls 3. For a thrcc -a!.rror furaaoc of thc typo

arauncd, thr furnloc faetor r11l ht

F = ((crz ( ot ,(r, (* (e To' ( oo T*,

In T* 1(*t (" ) (rs)

In thc abovr fitrrttton tht rubaorlptr l, 2t tnd 3,

rrfcr to thr hrllsatatr thr rtattonary ntrror ed thc

parrbololdal rtrrw rrspcotlvlly. f,o rtrglo lorr tr
ororbttant, but thc oonbtrutlon of, .ell of thrr rrduerc

thr furnecc pcrf,oruenot vGny rtgnlf,toantly brlo that of

a p.rftot parebolsld. 0oebtnlng all thc lon rrttretcr
of thc vtrLour trmulsrlvlty feotora reaultr tn a fi,rr-
nlcr froton of 0.32I embLnlrg ell thc hlgh rttlnrfic
rcrultr tn r filrnegc feotor of O.60, A rtmonably rcll
dulgncd thrc-rlrtror perrboletdal firrnaoc rhould

orhtblt I f,ururoc frctor rmrborc rlthln thlurung.,
and rtth vcry eeroful dattgn thr valum B.ar thr top of

thr railgr rtgbt br attatn d.
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SyaboI

TABIE 3

IIPICAL SnArgmSSMrr FACTmS FOR A
THN$&.IIRRON PANABOIOIIIAL TImXACE

Feotor

(,

(rta
4,t
(a

tlt
4?.

(a

Ol.eta trantutlatvlty, pGr pts, .gl
$urfaae rsflcstlvtty, pcr turfaoc .9L

Bhdlun rcflccttvtty, pcn aurfeoc .90

0omtrtaal tnpcrfccttonr por

rlrror .90

l{lrror frum thadtng, pcr elmor .94

![oer thedlng .85

Allgnncnt faotor .95

Ovcra1l, furnaoc fuotor, F. .3e

Erttletcd
Yal,uo

I,o fitgh

.98

.95

,95

.*

.98

.95

,99

,62

Slg. fI pmrcnte thc conccntratton rattoc rhloh oan

bo attalnod rlth parabolotdt of vertour rln anglac and

;tth furnacc frotom ranglrrg fron 0.30 to 0.60.

tarlnus tcrporeturor Attetnablc Hlth Solar Furnaoea

Thr rarlnu tcrpcraturo! rhtoh oan bc ettalncd by a
ralplc rhotc orpocod frco Ltcg ln tho focel Flenr at thc

hot rpot of, e gtvcn furnree depcnds upon thr dtrcot lun-
ghlna lntoaelttr at tht rtte, thc oonotntratlon ratto of
thc furnacc, and the rclatlon botrocn ths rolar abaorp-

tlvlty and sntrstvtty of tho tanplo.
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fha aslt logloal aolar furnroc altnat!.o arce

ln thc lkrltcd Stetcr lr tmcrhcrc ln thr Southrtrt
(8rp.26). Utthln thtt lrca dlreot runrhlnc tntcn-

rlty EGlrurcEGnta at prcrcnt aro uldc rcgularly rt
threo atattonr: Tablc Hountrin, Celtfornta (rbout

60 ntlrt nortlrott of San Brrnardtno)l AlbuquuguG,

ilcr l&rtoo, trad fuouoa, Srlgont. fbc reoorda frou
thc flrlt tro of thc;o ctettsna havc bccn rogularly
publ,lrhd (8rp.?5) for lor. ttu, and aervr oa r
baatc for englrrrrtng oatkatca fon othcr Locottonc.

t?ptoal valuca for 1955 arr shsrn tn trtg. 15. rtrc

leblc tounteln rtatton lt locatcd at an rlavatlon of

75OO fcct ln a cl,car nountalnous arca. Dircot run-

rhlna tntonrttlcr rrportcd f,ron thll rtetton cln bc

takcn ae typtaal af therc rhtoh rtght bt oxpccted et
t furnacc attc choson prrdontnrntly for htgh aunahtm

lntcnrtttor. firc AlbnguclEu. pyrhcllmotrto rtatton
1r locatcd at thr olty atrpsrt. Althoryh thr clcva-
tlon te 55OO frct (rhlatr ta fevorablc to obtrl.nlng

rolattvcX.y htgh rolar tntcnttttct ) ttrc Looatlon lc
nottorabtry dutty end ooqaltoaally amrrhat anokSr.

It ts bcllcvcd thrt lunthtnc tntrnslttca rt loatt al
ht6b ar thorc found et thlr atltton aan bc crpcctcd

tn nort of thc vallcy lrtlr of tho Southroat. fn thc

olreru vallcy arGas dlrrct tunthlne lntcnalttcg
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TYPICAL MEASURED DIRECT SUNSHINE INTENSITIES
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tmGnhrt hlghcr than thorc rcportcd frou ALbuqucrquc

orn prsbably bo crpcotcd falrly rogularly.
Bcaod on F1g. 15 and rlullar datar tht follortng

trr oonrldcrcd to ba raronahlc ongtnerrtrg catlnatct
of, rorllng valuet of dlrcot runtblnc lntcnalttcr to
br cxprotcd tn thc southrrrt (8rp.?6)r

Hlgh-clcvatlon nountrln-ar.a Locatlons

ohoecn prtnartly for hlgh tolar lntrntlttrel
Oooallonal poak valuc . . . . 360Btu/rg.ft-hr.
Iorklng valuc rhlah ean

bc rogularly c:pootcd . . . . !29 Btu/sq.ft-hn
Avlraga toutbrcttorn looattonl

Iorklng valuc rhlch oan br

rcgulerly cxpootcd (aud

fairly oftan cxoccdcd ). , r . 260 Btur/rg.f,t-hn

Duc to thc unavetlabXtltf of date portalalng rpGotft-
oally to Corvrllll, Orrgon, the aolar radlatton
tntcnatty of e6O Stuftq.ft-hr. oerarpoadtng to avlragt
aouthrortam J.ooatlont 1r arlrnrd to rpply falrly rcLl
fsr ruoh r rmt.ln Orgon losatlon dunlag favoreblc
prrtodt.

tho "bolto rorklng looatton for r golar furnaco 1l
of eourao not ncccllarlly llnply th: otu rlth thc htgb-

oet tntonrtty of dlroct tunrhtnc, Condltlons of
oloudlncm and eonvtnlcut lcccrrlbtllty nuat allo bt
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ooarldGrad.

In addttton to crtlrrttng dtrtot runthtnr lntcR-
rtty tt thr tttcl tt l,l ncstilarf ln crttratlng
rertnu rttetnebla t*npamturcr to eomldrr thc son-

oratretloa retto of thr firrr:lcl, and thr roter
rbrorpttvtty and tlbr tuttrLvlty of thc ;arplr undcr

tttt,
Iu rray errrl tt tr rcaronebh to unrr thet thr

nrDlr rtll 11r rttht n thr hot rpot rt thr foeal plenr

end tbat by far thr l*grrt portlon of thr urgh hart
lotr rtrll bc by rrdltatlm frm thr flent (araund
plenc ) frer of thr mrplp. trn ruch I olr. tnoortng
lunrbtm hret Eri.n nry br rgurtcd to orrtgotng redl-
ettoa loctr

o(r ca{r =(6{ (r9}

or eolvlrg f,on Tl

{80)

ff th. furthor ernrnptt on tr nadc thrt thc reaph
rbrorpttvtty tt aqual to Ltt rrtmlvlty, tht rguatton
blocla r

r = (" ')yt (er)wt
ft6. X6 1r a ptrot of th. eDovc cqurtlon. Xt

r= c-5"1
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prctcntr t good approxlmtlon to thc narlnun

tcuporeturor attalmbla by ranpha at ttrc hot rpot

ln the foaal plano of, a aolen furnroc.

thc arsunptlon thrt abrorpttvlty le equel to

rnltatvtty te ;notLy trur tf, thc mrplc torpcraturc

ls rqual to thc roursc brnp*retlup!. It tonds to br

approrlnahtry trus ln oasc of rolar furaaoc rauplrt
opcrattng at a vcry htsh tcnpcraturc, al ruch aaaplcr

erc approechtng (vtry roughly) ttra apparont trnpcr-
eturc of tho lrtrt, A1ror tn dof,rntc of the epproxtna-

tlon lnvolvod tn dcterulntng sanplc itrpcraturc
through the aarunptton thlt abrorpttvlty 1a oqual to
cntulvtty, lt tg to bc notcd thet thc fourth-poror

rclattoashtp tn cquatton (e0) tr auoh that a gtvcn

pcnarntagc irror 1a thc ratlo 4, /e rtll producc

only about ona*fourth ar lergc a pcreeutaga crror ln
tho valur of f (8rp.2T), All ln all, thtr oquatton

glvca an lrttnatt of thc uartaun tonpcraturar attatn-
ablc both by nany typcg of aaupha pleecd at ttrc hot

lpot of a furnaoc and by blaolcbody eavltlct oponlng

to thc hot lpot.
It rlll bo notod frm trLg, 14 that aoler f,urnaor

conotatratton ratlos of 20rOOO or ovGr appaar prno-

ttoably attalneblc, and fror 819. 16, 1t appcera that
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ruoh Goncontratton rattol rhould prsduoa leltmrn

taapcrttura! ln croctl of 4rOOO C. Conocntretlon

ratlor end tcnportGur.! of, thtt negntluOo 'have not

boaa rrported f,or any prcltnt rolar furalse. $uoh

trnpcraturot n18ht br atttlncd rlth a lolar furtuocl

provtdod that 8trcat oa$l tl takan Ln dcrlgnlng tho

furnaoc to tho ntocttirlly htsh furtaoa faotor.

Flrrx Dtltrtbutloa ilren Tha Fooel Plenc

An lnportrnt oonltdlretlsn ln thl oporatlon of e

rolar furntot 1r thc raqutrcd aeoutraey tn poalttonlng

thc ra;ph lnto thc cxaot foour of, tht prrrbslotdaX,

oonocutrttor tn order to obtrln raxlml.u tar8ct tcupora-

turcc. Anothcr ooaatdrretton lc tho poectblllty of

prrrpomly drfocustng thr reuplc to oontrol thr lasole-

ttoaal tntrnrtty erdr hcnoo, thc eauplr tcepcneturG r

A knqlrdgc of thr hret flur noar thc fooal plaac

rnablot onc to ovaluatc thc;r opcrettoaal arpcotl of a

roXar filrntoc.
!tS. 1? (tgrp.96) rhua tbc f,lur dlttrlbutton f,or

plantr Erellol to tad ntir thc focal pLanc of e perab-

olotdatr cenorntrrtor hartng a rtu angla of, 600, rhcrt

thc dt.ltrnc.t' lt 6 r and dr arc dcf,lnrd tB rU. XB and

'lf,ablo 3.
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fn FU. lg, tha o{utltbrtrur tcnponture attatnabto
by a blaok boily lortng onrrgy onLy by rndtatlon frm t ta
faoc tr dcplotcd fsr furaacc factora, p, of L.@ and

o.5l (rgr p.gT).

A fcr rrnerEc egacrrratng Ftg. 19 aro 1n ordsr.
Ftrrt, thr raptd 0csmasc of thc tenpcraturu rhteh e
targot oen ettatn rhon tt ta roved fron thc foarl planc

by e dlctanoc of otro run l.ngc dtaactcr rhould bc no-

ttocd. Although tht"t dtrtenac le only approxlnetcly
o.al2 lnohcr for a 60 tnorr, 6o0 rln anglc sohr fumaec,
euplrcd rtth e fooal lcngth f,or the furuoo of, p6

lnohcr, thc attatnabLc tergot tcnpcraturc doorcercr by

about lrOOOoC rhsn thc tugct tr rovcd thla urch off
fooua, 8goon0, fron thc ahapr of tho culxra tt oan bc

rc.n thrt ta ord;r to obtrln a tcnpcraturc rlthln 5 per

oont of tbo ;rtrlnn attetnable tcaDeratrtor tha targrt
nuct br pleccd rtrthln r dtrtanoG sf epproxtratcly onG-

hrlf sun tugr dtemtrr. frm tho focar ptenc, rhloh tn
thlr cclo tt epprortnatcly O.lAl tnohoe. It ahould bc

notcd thet the arca of, naxtmrn hcat f,hrx dccrollcr
nottocrbly rhcn thc targot tr dhplaocd cvon by thtr
anount. Ako, for frrrnaocr of raallor llrcr, tho rlzr
of, thc run lnago drorcaaorr and thcrcforc thcac d1r-
tenocg dcorctgo,
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ovEnALL DBSIOIr COffSXnBnATXOilS tr08 tHE
ONEOOT STATB COIJAOB SOIdN FIMilACE

$ro Oregon State Collcga tolar furaaoc proJoot rer
lnltlatcd ln an affort to obtaln e rouroc of hlgh-tcrpor-
aturc hcat, frcc frol ths contutnantr arsoelatcd rlth
Eoro c@on hlgh-tcnpcraturc touroo! ruch rl f,Lamr and

alcctrlc tral, Ttrtt frcodstr fron conteutnetloa rat
drsLrod for hlgh-tenpsratur. atudles of cyrtcaa rhtoh

erc rGrlr renrltlve to th. praecneo of contantnantt.

In plrtlcular lt rar dcrtred to ba eblc to ralt and

attolpt tono rcftntng and grmth of rroro-llzod cryatalr
of rlomntsl boron. A vorlr lncrt lnvtronnrnt 1r roqulnd
for eny htsh taupcrattrre rtudtcl of clomntal boron ttnor
et rhvatod terperetur.t lt coublncr rcadlly rtth orygcn,

nltrogcn, earbonr EDd rofraetory lotrl vtpor!, ato. Ihe

rolar furnaec tr abl,r to provtdo guoh tntogrlty of otror-
Bhorto onvtrornnt through thr uat of, e glera cnrclopr

around thc tenplc. ttrla envclopc oan bc rvaouatod or

f tllcd rtth an luert Str i! aodltlon! rlrrrat,
fo lnrunc that no oontettnantl erc tntroduoorl lnto r

ranptrc bctng mltcd frm tbc voarcl oontetnlng thc mlt,
thc unpb rap uadc to provtdo tto cn mlt eontilrncnt.
To aehtcvo thlr ond tho parabsloldal ooneontrator nX.rron

tr lountcd rtth lta axtc vcrttoal, f,aetng dmnrar,6. fhe

rryr of radtant rrurgy arc thur dtreetcd to a lpot on thc
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upD.r frct of a lrrph rountrd rt thr fooul r! lhfin tn
flg. 3. Uhrn thr rrttrtrl, rt tho f,osur 1l fulrd tlr mtrt

tr omtelnrd by thr sopltrr r*rfured rtlrtrl rurouadlry

thr foorl nhot tpotu,

lftrr runtr myl mo {ltnotr{ up tnto ttr puebeloLdrl

rrf,bator b, r dtr$omlly tncllmd planr rlrnor plro*it

bcnrtb lt. llkr aaaf t rryt am dtrrotr{ oato thl lncltnrd
plrn rlrror bt e rsvtrbtrr pltnr lL:lror, thr hrltslttt, l,
ahcn la 116. 3.

lhtl thmr.rtrror drll8a hm thr dlrrdYentelp of

hrytag tlrrtrr rrfLrottv; lnd trenuLlllt mdlrnt rmrftr
lomr latlr hlnol, lmr rrxtnn attrlnrblr tmprmtumr
thrn Ehr rcrr oilroa onr rd tro nlrror fnrnrolt r It rm
filtr hmrrrr, thrt th. .alc of nrpb oontatnnat po-
rlftd by thtr tfpr of f,umrsl rhln arpcrd rlth mroh

ecpLrlttrr tr lptrmtnB 'boblmur" orrltlrs (lSlP.153)r

rnd pmmd buttmr muatrd on rrf,rrotorir mdr (ltrp.0?),

rhtch rrr Lahrrtt ln rn, tr lgutd pharo rttdtlr urlry 8or0-

oratrrtur thrt do aot oonvrr6r damrrd o,nto tbt mrplcr

mr. thrn G*p.mrtm for thlr rltght lcrrlaG of, thr

nrlnn rttrturbb tmF&trilit.
lhr lrctrto lrteut of thc rotrer furnrsr 1r rhou

ta tlg. 2O. ttta furnrar layout rer lnrptred by thrt of

tttr rolrr f.tu'naor butlt rnd sprntrd by U. I' tuddlnhu

of th trraHsott Copptr Co. tn Selt I.h Gttr, Utrh. trhtl
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firrnrer 1r notr hqlyor, a dtrcot oopf r ?h ongLnrorlng

of, lndtrtdual eorponratr tr rmhdly Off,rmnt ln rcrt
olrrlr, lfhtr tt dua to arylrll, oaumr t rn cff,ort rra
redr to lrDrovc rhortoml.ngr ln the orlglnel tr ealrnonl-

rdtrd by fuddcnhrl rt al, ;brF.vir poratbh urtrrlrlr
almdy pou.rr.d by thr oolbgc nr. utlltredr lrdr
pcrhrp noct tnportant].y, an cHot oopy rat not dcrtr*
ablc rlaoo llttb dcrtgn and dcvclopunt orDrrlrnec

oould br tatnad f,ron suoh a proJcot .von tf dctrllad
planc had bltn evetlrblc.

?lrt um of only one planc nlrror, a nsvcablc

hclloatat, dtrcottng thc rohr !'ryr up tnto a perebo-

lotdsl csnoqntrator aountod hortgontrlly on a toncr at
ln Ftg. 2 rrr rcJcotcd duo to tha srf,aty haserd and thG

crtonttvo eonrtructlon roqulrod.

thc rolar furnecc tt locrtcd on thc roof of the

Onogon Stato Colll6r Shculoal Bngtruorlag Bulldtng.

fUla locatton rar thc only l.ogtoal ohotoc tn thet no

othcr avelXablo rFet rar ruttablc. In thls loortton

thc runrr rryr havc unobrtruEtcd lccott to thi rolar
furnect hollortat aftcr uld-lomtng tnd uuttl letc
aft*nosn tn thc aprtq6, ruuor, and carly fal}. In tbt
;tntar thc htlloatet rould bc partlally shadqrd by thc

pcnthourc and thc aolar furnaoc butldlng .roGpt rhra
viry nGtr gentth. fn actual uta, horovcr, thc runte riyt
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rrcr rlrlrr E$flrr{iltilil ilnrtnf tfir ttrr frr rclrr
lnhr.ittm rrl trrrt rElrCh to rtLlril bf|b tffilrr-
mtlr !,.tt tb fstr w ftvr hfiril rlurtnf th rtfllr of
rlmr rFl!& rffi!; rnf rmlf fr.lt &fr. Dur to tfir
rfttrla Ht sllrrtl ttrr rclfr fulecr hrr Eot Dra
sDarltill fillf,3 tbr lrtr frll rd riatrt mtLr.
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msxfl{ Am coilsrtsucTlCI]{ oF soran runmcB conpottsil[s

Thc Oregon Stete Col,l,cge rolar furnaec har u r
nuoloul r ;ar rurplur lcarrohllght. Tho parabolotdal

rcfloetor of thr rcarohlLght aorvct aB thc baato oon*

rtruottoa slcront of thc folan furnace, thc conoantrttor.

tha yoh rhlolr rupportrd ths rsarchltght and pnovlded

f,rccdon of rotatton abEut hortaontal and vcrtlcal arcr
nfl pcrforra a rlnllar funotlon fon thc htltoatat. thc

aro aupport pylon nw rupportr thc tanplc holder orray.
fo thcrcr othcr ratsrtalr hava bccn addcd to foru tho

varloul ompononta rhlch nahr up thc rolar furnaoo.

ttrc funetlon dtrtgn ard conatructton of caoh of thecc

omponcnta arc lndlvtduatly dltouelcd ln thc cnrutrlg

tcgtlong.

cousErtnAr0n

ftrc parabololdal roflcotor of, the rcarohl,lght rhteh

rarri! to fooua thc rryr of tbr tun onto tha aanptrc ts

nade of rhodtun pl,atod cleotroformd oopp.r. It ta 60

tnobcr ln dlauctcr, har a focal length of 26 tnohct, a

rtr en6lo of 600 erd ls nsuntod ln a cast alurlnru houttng.

fhc optloc of thla frabolotdal nlrror ara dtrourtod fur-
thcr tn thc appcndtx.

?hr oaat eluntntu alrnor houctag 1g nounted ou a

Flatf,ors construotcd of 4 tnch bollcr tublng upnlghto,
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I taeh blrof lron p19. orolt bRsm end I taoh I'bul
srfflr beur. 111 pertl rtr Jotreit by rhotrlc tro rtldt.
lho ri,r of tht rlrrrlnrn hourLn8 tr thur rupportr{ abort

6 frrt of,f thr floor. Srr r!,rror rLl 1r rbout 18 tnotrr
eborr thn rlr ef thr hsullrr8 o! tfl 8.5 f,rtt rbtvr thr
floor. t photqrrph trba durl,n8 rn rarly rtrgr of cotr-

rtmotloa lr ;bmn tu ttg. 81.

lhr rotergulrr holr rhtob orn bc te.D ln ftg. ?tr

ml ctrt ta thc smt tlurlnun bouring to provtdr opmrtor

rcolrr to thr fooel tpot for ;r:pb lotdlru end unlotdlns

pulpsrr. A somt{tr rdJrsrnt to thtr holr hrr bma ftb-
rtcrtcil of, BLlrood te provtdr a ;orlrtng trtl fsr pmFtrt-

tloa rni lmdtnB of ;uDlm.
I rtrnC rhtoh tllcr tht ofrrtor rery too.tt to tltc

rorf&r3 r!!r 1, fttE tn ttC. 22. thll ttrad tr rbsut 3

frt hllt rLtb tB lach rldc bo*rdr te prrvrat droppr{

tootrr1 tto. fror bomotrg onto thr ltrttonrry rl,mor and

to rl,ntrlrr thc porrlDtXtty of, thc oplrltor Lardvertrntly

rtepplng eff en cu{ of thr plrtforr. ft tr aoartmetld

o'f plfrcod plnrllB rountrd on I frrror[ rldrd uP of

fl fnsb rq8lr lron. I rhrlf bcnreth th op.mtore foot-
board mpportt thr grr rrrttt viguut ptrp.

ElrtloxanY nBtrIslm

ltr dlrgomll' lncltard ttrttonrr.:f rlnor rtdlmatr
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FIGURE 2!

COilCE'IITRATOR HOUSING ANO SUPPORT PLATFORM



69

FIGURE 22
OPERATOR STAND AND VACUU]UI PUMP SHELF



B
thc rolrr rrdlrtton brlng rrflrotrd to lt frm tlr
hrltortrt up lnto tlr fmbololdrl eosotntretor m rhcn
ln ttg. 00. It lt tlte6ourlly tnollmd to thr horlrontel

rt u rnglr of, rbout l5o. If ltr bare rdgr rud that of

thr hrtlortat mrc on thc ran ltvcl, ttc aosL of Lnstrl-

artloa rould br l5o, Etnor tbr hrllootrt brlr rdsr tt
thr hl6hrr of thr tuo, thg rntL of laol!.nrttoa rrgulmd
to refl,rot thc tuntr tiryr rrrttcrlly 1r rltgbtly lmt
then l5o. AdJurtuat of thtr ragtrr ,f f*Unrtl,oa !.r

rffor-dtd bl rtfuttrblr frqth lrgr famd of oolrotatili
plpir rtth lactslag boltr for flxtng thrlr mlrtlrr
po!tttonr,

fhr ovetr ruplrtrpomd qpon tb. sohrntlo [lpfilrn-
trtton of thr feor of thr rtrttonary rrfl,rotor ln ttS, 23

llpr.rontt th. proJrstlon of thc rtr of thr 5 fcet dl.rr;-
tcr ooaorntmtor llrrotr ugon thc rtrtlonrr, rfkotor.
tlr rlrr"or rgrcntt rh!.oh ffll rll or nrrtlt lato thtr
oyal rri thur thr only ooc! rhtsh oontrlbutt to tbr
rrfhotlon of mdtant rmrty rhlsh qtrtlrrt ly rrrtytt it
thr fooul. Thc llght rcfhotrd fron prrtphrnl porlttoar

of thr prr*bolo!.drl rrfbetor Lr lctr rffrotlv. oB a flrt
tamrt tbra thrt reflrotrd frm mlr tha crutcr of thc
ptrrbololdrtr etrror dur to thr rarlrtlonr ln flur dtltrl-
button drartty t"n thr fosetr plrtr lt duorlb.d Ln thr
roetton, Dcrtrrtlon of trquettoa of Fufrot Perrbolold

Cemtatrrtlon Brtts. thur mottoan of thr dlagoael.
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r.flsctor rhlch corrotpond to porLpheral portlonl of thc

perabololdal rcflector rako lclrer contrlbuttonr to thc

conocntratton of radtant oncrgy ln thc focal apot propcr

than do thoae ccetlont oorralpondlng to tnncr porttonl of

ths parabolotdal nlrnon. In ordcr to opttntrc tha pcl-

fomenoc obtalnablr rtth tho oonatdcrably non-pLaner

platc glerc nlrnorr at hand, tholc hnrtng leaeor dcvl-

attonr fron planartty rcrc placcd ln ocnter porltlonl,

and thore havlag progr.tslvely Srcatcr dcvtattons f,ror

pl.anartty rGrc ptraocd prqrsttlvsly farthcr fron the

contcr potltlons.

Thc prcasnt dett6n of tho ltattonary rcflcotor al

dctcrtbcd hcrc ls qulte dlffcrcnt than thc orlgtnal

dortgn rt rcgord; the nlrror tagrGnta and thelr nouRt-

lngo, tho orlgtnal dcrlgn and rn tnterln '' pllot" stagc

of the prctsnt dattgn are doscrlbed ln the Appcndlx.

fho baalo trlanguJ.ar trugr franpronk of thc alrror
cupportlng rtructure can bo ttcn ln Flg. 2L. It tr
conrtructcd of all roldod lt fnatr angle lron. To thts

baslo francrork an auxlllary flat, f1cxlble f,ransxorlc

of * lnch by fl tnoh ehannsl tron tt fattcncd rlth
oountcr aunk stovc boltr at froquont lntcrvalr. fhc

bacie fnarorork provtdtr rtgtd rupport to thc l15ht

aurlllary franorork rhlch la urdo approxtuatcly pla.nar

by tlro uro of ahlr: undcr thc attaohmnt ltovc bolta.
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fhc rllght rcnalntng dtvlattonl fron pLanailty arc

rtthln thr adJurtmnt ranEc of ths alrror nounttng

bolts.
fhe alrror ttgrGntl lrc nountrd at thrcg polnts

Ir ahorn ln Flg. 24, fht atatnlcro atcrl lounttng

boltr and rprlngr and thclr gcomtry arc alro 111ur-

tratcd tn F1g. 24. Tho thrce tepcrcd hcLloat, rprlngg

rupportlng cach mtrror rtgnrnt aLlu rcady adJustucnt

of hrtht and anglcr of tho rtrror tcgront relattvo

to thr framrork by turnlng of thc nouattng bolta

rtthln tbr thrcadcd nounttng holct tn tbt euxtllary

frercrork. fte f,lnal adJustrcnt to oo-plenarlty of

tha ntrron aogmnta ls dlrouracd furthcr ln thc tGo-

tlon Allgnmnt AdJuatrntr of the Plsmr lltrrort.
thc alnrorr of both thtt roflostor rnd tho hrlloet'at

are Doublo 0 fra}lcl, ground plrtc glara, baots rtl-
vorcd, I lnoh thlok.

ITELI6TAT

A hollortet of thc aXtegtnuth typc rhtoh la to
raf,lcot thc rolar rayt onto tho ctatloaary rcflaotor
lnd hcnoe lnto thc parebolotdal ooaosntrator rurt
centlnuoully vary Ltr eaglc to thc hortsontelr or

altltudo atrglc, end to tho north-couth phnc, or

erlnrth anglcr !! thc ;un travcmor thc eky. A
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l-l/2"X l/2" X l/8"
Chonnel iron with
threoded holes

MOUNTING OF MIRROR SEGMENTS



1'
dtaourrloo of thlt rltrrlnrth rountlng el oontrutrd

to th. rqurtortrl typr 1r StYra ln thr mattsar

Ormrtrtsal Couftgunetlon. fhll oonttnual nrtetton
of eLtttrrir rd rrlathrl rnflrr, t.a.rllly rrfurrd
b er tmotsl,nt, tl rppu'orl"utcd Lu tho Orrga ttrtc
OoLle;r rolrr furar* by ohanltng thmr en3lrr tE
nell lasrrrntr through*ut thc ptrlod ef furnrao

oporatlo.
fto rl,rotrto :otorl, oontrolbd lndrprdrntly by

tro ptro?wtll rrdlent .ECrL t.Etor!, drlvr thr brllo-
rtrt throrUh thmr arll lnornntrl ohrngm sf
rltttudr rad'trtnrth ertllt rhtn thry em grrtodteelly

rmrltrl0 by tbr ghotosrll rrlry olrsultr. Ia thLr

rrBE r tbr altmottrear of tbe roltr rrtr rflrotrd frm
hr hrltortrt em hel,i approrl.nt ly omrtrnt tDdr

hraorr th. porttt0t'of thr fsorl tpot m:rlar etlta-
ttrlly rtrtloarry iurfac rrtrndrd pcrlodt of opmtlon.

Ih rolrr dtro rohlrvu r llatnu drolLnrtton of

tr8 oet thr Conrlltr Xrtltude rt :rat th on Iwr 81, lt
aea br rlr{tlt lrsrrtrtard frm aa, rtra{md urylte-
ttoml tablm. Ia or&r to dtrrot tbr *otrrr rrrr onto

thr {trtrourlly tnaltnrd rtrror thr hrltottrt rurt et

that tLn bc ttltrd to rn ragtrr of, 5lo f!fr thr horlron-
trl. Itra thc run 1r mar.thr hortron thr brllottrt
rurt be lu e B.rtr rrrtloel porttton tn ordrr to dlrrst
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thr tolar radlatlon lnto thc toler f,urnaEr propor. AlI
othcr ttrcr 1111 rcqulrr altttudc inglcr bstrmn 5lo and

900.

ftrt trcltoltetr thcrcforc, hes bcon ledc oepabla of
brtng drpreracd to eltttudc anglor of lcm thrn 54o end

rlcvetcd to lonrrhat ovcr 9Oo. the trellottet oln bc

rotatcd fru ertnuth anglu of 9Oo (Ouo caat ) ttrrouglr

lSOo (duc routh) to e?Oo (aur rcrt). xn acttrel uslr
hwcycn, tho heltostat tr arvcr op.rrtod nor. than t5s
ctth* ttdc of due aouth and only rarely tr lt ncorr-
mry to ortrnt tha holtortet loro than about ?Oo otthrr
a!-da of, dur aouth. ttrlr tr dua to tho fast that th.
luatr eppcr.nt hortzontal poattton 1r ntvtr north sf,

dur cart or north of dur rcrt of tho rolar furaaoo,

Furthtr, durtng tho houm rhan roler tntonrttttr arc

et utcablc lcvcls, thl tturr! appsront hortzontatr poat-

tl.oa 1r uurally rlthln {5o of rtthor rtdc of routh
rcgutrtng oaly eslo aatruttr anglca clther rtdo of, touth
ln ordor to dlrGot thr rolar radlatlon onto ttrc dtago-

nrlly lneltncd plano rtrrotr.
fht dtatortcd oval cnvclopr aupcrlnporad on thc

rchanatto dlagral of thr f,aec of thc hcllortat alrror,
trtg, 25, cneloact thr eroer rhtoh rofl,cot uXttlataly
lnto thc perabololdrl aonoantrltor nlnor for nrrlrun
asleuth anglca ot 22No cart end rort of duc routh rnd
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FIGURE 25
MIRROR SEGMENTS IN HELIOSTAT

WITH IMPORTANT SECTTONS INDICATED BY
OVAL ENVELOPE
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f,or altltudc anglcl of 5t{o to 9Oo. EGtro, a6 ln thc

rtattonary rrflcotor, thc nlrrora havo bctn gradrd rlth
tha bcrt ntrrom placad n.rr thc orntcr and rlth tn-
orcarlrgly non-planar nlrrorr pleocd progr.utvrly
ncucr thc pcrlplrcry of, thc cnvclopc.

lho heltogtat frlncrork tr ltJro that of thr
etattoner,:f elrror ln that tt conattts of, tro unttt, a

rtgtd aupporttng freatrorE to rhtoh 1r attaohcd a

ltghtor lcrlllng f,namrork, ftro rtgld franror& 1r

lttfln ln t1g. e6. It 1r rotdrd up of lt tnoh luglc
lron rlth I tnsh rtrap lroo ttnaton braoct. lhr aur-
lltery fremrorlr tr rrldrd up of 1| taofr Dy i tnch

ohlnntL tron, lt tt attroMd to thc rtgld f,rrmrork,
rad thc ntrrorr arc ettrohrd to lt Juet at thry ero tn
thr rtattoarry loflo€tor. fhllr erc rhom ln Ptg. 2T

end 28.

Thc hcltottat ptvota about en arlr drarn vrrtloally
through tho ocntcr of thr botta cdgc of thc fror rnd

about an axll drarn horlzoatally through thr bottor cdgc

of thr alrror fasc. fhr rotattag batc of thc ruroh-
Itght provtdot thc vrrtloal arlr. fo thtc baro a 6 tnotr

f-bran lr aff,trcd rtth 6 tnotr rtacrl at tts cndr support-

lng tho axtr plvot!. thrrl ptrott lrc frm tha rcuoh-
Itght and rerc orlgtaelly tountcd on thc cndr of thc yolro

tmr and lnto thr oert alutnun rlrror houltng.
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24

FIGURE 26

HELIOSTAT, BASIC FRA]TEWORK
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FIGU RE 27
AUXILIARY FRAMEWORK MOUNTED ON HELIOSTAT
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FIGURE 28
]UIIRRORS IN PLACE oN HELIOSTAT
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ttrr hcllortet lr rupportrd et rerloul rlttttrdr
rrubl b, a brorrzr to!r, rfflrrd rlth plvotr to thr
orntcr brok of the hrllertrt frenorf rad turntng tn

I ptvotrd Eut. !h. pirstr for thr nut err rffltrd to

om of, thr rmr of tha ortstnel folr rbtoh hrr brrn

thort Brd rorrhrt to ellm thr brtlsrtrt to b.

dcprrarcd aufflotrntly. ftrc othr yob rrr hrr brra

out off nmr tbr platfon. lhr broan tsrrr 1r turrrtd

b, r tlrr nrduccr, apreobt-ohlla, rnd T*brlt drtr
rcbraler drirra by r fA fp rlrotrte roter Stoh tr
rlmtrly mrrrriblr. lrtnrthel rorrrnt tr pro"tdt0

by r t Uf ilot-frft1tptry rhctrto rotor ed 6trr rduorr
drtvtag tbr rlrror rbout thr vcrtlorl ul't fru mlt to

rcrt thrur8h thr otgtnrf rorr tcrr drtvr of thr

mrohltght.
I mrrntgg rotor !.: nqutmd for thr rltltudr

drtvr rlncr thr run trrvrlr tro dtrrotlou tn thr mr-
ttcrl 91rar durlng thr ooutm of r drtt r oprrrtlon.
hrr!.ng th lI rhtlo thr iun !.r roradtEt, ttr rltltud.
ft8lt nnt dcoramr rrd ta thc lll rbrn thr run Lr

duoradtn3, thr rltltudr rngla nrrt tno*tr:r tn ordm

to rrflrot thc ruar r mr: tn r amr horlrontrl plrm.
f,crvrr, thr rtlnrthll (rtur 1r elrrye fror mrt to
mrt dtrlag eprratloa, ro no rust. rer.lrtut of thtr
drtrr 1r msrrtl[]fr At tht brglnnlry of I runl thr
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oporator crtr pofltlon th. heltortrt ln lu mttrerd
mtttug by naurlly dternsrBtng tht drtv. gitr, tutn-
Ln8 tha hrllortrt, rd r-rugrglng tht drlva g.lr.
Srm drlvr rotorr arr dtreurtrd furtb* f,rm aa cho-
trto clroultrT Dolnt of vtu ln rubrogurat tuD-lrtotlon!.

rgCIrccEr& rRf,orlxo 60tmotr9

tltr tro photoorllr rhloh rn uro0 u mdtrnt ra*gy
lancorr for omtnolllng thc rltutnrth drlrr uotorr lm
lnrxprurtvr unttr nomlly urrd for rrltohlng on houm-

hsld ltghtr ra drrkmm 0oroondr rnd tualtng thrn off
egrla at nrarlrt. thi unltr rrc of, thr nodtl, Ftrhrr-
Plrrcr flShtf$ht !. ?hry hlvr r mttehta$ crpealty of

300 rrttr ad rcll f,or only $1O.9S. Slncr 3Oo rattr ta

tmCrqurtr to rtart thc ilrlvr rotom, thr ptrotorrttchar

(puetsccX,l 0rl.vra r.lrtt) rrr urd to trtp hrrvlrr pfrcr

mlerr rt16h aotuelly do thr rrttohlag of, thr drtvr
rotor ol,rsultl.

fhr rltltrillr englr oontrolllrts photorntteh 1r

ronatcd ln thr froat of, thr omt rlurLmn prraboiotdel

rlrror hourlns rr rhqn tn ttg,- 29. Iril thtr porttlon

thr rnrlttvr rlrrnt o ra;r" thr bottol rdgr of thc

trrllortrt. In oprratton thr photorttoh 1r oprmd rhra

thr rdtr of thr heu of eunllght omlag f,rm tho hrtrlo-

rtat etrlJnr thr ghoto-mnrlttvr clmrut end 1r clord

ii;
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ALTITUDE CONTROL PHOTOCELL
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uhcn th; rdgc of ths bcer tr not laplrglag uBon thc

photo.*rnrltlvc qlorcnt .

fn ordar thlt tho photoccll bc ;cnatttvs to thc

prlrrano. or abrcnoc of dlrcot lnlolatton, ltl tg.rturc
rurt bc nduoad to only I rory narror altt ttner thl
unlt ar ranufrcturtd lr nornaX.ly opon cv.a ln deyltght

rhadsr. ttr!.t r.duoti.on ef, epcrturo te eooorpltchrd by

rcrn! of blaok olcotrlaat tap.. thLa tipG allmr rtldy
adJurtmnt of tbe rpGrtur. u nccdrd to fLt thr nttda of

thc deyr im vrry brtght olrer daya, a rl'nXnrn apcrturo

1r urrd, thtrtel, lf opcretton 1g dcrt!'od ou h!!y deyr

or ncir th; rnd of olter dayr, tbcu thc eptrturc uret br

tnortartd.
In thc nernlng u the lun t: ercrndlng, lte enth

rrlattrc to thc faec of tht hcllortet lr dlcnclttng.

tlrlr oeulG! thc bottm rdgt of th; roflootcd berr to bc

lucrcd. fhll lcc:rtng ef thc bcen cdgc tppcert ultl-
ratcly rt thc photoeoll ar a dtlplaoornt of, thc bctr

cdtG rorom tha mnrlng rlrrrnt". A! thla bcrn rdgc

ctrthr thc spcrtunc gllt, rhloh lc Ferallcl to tt, thc

photorr!,toh tt caulod to opcn. |lhlr oFcntt$ sf th:
phstofittoh allort t norrtlly oloetd pscr rolay to

rotuetr the drLrc lotor rhlotr lorcrt thc holtoltat.
Aa thr hsXtortat lt lorcrod at a rutc lueh al to

rrtac thc botton cdgc of thr rcflaotcd bcen of lunttght
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lGvoral ttnog rorc repldly than thr apparcnt aotton of
tho tohr dlsc GauaG! lt to bc lorcrcd, thc cdgc of thc

btaa tr caurcd to rttraca tt! prth baok rorolr thc
photoorll f,acr and baok onto thc rtn of thc parabololdal

conocntrator. HhGn thc bcaa adgc no lorrgcr lnplngot

upon thr photoooX.l rpcrturc altt, thc photoocll t,r dree-

ttvatrdt the photoaritch lt cautod to olorct the pmlr
rrtre, thrn tl opaacd and thc lorcring of tho hcltoctat
c.rrcr. fh. hcltostat rclrtnt at thc ner altltudc
cnglc uattl tha notton of the run ecuscr thc ptrotocolt

to br oncc agatn eotuatcd. Thc pcrlod of a conplota

rltetrtoel oyolc tr urually about I nlnutr, vanylng

cucrhet rtth tbr tlno of day and apcrtwt sltt rtdth.
Of thtt pcrlod about L/l tt dcvotod to drlvr on op.rt*
tton aad 2r$ to drtvc off opcratton. Ifo vlbratlon of,

thc hollortat tg rppmrat at tho focua rhcn thc altttudr
drtvr lotor 1l runnttB.

For aftcraooa opcratlon thc loqucncc urcd ln tho

aornlng nutt bo rcvrrtcd. srttahct at thc control pattl,
ttr Opcrattng Prooodurc rtth thc Solar Fumaca, erc pro-

vtdtd for prrfomtng thtr rcvcrual. A! tha run dcrccnd!,
thc loror rdgc of thr roflcotcd brau tl ratacd and aftcr
rrf,lcatton by thc rtatlonery plancr ntrrsr. lu dttplaood

arry fron thr photoecll apor.turc altt torarda thc ocator

of thc parabolotdeX. oonocntrator nlror. l! thc baan
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.dtr oilrG! to tnptngo upon tb. rp.rtum tllt, thc

photofittoh clorcr rd cmglrtil e olroutt through thr
ootl of r nor:rlly opra po;r! mhy rhloh tr thrrrby
olurld to olor. lhc drtvr lotor then brgtar to mlm
thr hrllortat to r hlghrr altttudr antL rhloh 6eumt

thr rdgr of thr rrfl*cttd ltght brar to rr-fiSlngr upom

thr photoorll epcrturc cllt end tLnr te ttop thr ufrr{
rovcrat of thr hcltortat untll thl lunts epprmnt

nsttsa lultlrtm r rapitltton of thc rhoL Feoart.
lhr rnot polat rt ;htcn thr nttoh owr f,rr Af to Pf

og.trtt6 tt prrforuad tr not ortttorl rlnot th. lpprr-
rut rrtr of vrrttcel dlrpbomnt of thr roler dtto

rbrn v.qf B.rr rcntth lr crtrrnly rltght.
lhr erlrtlth rngtrr csntrolltng otrouttry 1r nrob

hlr ecplrr thaa thrt of, th; rlttttedr osatrotr llnor
rcrffiat ln only err dtmotloa, rcrt to rrlt, 1l arsrt-
nEf b, rmotr ooatrol. tt th. rad of a drrrl op*rtton
thr operrt€r rrrutlly rrtrrmr thr hrtrtortet to rny

drrlmd portttou bl dlmrgrgln; tb drtvr plaloa, turn-
tng thr hellortrtr rn| rr-cngtgtnt thr drlvo ptnton by

nanl of r hvrr ln tt-rr barr of thr hcllortrt lrer thr
rrtruth drlvc rotor.

Ihc arlnrth ;n8trt oontrolllru photoocll tr rhcrn ln
,19. 3O. I r€hrrrtlo drrr!.q of tte oprretlon t! rhffin

ln l1g. JI. Etfil, ee rlth thr eltltu0. rrtsl. ooatrolll,rg
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FIGURE 30
AZIMUTH CONTROL PHOTOCELL
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hotosensitive elernent

Photocell De-energized

FIGURE 3I

OPERATION OF AZIMUTH PHOTOCELL

Photocell Energized

Photocell Switch Point
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photoocllr ronrltlvtty adJurtmntt arc ladc by ver?lrts

thc altt rldth or cffocttrr epcrtur. Thlr prrlrnt ty!-
ten rcprclcntr an laprov;ncnt ln rcltablllty and

cfftalcnoy ovcr ln carlter ayctcr rhteh ta drrortbGd ln

thc Apprndlx. fhr azluuth an6lc photoscll oont'rolr r
pfr.r rclay rhtsh tn turn oontrola ! t trP eotor. fhlt
notor drlvar thc Ertgi.neX. eaarehllght rlng gcar rnd

plnton-torn goar aslnuthal drlvr nlohanlau through a

V-bllt gcrr raduocr lyltta. ttrc goer rcduocr 1r at-
taehcd to thc orlgtnal drLvc ptn rlth a rubbcr atar

coupllng.

DrrrlnS opcratton the r;arttlvlty of the azlnrthal
oontrol tr ruoh that thr fosel tpot rovos rorrrhrt haa

than onr thlrd of, thc fooal dlaretcr; 1.c. about 2 n.;
durlng croh rnlrglretloa of thr drtvc uotor. At haat
prrt of thla uorcmnt ta cruatd by cxccallvc plry tn
thc orlglnal r;ercbllght pLnlon gcatt rtrtah allml Lae-

glng end baElrlarhtry rhLlr aovtag tha hcltsltat.
Corrcetlon of thtE eondltloa rould mocmttato ruoh

foruldeblc dtfftoul.ttm that tt rar toloratcd fon thls
prrrnt rtudy. Ttrc dalctortourmu of thtr crocrrtvc

rldrraya Eovcmnt ru aot apparrnt although Eorr rtmt-
tlvc futun atudtcr nty Doocmltatc tnprovtng thc

aztauthal " maolutlon" of, thr roler furnaoc. fha trro-
lutloni of tho photoacll oan bt radc es grcat m doalra0
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b, tncrcmtag thr f,oorl lrugth of, thi oDJrottrr trrnr aud

thr oornrpodln8 hagtb of, thr lrnr barrclr

SATPI! EOIIGR

lhr urDh holdtr nrrt proridr frrcdm filf, ltloa-
phrrto oantulnrtlon for thr rarp}r u rlll u frrrda
of rovrrat of thr lmplr ln thnrr dtrarloar rrlrttvr
to tht fooel ohlt rpdtu of thr rslrr ftrneor. O!f, Eour.t,
thr rarpll hsldrr nlrt rtro hrrr ton provlrtoa fer rup-
porttns thr urpltt.

fn thr Sqrgoa Statr 0olhgr totrer ftrnrm thr frm-
don frm rtrorpherlo oontr:tartlon lr prortdrd by r
syttdrtcrl glrrt rnvrlonr rhLob orn bo rtcn tn ltgr. 38r

31, rnd 35. Iltrtl cnvolopo tr ;trpl, au 18 tnoh by 6 lnoh

oyli.ntirlorl ptru Jer obtrXmd fror shrnlorl ltoru. lhlr
Jrr 1r otorod by aa etmtntu platr rbtoh tt rttrohed tf
drrr boltr to r rlrtler pht rt tht bmr ef thr Jlr" A

rtrl tr rf,fiotrd ty nrn! of r rubbm snrhrt plrord

Ertrrn tbr rltntaur plrtr rnd thr Jrr ltp. I nrlbrr prd

brtrou thr bam of, thr Jrr ;nd thc oormrpordlrg rlutt-
nur plrtr prortdil r thooli bt[p.rlng rotlon. Inlrt end

uhaurt ptpll arl provldrd tn thr elunLaur rtrllng plrte .
[tm plg.t rlr ocutrotrd rtth flr:tblr holrt to r Efr
rrrtm rhtoh rhrll br dtrcurud mperetrly r*rdcr thr hlad-
lrg fim $;yntrt, lmdtrtely follortry thtr p!)mut t.otleR.
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FIOURE 32
SATPLE HOLDER IN OPERATIiIG POSITIO]II
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FIGURE 33

SAMPLE HOLDER PYLON AND RAIL
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FIOURE I4
SATPLE LOAOINO .'IG
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AdJurtmnt tn thc vcrttorl Fleno Ir provtd.d by e

f,olX.sncr nut rttaohcd to thc mnph holdcr ber plrtc
and drlvcn by a thrradcd rheft. ttrta baar pletc tlldu
up anil dmn ln ntLlcd groovtr 1a thr orlglnal tro-cupport
pylon of thr coarohl,tght ar lhorB ln Flg. 33. ?bc

thrcadod vortloal drtver rhaft orn bo rmotrly turntd

through bcvol gcartng by e handthtol. A rlrtlar
arrengount pnovldat for rdJuatmnt tn the couorntrator-

rtetloaery roflactsrtcllortrt plaar. AdJurtrnt of thc

sanplr holdrr poeltlon tn tho foaal rpot-optretor plenc

tr lcsmpltahrd by uovlng thr glrar omtaln r rlorg
elultaur rstlr ultng fhntcd rhcoh nountrd to tho tro
llunlaul rnd platm. fh. hg!.! of thc gar tyrt6 pro-

vtdc hendlcr by utrtoh thr poattton sf thr trnph
contatntng cnvclopu oln br rrried eloug thr hngth of
thc alunlaun ratIs. A rorr ol^rboretc aotor drtvrn

ncohantar oan bc reatl,y addcd lf atoedy rov.rrnt of thc

rarplo through thc focu; le dettrcd at ntght bc thr
oet. for zom rrftntng ttudtcl.

fba tarph holdcr cnvrlopc oln br rmovcd fror thc

fururol for tho ehrnglng of aanplrr by rlnply llfttag lt
fron thr tmnlvorc rallr and rlthdrarlag It through thr
op.retor'r rooou hol. ta thr tldc of thr furtrlor. A

plnlood Jlg as ocGn ln Ftg. 34 feellltrtce rltgnnrnt of
tho alunlnus end plrtca, drar bolts, rrd flangcd rhtllc.
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Enct altgnnnt tr aot nocltiry ltaor oac tllr tr
plrotrd rbout 1tt crntrr to aXIm r11 four rhrlr ts
oonttmrourly touch thr guld. utlr rttbout robbtrtn8.

A ehrlf tnrtdr tlrr tlul crvrXop. tn{ rlSt0ly
rmratrd to thc crtra6rd lnht Bu plpr plsrld.r tup-
port for tlu rrlplu ln thr rerpXr hold* l?mrr
SrlBlm t!. utntll, nslnttd upsn ra larulrtlng rdtrur
rbqlt ra lncb ln thtoln rt, to put tbrr tpprsxlrrttlf
rt thr arlrl ocatrr of tbc ofltndrtorl cwllopt.

ttnor r11 thr rrdtrnt rurt, mut ;o tbrou8h thc

Glmr rrll of ttrr rnrclopo end rtrpr tht portl.ou

rbeorbrd tn thlr trrnrtt l,r ;lrcattrlly l.ndrprndrat

of thc dtmtcr of thr rnrrloprr thr atttrrlr of lllto-
tlon of r lef,r onrrlogr :trc ur thoco of mohlalorl
ttmn3th rnd rr:tnn tllcrbh mXl tupmetlrlit e Ia

thtt ollrr a dtrntrr of 6 taehrr trt oholar to rllor
rufftotrat roon Ln thr larrlogr for ogmrtotr loeclrr
rmptrrlr Sm pt9.re ota. lt thtr dlmtcr thr ;rl1
thtcHrl af, tlr oll!.ndrtorl Jrr uld rrr rotrr thea

edrEutr to rlthrmud tha vaourr ad lntrrnrl f.rtur.r
of, up !o tro atrsrNmr rhtoh rrrr taoouatrnO l.n thtr
rtudt. trfttag of thr SIru rnrrlopr prurnttd no thcr-
lrl rhoah p'rsblcu rhrn orpr rtt trlrn tc aovlr eller
thr glrrr rrll to cstnatdr rtth tho f,eorl "hot ipot*.



yt

cA8 SYSffiH

The glass envelopo oan be evacuated through a

rubbcr hoae connected to the envelope by neans of a

gas ballagt vaouuln pump shorn tn Ftg. 22. the uro of

e gar ba[ast vaeuum punp allors the pumptng of cone

condensable vaporB ln the gas rtthout reeortlng to cold

trapr, thsge vapors xer6 thought llkely to occur due

to the rtrong chentsorptlon of rater upon ftncly dlvtd-
ed clensntal boron rhtch rould be releaaed upon heattng.

A throttltng and posttlve eutoff valve tn the exhaust

l1ne provtdee control of the punplng nate. A ftbre-
glaar packed ftlter removet partlcul.ate natter ln the

exhaurtlng gaEel.

Inert gac ls Eupplled, tf degtred, frou a htgh

prcssure cyl.tnder to the glaar GnveXope through a gas

nanlfold ryotam contatnlng a prcs6ure reguLator, a fLor

mter, and a vaeuun-presdure gau8er 88 shorn tn Flg, 35.

By adJuctmant of ttre exhaust llne throttllng valve and

the lnert gae prescurc regulator, dcatred prscsuree and

flore of the lnert B2B, frora about tro atmoEpherea to

noderately hard vacuum, and zero to several ltters per

nlnuter c&r be nalntalned 1n the glaas envelope. T$o

atnoaphsree lnternal gaa prelsurc ts attatnable only lf
cxtrerc oere ts axercleed ln maktng the hose attachuenta

and prarsuro regulator adJustm€nts.
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FIGURE 35

OAS MAilIFOLD SYSTEII
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BIECTNICAL SESTBT

flrr aoler furnaoc laboratory tc ruppltod rtth
11O voltr, 60 oyolo, cln$trc phalc currant, et a f,uta

bor. lll olrctrlaal pffGr otroultl ortglnato tn thlc
fuac bor. Flgc. 36, 3?, anit 38 rhor thc aleotrterl om*
ponrnta ur:d tn tha solar funnrec laboratory, A drtatlcd
dracrlptton of thosc eilpononts ar lhon tn Flgt. 36, 3Tt

and JB foll,oru.

fB thc furc bor and uln brqelccr arltsh
eontrolc alX olcotllorl porGr to thc

aol,ar fumaoc Xaborrtory.

8-1 A doublc polr dsublr thror mttoh rhloh

oonnccta thc proptr porar rclei for At
or Pf, opcrrtton lnto thc photooall elr*
outt. Srttoh S-l 1r up for ?f, and dorn

for AS sprrttlsn.
8-e,8-3

& S-4 Doublc polr doubtra throu rrltohcr rhtch

rcvortG thc dtrcotton of thc vcrttoal
drlvc notor. lll thrcc arr alreyr novod

togcthor, AII arr ln thc up potttlon for
Pf speretton end all arc ln thc dmn port-

tton for AI opcratton.

CAUfI0fr $rltch 8-5 nurt bo off rhcn

rcvtrrlng thc mttlngs of, rttehct S-2, 8-3,
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P2

FIGURE 36
Tf,AIN ELECTRICAL PANEL
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FIGURE 37

SECONDARY ELECTRICAL PANEL
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FIGURE 38

LIMIT SWITCHES



8-5

s-5

s-7

s-8

n-2

n-3

s-9

n-1
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and S-4i otherrlsc a thort clrcutt nay

rcsult and a f,uac rtLl bc blorn.
Hcltostat vcrtlcal drtvc poilGr trtteh.
Ilcltottat aztruthal drtvo pffar srlteh.
Bcvcratng clroultry lt not nccdcd ln thc

azkuthal drl.vr tlnEc thc drlvr gaar oan

be dlacngagGdr thc heltoatat raturncd

Eanually to an oa;fiard faolng porltton,

and the drtyc goar thcn rc-cngagcd.

A porrr srtteh rhtoh controlt plug rcccp-

taclcs P-l and P-e. lhe ltght ftxturc ta

urually ph.lggcd tnto one of thcae.

Vaeuun puup poilcr autteh, lucdlatcly to
rlght sf FB.

Phstoocll psrar lupply srlteh.
A noraally open psrGr rclay, eontnolc vcr-
tteal drtrc notor for Ff, oporatlon.

A nomally cloued pffer ra1ay, oontrolg

verttcal drtvc notor f,or Af opratton.
A nomally open porcr rclay, controls thc

astnuthal drtva uotor.

Plug reocptaclc borct controllcd by

rrttch S-7.

P-I,
?-2
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P-3,

P-l

?-,

P-6

[-1

L4t

t-3

PIug rcocptroXr borcr oontroll'd only by

Erln pflra rrltoh, trB.

Plug rcocBtrah box tnto rhtoh thr v.r-
tloel drlrs photoorll lr pl-EBld.

A rubber rlngl,c plug rrcrptrclc Losrtrd

at tho buc of the 15 0cgrcc plene

rcflcetor rhloh provtdu pfi.r f,or thc

estnuthel drtvr plrotoocll.

CAI}TXOII Xf thc prontr of rttbcr the

photoocLl nale plug or thom of thr
por.r r.Iey clroult rhtoh tarut tnto

thr photoorLl frmlr plrry rrotpteob
rhould bcoonc rovcrlrd, I rhort otroult
r11l .n;rrr end r f,uro rlll br blom.
I rc0 Ught rhlolr rhcn llghted tndlertcr
thrt thr ezlmrthal drtvo notsr 1; runnln6.

Bcd ltghtr rhloh rhon ringly llghtc(r ln-
dtoato that thr vorttoal drlvc notor tr
runntng and thc hcltortat 1l botng rltrodr
lE!, or luerrd , L3.

Slroutd ll8htr L-8 and L-3 both bo ltghtrd
thcn clthor ttrtt arltoh X.S-l rrd6/ot LS-e

have bcon trtpprd rnd uurt bs rcrct brforo

notlel opcretton otn raoo[anoa.

e



I,s-x"

I.9-2

rs-3

I.s-4

Io,
Ltnlt rrttoh for vcrtloel drpraltton.
thtr srltoh tc actuetcd by tha c0gc of
th. rtocl notor nounttng braohct,.

Ltrlt arttoh for vcrtl.orl chvltton.
fhlt rrttoh tl aotuatcd by I rtool
eablo ettaghcd to th. hcltortat bttl.
Llult lrLtsh fEr lslauthrl drlvc. lfhtl
arttoh tt aotuatcd by thc hred on onc

of thc boltt rhteb attach ths drtvr gGar

to tho hollortot f,raru. The r;ttoh tr
trtppcd rhcn thc hcllostrt ta f,aolng

rlnort duo lcrt.
CAIIFIOIIT lianuell 1.c, non-chctrloal,
aetuatton oan 0antgt or Loyr thte lrltoh.
Urc aarl rhtn nenuelly aovtng thc hrlto-
stat to rxtmnG rtttrard frotng portttsnt.
I rrtteh rhtoh bypracr or rhort olrcuttr
thc tro ycrtlaal drtvc llnlt arltohrt.
Thta mltoh ls noruelly off,, DUG to tho

pottttvc rohanlaal dttpleormat ohlrac-

tcr of tho vcrtloaL drlve nrshlnlrn, thlt
rrltch tr ncootnry to alX,or opcratlon ln
thc oppoattr dlroott"on frou a trtpprd
Ilnlt rrltoh cufflotcnt to allor martttng
of thc trlpprd llult arltoh.
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CAOIIOXs Alrry! ehceh that srttoh IA+
lt lndcrd tn thc off potlttonl othar-

llta, ltutt crttohor I8-l and L8-2

cannot pcrforu thclr funsttona rnd cr-
trnalvc datagr to thc hcllottat nay

poralbly Gniut.

HOIXSIXI OF TIE SOIIR TUBNACE

fhc colar furneoa lt cnolotod tn I ahsd rhloh

affordr protrotlon of thr furnaor and anclllary oqulp-

ncnt frm lnclornt rclthqr, frltt thcd alro protrotr
thc oprretsr rnd thc traoklng photocclla fron thc rffrot
of too mroh cunrhtnc durtng opcmtlon. A largc door tn
thc ehrd adnltc tho rolar rryr frm tm hrllortat lnto thr
shcd and oRto thr dlagoaal planc alrror. fhtl tt ahorn tn
Flg. 39. &o pouonnal doorg ar. proldcd for acocer to
tha aolar furncor and fron thr aolar furnlcc to thc hcllo-
rtrt. lhllr doora oprn onto ralhayr aa rhcn ln F1g. lO.

ftro hcllottat drlv. lotorr lro protcotcd by raln
dtfl.ootlng oev.!r. Durlag tho rtntrr nonthr tho alrrorl
lm rcrovcd fron thc hcllottrt fsr tndoor ttorl6o.



FIGURE 39
SOLAR FURNACE BUILDING FROM THE HELIOSTAT
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FIOURE 40
SOLAR FURilACE BUILDI]IIO AilD WALKWAYS
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OPERI.TIOT OT THE $OIAN TUNilACE

th. oporrtton of thc rolar furuoc fall.e tnto tro
rtagcr: adJuatmnt to co-planrnlty of thr lrdlvtdual
nlrror rcgucnta ln thr hrl,tortat and tho strttontry
roflcetor lLrrorl, and aatual lrradtatton opcratlonl

rtth thc roler furaroG.

Afr0$ffiilr ADJrrgIrem€ 0r ms pramn txnnon$

Sra adJuatnrat trohntqwt urcd for oo-plenertltng

or ellgnlng thc ulrror rcgrcntr tn thc hrltortrt yrry

rmrhat fron thotr ulrd for tho altgrnrnt of thr ata-
tloaarf rcf hctor qtrror legmntl.

thc hrltoctat mtrnor rcgmntc erc adJurtrd by noant

of thc throo nountlng boltr unttl thc tnagc rcf,lcotad by

caEh ltnror acgmnt upon thc facc of tha solar furnaoc

bulldtng fellr tnto ttt prop.r poaltlon rclettvc to the

lngcr of ttr tmodlato nclghbom. Ycry flna altgnmnto

oan bc nrdc tn thts farhlon by oonttnutag tha rdJutt-
mnt unttX, thr dark tpeoor brtrccn tilo lnagra oluaGd by

an obturc rcttlqg of thc tro oErrcrpondlng rdJaocnt

ntrrora rnd thc brtght rpaocr oorr.lpomdtng to ln aautc

acttlng of, tro adJaocnt rtrron rcgmntt arc cltalaatcd
or at lcart ulntnllrd.

firc atattonery nlrnsr 1r lltgncd by an analogour

proccduro oxorpt that parellcl lnoldcnt Llght rayr arr
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ptrovtdod by a rnall bulb plaoed at thc foaua of thc

parabolotdal conccntraton. Thc tnager of cach of thc

nlrror as8rcntE aro then cast upon a dnape placcd ov.r

thc oloscd door faotng tho hclloctat. AdJuctmats of

thc tndlytdual scgrcntc ara, frou thlc potnt onr anal-

ogou! to thosc of thc hcl.toatat,

OIAB.ATITO PNOCEDMB TITfl THts SOIAN TIJNI{ACB

thr operatlng proecdure follorcd for tnvortlgetlona

of thc brhavtor of subrtrno€r at hlgh thcraal fluxrr tn

thr tolen f,urnao. arc datallcd bclor In chronologloal

ordon. Crst! rafcrenoo! lro oonatantly aade to empo-'

nrnts of tho clcctrlcal ayctcn sB dosartbad tn thc

tub-aootlon, Eloctrteal Syrtou, and Flgs. 36, 37, and 38.

9tart Up Proesdurcr

I furn on naln porer arttch at fuac box, EB.

2 Berovc urpla holdar frou furnaec and plaoe tn ply-

rood holdar. Hrkc tura that nothtng rhtoh can bc

deaeged by hcat lt ln thc fooal plane of thc furnacc.

Upon rtrrttng up, thc fooal cpot ctn Eovc around

appreslably dut to almllgnmnt of the hellottat
and rey daragc obJoete lcf,t near tha focus arga.

3 Open utn door.

4 laah ntrnorc lf, ncacrtary.

CAIJfIOft Ule earG rhcn ruovtng and rcplaclrg
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photoooll. Plartlc dovotall Jotnt 1l vcry fragllo.
l{anually rct hcllortet tn approxhately corrrot

azluuthel rctttng by dtrrnga6lnt drl,rc gcrrr turn-
lng hrlloctet, and rc-cntsgtng dntvc Btrr.
AdJutt vorsttoal porltton of hrlloltat. ff, tugc ta
too htgh, hcltortat tr too lor rnd mut bc ratsed.

Plrca rrttohm S-I, 8-0, $-3r and S-4 tn up po!l-
tlona. Surrr mttoher g-5 and 8-9 ts 0II poattlont.

At thts tlm llght L-2 rtll om oDr and rhon thc

oontrol potttlon 1r nceohod llght L-2 rtll go off.
If tnge lr too lou, h.ltortrt 1i too hlBh, and

uust ba ratlod. To do thts pl.rsa arltohcg S-1,

S-2, 8-3r and 8-l tn dorn posltlono, lfurn ttLtoheg

S-5 anO 9-9 to Oll poaltionr. At thlr ttrc ltght
t-3 1111. go off .
Uhcn thc hcltoatat lt propcrly potttlomd vortt-
eally, thc dtrcotton tn rhlch lt lt to no?o for
lracktng thc run, up fsr AXr dorn for Pf,, 1r dotcr-
alnod by arttohtns 8-5 to OFF pogttlonr plaolns

arttobca S-1, $-2, 8-3, and S-{ to up polttton for
Pt or to dorn posttlonr for AII operltlon. ltrou

turn rrltoh S-5 to thc Ot pocltton.

C,AIIIIOXI lhcn uovtrrg rrltohcr S-2, 8-3, rnd 8-{,
rltoh S-5 euet bc off, othcmtsc, r rhort etroutt
nry GntuGr lhd a furc rtll bc blorn.
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Stert mtruthel drtvc to traohtng. luru trttoh S-6

to Of pocttlon. Dlmngag; drtvc gcir ln{ lsvo

lrrltsrtet to that thc tnge rlsly mrra fron .the

lcrt p{r!t thc osntm poalttea to thc raet. 8trlghtly
rert of, Uh. ocntcr tho arlnrtbrl drtvc rotor ahouM

of,! on. Sold thr hcllortat ttmdy rad atrlor ths

erlnrtha!, drtrc lotor to run untll tho drtre gGm

can bc ngothlt rr-trgrgcd. lhould thr ecatcr or

osrtrol polnt rrrd ts bc GhrBad, 1t aan, br !o6or-
pllrhrd by bendtng tho photoesll nountlng brrolsrt.
qfUfltrt Pluttc dovttell rt lp Jolat i.r rcry
fragth, App.IU brndlag force aololy to thr lount-
1ng braakrt and not to tbc photocoll aar propor.

frhr turl thc ltrtt rrltch b pur trttch, I8*l It
1a thr ffif pmtttoa. Sraa thc drtvt rotolr arc

nmn!.491 rrautltrf trlp thc llrlt rrttohre I$*1r

I3.-2 t ead trS*l umntrrlly to ohrol opcrrtton.
Incgrt thr urptrc to bc llltradtetrd lnto thr ralpll
holdcr and ttghtm thc tro trnrtou autr urlag thc
plyroo{ atr;rb!.y Jlg for propor potlttmtag of, thr
snd platu.
CAWfOtr the nrbbrr 6aahct nurt hgva tho notoh

ftttcd oyar thr bottor hoge ftttlng.
fitrn on thr rrouu[ putp lrltoh, S-8, en0 oprn thr
globr valvr tn thc vtcuuil ltm. Opon tlu rrgon
tanlr ullrr, end by adJultlag thr rc8ulrtor ralvc
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1t

u3

tntroduee e aodcrete fLon of argon tnto thc canplc

oontrlnrr. tshrn thG rarplo oontatmr her hrd

enough ttrc to bccm f,rmd of ltr, grtlp thr tro
horc atpplcr end lnalrt thr rntlrc holdcr lnto tho

f,urnaoc and onto thc rugport rtllt.
CAUTIOilT Hevc hor.E f,lc. of rntrnghrntr btfonr

attenpttng to llft tha otapla holdor lnto the

furnaoG.

AdJuct thc porttton of thr eeaplc ln reletlon to
thc foaus by ranlpulettng thr vcrtlsal rdJuttncnt

rhml rlth th. hft hrnd, thc rttht-lrft edJultrant

rhrol rlth thr rlght handr rnd tho ln-out edJuat-

mnt by pulllnt or Burhf,nt on thc vrouur horCI.

firta lattcr adJurtncnt san br letntetard tn thr
doclncd porltlon by rsl.ghttns the hom rtth tbc

loed brtol provldcd for thtt putpor..

Ihcn hmttag ls f,lntthod, roaovo thc ralplr holdcr

fror thc furaaoc en6 rcplroe tn plyrood arrrlbly
Jtg. Clore thc vasuur globo vrlvc and allor thc

soataln r to baoore ftll;fl rtth !!ton to ons atnoa-

Bhrrc pra3turc, rcyGrtc naturally, for preeturlrod

opcrttl,on,

CAUII0XI firr tygon horc rtll bler off lf ptrrlura
oroordr rcro 6eugc by e frr poundr par tEurra lnoh.

Ihca prcllurc ta oquellrrd lnd renplc !.a
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guff,latcntly coolcd, thc aaapLc hoLdar oan bc

opcna0, and thc ranplc reroved. llhc cndplato

ern bs eoavcn!,ontly hsld for a rhort ttuc rhon

ohenglng aauplor by tnrorttng thc end of thc argon

lnlot tubc bcneeth thc vortloal edJurtnnt drlvc

rhcol. Ullh eanpLr holdGr tn prcperatton for next

mn.

12 Por rubrequont raaplcr rcpcat rt.gt 9 througb ll,
Shut Dorn Proecdurc:

I Turn off srltohra $-5, 8-6, S-8, and S-g.

2 Elthor oloac largr door or turn hellottat rrey fron
opcntng to the cart. thc caurG f,or thtr tt cxpletn-
od tn rtcp ? of rtart up proaGduro,

3 ftrrn off lrln potrrr srttch boforo loavlng laboratory,
4 lhra clottng dorn for tho day, olotc and look a1l.

doorc. llakc turo urtn porcr srlteh, FB, tg off .
Sroublc thoottng r

I If a rclay fatla to trlp at tho urual eontrol polnt,

lt utually tt t'l,.oGrluy to v*y thc aporturc or thc

photoccll tnvolvod. If thc photoocll faLlr to
dr-encngtrc ttc atroctatcd porcr rclay rhcn Ught

atrtkor tt, tho aptrturc uugt be tnsrsalod. If thc

plrotoasll doct not cncrgtze ttt rclry rhan ltght dorl
not rtrtkc thc rcntttlvc clcmnt, thcn ttc aperturc

rurt bc dacraarod. Extrcurly brlght or uRurually dlr



u,
fifr nt eoalrten tr $slaf rfr'tlr frtlqnr ct thtr
tTDl,. ltr o, Ly rrrffil &r rnmtnn ll tbr lrr1-
mtlrrl drtnr ru optl^m rprttrr orn, lr rrrl,tr{ rt
rttch gtrr. m,lnrthd rmtlol rLth r rtntm olrlft'
of-.dmnt rf .forrl"r$tt"flll rtlr tc rL0r. Ttr-
ttcrt {rlft t}.lot rnnrtrrt rnd nc to rrrr* m

T.d for trrtrffrnu0.
":". -'
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rtsnFoRIAltcE oF tI{E onEoor srAlE cor.rnoB
SOIAR TI,ffXACE

Ihen pcrfornance charactcrlgtles for the tolar
furtrloc anc oalouleted by the rcthods prarcntod

earllcr, (cce Optlcal aad Hadlant Encrgy Concldcra-

tton for a Solar Furtracc), vcry optlntatlo catlnatca

ar6 obtalnod. Devtatlonr bctrccn prcdloted prforn-
ancG lcvcls and obccrvcd pcrfomanoc lcvslc aro

pnobably dua to tro rourocrr 1) fne astutptlon of a

black body aauplc loalng .ncrgy only by redtatton

atrgtvtty faotort rnd aolar tntcnrttlGs.
Hhorcrr, thc oaloulatcd raxtnun attalnablc

tcnpcraturGr for tho tolar funnace rang6 fron a lor
crilratcd valuc of 33OOoC to a htgh of 395009, (toa

Appendlr), thc actual uaxtuua obacrvcd tenporaturc

lnvolvod thc nsltlng of a 3 111 thtctc tantrlun folI,
t.P. ?9fioc (3orp,629l. fhc cffaet of eonduottvtty

of, thc aaaplo tr tllurtratcd by thc obaervatton that
rhllc tantaluu f,oll raa mltod, a aompratcd nara of
nloblr:n turalngep ll,P. 2,ft5og (3Orp.529), raa only

partlally mltedr and a haftrtun lngot, f.P. 2130oC

(3Olp.6e9), rat not mltod at all. Hagatvc pteoct of
Icar oonduottve boronl t.P. 21O0oC (30:p.629), and aLu-

Itnll I.P. 2O5OoC (341p.14?), rGrG rcadtly futcd loeally,
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rhcrcyGr aubJcgtcd to thr fsoel "hot rpoto of, th: aohr

fumacG.

In thc oat. of a thtn tantelrrn fotl, I.P' 2996sC,

the oonduottvr loascs radtally fron thc hcatcd ronc

rould br lorl horovGr, redlatlve loaa fron tho beok aldc

rould bo vtrtually at largc ea fron thc faoc. IhGn thla

beck atdc lore tr takcn lnto aocount' a oonccntratlon

ratlo, C, of 16100o tt obtalncd (scc Appcndtx). ttrtr ts

1n oontrast to a conecntrttlon ratlo of 8rOO0 rhlah tt
the calculgtcd value for a non-conducttvol tloll-oonvGG-

ttvcr bleek body at thc tcrpcraturc of a996o0 (ftg. 16).

Thc f,uraaec f,aetor, Ft sorrctpondlng to C 16,000, la

0.46 (rre. 14). thls cmparar favorably rtth tho cstt-
natcd valuar for F of O.32 to O,69, Tablc 3. OencraL

frcllngg of peraont eequalntcd rlth thla proJcot ara

that teapcreturct htgher than 2996oC rould bo rttaln-
eble under favorablc atnorphertc eoadttlonc, ltneo thr

tentelrm fot l ras ae ltcd on a hazy, fall day.

lhc dcftnltlon of tha fooal hot tpot rttll havca

toncthtng to bo dcrlrcd, ltrG fooal spot 1l not a brtsht

dlre rurrounded by a frlngc ac lhorn ln Ftg. l3i rathcr,

lt tr a dtre lurroundcd by tfeathorgn or Slngtn (Ftg.

4t). ftrc rurutrcs that ttrc dcvlattonr apparant ln thc

frtngc a!'cr are alro prcrcnt to gono dcgrac tn thc ocn-

tral dtaer and that thts roul0 lmcr thc hcat fltrr
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FIGURE 4I

SAMPLE IN FOCUS SEEN FROM PARABOLOID VERTEX
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attataeblo tn thte dtre. Iho altgnncntr of thc trs
plener rtrrsrr hevo bcan nade ar good r! coonfltoelly
porltbla urlng omrctal gradc glem; henor, tny
rcrdtly rehtcyed hp,rovcrentt urlt be lade tn thc
parabolol&l osnoentratsr ntrror. Frol obtuvat!.oar
of the dtrtortrd lnrgrs f,omed by ltcht cllttad frou
a fllarnt ,plaocd at the fo,our, opttaal trpcrfcottonr
of tho rlror ram notrd, fntplottoa of ths rtrror
eurfasc revcelod e grcat nunbcr of, Bdhplcr" rnd tooL

narkar !r rcll aG ortinrtra pttttng rhtch rould .arro
dctraat f,non thc furnaca pcrfomanoe. A ncl, unuled
parabolottlax oonccntrator hlr bccn obtalnod for futum
utc of tho tolan fruqnaoe.
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STUDIES OP EIAilEITAL BOROT

In ttr orl.glnal conocptton, thc golar fumaoo rlt
to bo a floxlbls tool rtth rhtoh to attcnpt hteh tcr-
pcraturc rcftnlng of olcmntal boron at ruppltcd by thc

U. 8. Bona: Rreoarch Corpsratlon. Ulth tha uncontarl-

nrtcd htgh-tcuperatura hcat rupplted by thc solan

firrnroo tt rar hopcd thtt tlomntel boron could bc

rcltcd and upgradcd by rroryotalltratlon frol thc rclt.
lhc posrtblllty of grortng lroroeryrtala of clemntel
boron for futurc aoltd ttatc ltudlGr rr! conatdorod aa

a dcglrablc adJunot to thc rof,tntng ttudy.

DtsT}C8IETIOtr OF U, S. BffiAX EIEEIIEAL BoROr

Elemntal boron tg produaad by U. S. Borax

Corporatton tn thrcc gradcrl enorphoul, 92-95* purltyl
anorproua, 95-97fi zunttyl and cryatalllnc , 99+# Brrrlty.
ltro 92-9# pwtby anorphour f,orn lc produccd by nugne-

rtun rcduotton of borlo oxtdc. The g5-gTfr purlty
arorphour forn tc produoed by reflncmnt of thc 9=-95*
purlty produot 1n an undttclotad procelr. thc cryrtal-
llnc forn tc prcparcd by fuaton of g|-gTfr purlty
aaorphour boron tn a vaouun furnace. Thla alnplc
fuoton up-gradcr thc gl-.gTfi natcrlal to 9W purttyl
unfortunatcLy, an undctlrabls tungctcn lnpurtty 1o
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latroducod f,rou an tnoandcrocnt tungrtrn olcotrode.

fhr alorphoua foru arc vcry ftnoly dtrtdedr lub-

llcron, pordors. thc oryrtelllae Eatarlal nay be

obtrlnrd ln ctzar ranglag f,roa about I fncn chunks to

-2O0 nclh. Elcrental boron ls yory hard, 9.6 on ltohrr

torle, and oarc rurt bt taken to avotd cxtenslvc gr[tng
of dlos rhtch arc uscd fon prerrlng oonplotcd furnaoc

ranpl.cr fron thc flnsly dtvtdrd anorphqu boroa. Thlr

tnforaatton ras obtatnod upoa r pcrronrl vtatt to the

U. g. Borax Bcseareh Corporatlon, Anahrtn, Crllfornta.

SrUDIBS otr AtonPnortrl BmOr rr lUE 80I$n FUnf,rCS

Ltttlo ouooerr rlr obtalnrd 1n etteupts to fuor

aonpactcd pondrrr tn thc rolar furneoo. Thc trercndour

thcrral cxpanrlona of adrorbcd and cntreppcd gacce

caurcd ompeotod boron or lanthenrn ortdc pmdcra to
vlrtually crplodc rhon tubJrctrd to atrong hoatlng.

Evcn v.ry ooapact aanpler of boron prcparrd by "baklns

out" prrrred eabg ln a vaouul furnaee rore crtrenely
dtfflcult to nclt ln tho rolar furnaoe . Iho upfr
layu sf pordcr reE riptdly "blarted off" rtth thr
rrrult thet holee rerc forHd undor tho f,oous rnd no

lrlta rorc fornod. Only by pnrraurlstng the renpLc

holdcr to tro atnocphcrcc rlth argon oould .ycn rnall
rclts bc obtatncd.



LA
Conttnued dtff,loulty rlth pordered, anorphous

eleusntal boron led to the abandonnant of plans to nclt
and zonc roflne long eaapLss prepared froa ooapaeted

pordera.

glTDIEg TT$T ANg FWBD BOROtr

Ara fuaed clemntal boron prepared frou U. S.

tsorar anorphous boron hy the U. S. Burcau of tllncl,
Albany, Orcgonr ;as sclccted for addlttonal lnrartt-
gatlona of htgh teuperature roftntng of elencntal
boron. Thlg nat,erlal raa oontaatnated rlth tungrten

fnon the arc elcctrodai conscqucntLy, the colar fur-
nae€ trradlated tanplos also contatnsd tungtten. Other

tupurttter tn the ortgt"nal anorphous boron also eppcar

1n gubseguant preparattons.

Ihan aanpLea rGre held for X.ong pcrloda of tLse et
hlgh tenperaturer, futed Eoncs of about 2 m. thtckncsg

aurrounded by t'rhtsker," or atalagnltee rerc forncd, Ftgs.
42 ana 43. rheec phcnomna ooour as a oonoequcne. of the

chort llquld rango of boron, Brtlnatea of thtr Llqutd

rar6c vary fron caocntlally zero (46rp.335) to lt5OoC

(3Onp.TT). lflrsa boron lc plaoed at the focug of the

solar furnaoe, nelttng occurs at the surfaoe and thenoe

dornrard untll the tanperatunc drsp acrosr tho aelt
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MELT CRATER

FIGURE 42
TOP VIEW OF BORON SAMPLE
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FIOURE 43

sroE vtEw oF BoROtrt
SURFACE OROWTH

SATPLE SHOWT'{G
OF STALAG]TrES
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aquatrr thc ltqutd tcnpcraturc rrngc of boron. At that

ttne, botll,ng of, thc lunfeee bcgtnr and furthcr FGrc-

tratlon of, the mLt tnto thc rarclvr subrtnatc ooourr

oaly rt rrtortal tr veporlscd frq thc rurfior, llhts

veportccd boron oondenacl rnd cryatelllzor tn ilrhlrhrrtn

around tho edga of thr rclt eratcr" Varletlon of tha

prclruaar of argon gau frsn a fora prnp rtouur to tro
ataorphona dtd not sfp$cotrbly cffect thc rexlurr mlt
thlokn rt, fott exprrlmatal run! rrr€ nadc at 1o
prccaurcl Ln ol{er to rlntntrl oanoklng" of tho glear

cnvtX,ope dtraetly abow thc tarplc ;lth the fluldtzad
partlolct of, boro,n end hpu,rltlea eoohed off of thr
larple.

I-ray lprctrorptntc lnalyseo of, the alorphour

boron, arc f,utrd boron, thc aunfaeo mlt boron, and thc
orhtllocrr* or rurftcr grorth boron arc prcrentcd tn

fable l.
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Dlrouarton of Epcctrwtrtc Analyrer c

An cxenlaetlon of thc leble { revcalt that tn
arrrl, rvstlr eetc a d!.ff,crcnoo ln oonporttton oeourr

bctrccn ero mlted boron and thr lan natcrlal aftm
aubrcqutnt rmlttng tn tl*c aohr furnacc. In tho

olr; of, lron, thc oorpcntrrttonr tro hlgh tn cvcry

crrG. In luch hlgh eonoentmtlont, L-#, rrsll
oharrgcr ln oonoentrattona nlght bc certly undctcctcd

tn thtr type of analyot!. In thom crlcr rtrcrc no

aBparcnt conocntntton ehangrr ooour bctrcen tub-
Itretc and rcl.tr i oonotntratlon ohango ooourr

brtrccn ths nclt ald thc veporlgod ratcrtal, rtth
thc crcrptten of f,r,oa. Iron tl lntroduocd by grtnd-

lng opcretlonr at U. B, Domr Corporatlon, and tt ll
gcn*eX.ly fclt thrt thtr tron oontcnt aan bc gftrtly
rcduocd by lcachtqg rlth acld.

X-ray aryrtallographtc analyraa rerG alao

obtalncd for rurfeoa reIt end turfaec grwth tenphr
prtnrcd tn tho tolar furmoo. lhatc anatrytct arr
glvcn 1n Sablo 5.



Boc of Sanplc

Surfeoc rlt
Iejor Goagtttucnt

Borsa earbldc
84O*

128

Itnor Conctltucnt

Rhobohodral, bonon

rtth traocr of tBlg
Rhonbohcdrel bo'rou

rABIE 5

cnY$8tlr&onAmlc DtrA FoB 80Irn rxrBxtc8
rtsI' AtD gIfiTAGE CROTII$

Surfecr grorth Sungatcn bortde

probably ffita

r8enplG proFersd by Erlndtng tn horon aarbldc anrolblc

Dlucuralon of Cqyatallogrephlo Data I

fhc ptrGacnoG of rhonbolrodral boron la thc rort notr-
rorthy f,soture of thorc anrlyaca" Ihrt rhmbohcdrel

boron tr alrayt formd by ogutltbrtul reoryataXltsetlon

fomcd by eguLXlbrlua frou the uolt ta bcoo:tng lnoretl-
tnsly epperont a! rolG auoh ralplaa arr prcpared enil

enrlygcd, (33rpp.?O-?6). fhen thlr etudy raa begun

tctregonel boroa al prcparsd by tho rcthod of lrubcn-

gryerr et al (3arp.9), um EGnorally alar.ued to bc thc

rtabtrc foru of htgh tsnpmatune bonon. Xn thc lrlt tro
y6Ers rovtral rtudtea, (Sgtpp.?O*?6) nortly of U. 8.

Bonax ficscarch Gorporatloa 9# criyatalllne boron, hlyc

shorn thc cxtatanea of a rhoabshedral hlsh tanpcnaturo

rtable fort of boron.
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colrctu8loxs

Thc coaoluatona rcaohcd tn thlt ttudy f,all tnto tro
dtvttonr, thorc rclattvc to thc trtlltty of tolar furnaoos

for htgh tcnpcreturG nrrcaroh and thooo rclattvo ts
alcmntel boron.

COTCLIISIOISI NEIATTVE TO $OIAN TIMXACBS

Ihcn thta proJcot ral tnttlated, thc partlotpantr

rGnE subJectad to nany prralntstle esunta conorrn!.ng

the foaEtbtllty of suoh proJcot tn e rcrtrrn Oregon loaa-

tlon, Ihtlc the tcrprrrtular attalnad by thc furneoc

rcre not ae hlgh at thoro prcdlotcd by ttrc optttlstto
thcoretteal caleulatlonc, thc dcrlgn obJeottvo of rclt-
tng boron, ll.P. 2l,OOoC, rar rqhtsvcd and gurpa;tod.

Ihc rolar funnaoe har rcrl uttllty for htgh-tenpcr-

aturc studtca of contaatnant conetttvo uatcrlela, Itr
uto aB ruoh, horovcr, rcqutrcr lngcnulty 1n tho dcttgn

of tho crportnontt lf ltr Lhttatlon!, G.g. naXl eanpla

atze, ltrtted axpolurc tlms, htgh thsmal ttrettca,
cte.r oro to bc clrounventod rufflelcntly to allqr tho

fuLlest uttltaatlon of thc advantlgoout fcaturer of thc

tolar furnace,
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trt thr ttdlcr ef rlnntel borea tt ry b
oonoludr*'thetr

1) -ttasr thc smt rttBr rfinlg rryctlcd la
trpqrrfrt trn pqrlty rf ;lrrltrl Dotron, roe rcfln-.
lnf, t.tr .th,,HDttl,tlre *ltlag, grrllrl reDorytritrg

rad ruDrr!*nt mfrytqr of r arrpL ta r oourtrlr*
crprrnt rq*nffi rwlfl, b. .rry?ctra to rffret frtlq0
,1.tnsrlrrurtn h,.purttf of ofirrollf f,pr{ torffr..

a) ft... rtrdlrr rcefftn thrt e bteh torpul-
, " '-l', 

". ,.tur rtrDh rhrDobrdnl bouon 6orr lllrt,

, ,l lsrehntr of Eotilrrrd mrplm ln, lln rotrrr
!\lrarm *r{rrtrc tbo drcl,oprat of rfrtld trct*leuitr
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BBCOMBilDArIOHS

fn a neeeat publ.laatlon (58rp.{0) ttrc preplratlon

of, adhercnt, theruelly rtrblo, attckr of, elonontal

boron frou pordarod anorphout boron ta dccorlbcd. flrta
pncparatton lnvolvat tha ura of boron orldc to oencnt

thc boron parttolcc togethsr, Ihen thc lanple ta hcettd

ebovc l5OO C, thc borsn oxldo vaporiaec loavtng r fetr*
Iy rtrong eoilpaot tarpl,G of clemntal boron. Such a

taohnlque could rcll ollalnatc thc dtfflcultlet rlth
oonpaetod boron porders cncountcrad 1n thtg ctudlr.

Iherc e rarplc 1r not to be travcrled throu8h thc

focuar r! tn zonc rcftntag etudlrg, thc tuhrtttutlon
of a rphor!.cal uanple holdor. for the eyltndrlsoX. snc

nor uged oould natcntally rcduoc the crttloal,ly tlpor-
tant oentcr rhadlng losa ln the rolar furmc€.
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APPBMXT



u9
optlcAt Am RADHm Ertsnor cAr#rfi*rrctg roB

THT ONEOOT STTTB COLIEOB 8OI.AB $ImIACE

Iherc caloulatlong ere btocd upon thc equetlonr and

ehartg dcvcloped ln the lGotton, Optlcal and Badtant

Bnargy Conrlderatlsas f,or e $olar t\rrnacc. The equetlon

and flgum nuabsrs to be urcd refer to that leetlon.
t'trc dltmtcr of ths hot apot sr ocntrel zonr of

conctent (ncarly) tntenslty, dt

d= a.o(. - 26(0.Ory31) = O.e42 inoh (r)

to thothc dtanctcr of the hot apot f,rtngc 1r cquel

lcnSth of a raJor arts of an clLtpm, ba, rher.c:

6o=-r&,e 
c'oa 01

Itrero O, t, the rtn anglo, 60o.

parebolog, P , oorrGspandtrg to Or =
fro a eonrtderatlon of, thc rtn angl,c,

dtarctcr, 5O lnohra, frm FXg. 10a

5o

@=
f,or fron equatlon 2:

= 34.6 tnohcs
2(0.866)

b2= ffi - s|.9(o'oqsr) 
= 0,645 tnahGg

0.500

tnagc at the focal planc of the

(2)

ftrc radlut of thc

5oo ta dctsrntned

e, , and thc rlu

6o

lhut the pcrfeot rolar
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furnaoc rould havc a ccatnal congtant latcnatty sonG of

O.e{A lnoh dtareter and a frlnge of decraactng tntenotty

havtng a dtamter of 0.545 tnchos, E6e FXg. l,l.
fhs concentratton ratlo of, a pcrf,cot parabolold

havtng thG taaG gcmtry aa that tn the furnaee rould be:

(8)

Thc fraatlon of, ths Gn*gy raflceted f,rou thc oon-

eentratsr rhtoh goot lnto tho ceatral hot tpot Lr equal

to tho ratlo of thc proJccted arGa of the conocntrator

and the arca of the hot rpot dlvtded tnts the coaccntra-

ttom natlo, t.€. 34rOOo. ftrls lt equal tol

= O.552

Thua only 57fi at tllc aol,ar nadlatton rcfLectcd froa the

eonoentrator goos to the hottegt zone of the focal lnage.

Xn tcats the rolar furrraoe attatned a tenpcrature of

2996oC ln thc reltlng of a tsntalu! foll. Fron Ftg. f6
lt tr tGGn that & [on-oonducttvel ooo-oonvcotlvc, blec]<

body tcuperaturc of 3OOOoC corrcaponda to a concentra-

tlon ratto of 8rOO0. Hocven, I tantalun f,otl ts not a

non-oonducttve, non-oonvecttye, black body, If the haat

loaacu by conrcotton and radlal oonductton alor,g thc

fotl arc ncglcctcd, and thc f,aot that the back sldc of

the fotl 1g alaoct ae hot as the faae tg oonsldcred,

c = -{. a1n2 €, = 34,ooo



', 
" 

f$
tba I rffii rlrli.tto oesttt|rtlal lrtfc {i &trtrrd.
Elacr tro frou llr lortag h.tt Dy rr0lrtloo, rrth.,
thru JEt oltr thr ocnc.otrr&tt ;rrtfo f,r .Crtrnln{
llr ltg. L6 to be, trdrSOS firrr thr trtrrtrlttrr ff
til trstllq fctl flau lrr rrrung to !l rqurl tr
Dlrci brly rrlmtrlBhr.

thr fUraler ftstor, f, tetlrrpdlE to I ooooea-

?lrtlctr ?itto. of 16rSO.0 ll.,f ; l

,: IfiH = o.rr
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STAOES OT DM'BLOPIEtrT ffi TI{B

onEooN stArE cor.rnoE soran ruRtAcE

lhturally, duc to the devcl.opontal nattrm of thla
proJcct, rmo rcylslona of thc orlglnal drltga rcrc
neo.arary to optlnt.za ths perfornanoo of thc aolar fur-
Raoc. Iho prcacnt foru of thc rslrr frraaor her bcrn

doserlbod prevtoucly tn the tort of thlr prpcr. Fcr-
turos rtrtoh havc becn nsyt acd fron thotr orlglnal forur
arc subscquontly brtefly dcaorlbcd.

HEIJOSTA! AIID STAITOXANY NEFIACTORS

Inltlal Dralgna:

Tho hellortat and rtatlonary rcflcatom r.rr
ortglnally cach 7 feot $luarG. ltrclr rurfaocg roro
eash conpotcd of 16 ntrroru, 21 tnohcr rguari. ThG

rtattonary rcflcotor ras ridc thr lalc elzt at thc

hcllortat so thc lsuo utrrort eould bc aado lntcr-
chengcablc.

Thc tndtvtdual ntrron acgrnte rrrc lountcd upon

rubbcn padr rlth atatnlctr rtccl bol,tc at caeh oorncr.
Thc cdgra of thc rlmor crgnonta ror. adJurtcd to
co-planarlty by plactng rhtnr bctrron thr llrror cor-
ncrr and the nountlne fd!. It bcoem appercnt that
thc non-planan oharaotcr of thc largo ntrror rognontr
rar llnltlag tho pcrforuaneo of thr solrr fiirnaoc,



w
Thc narlnun tcnperaturc ettalncd durlng thlc ctago ret
only about 15OOoC,

Flrrt Intcrln Stagri

In thls ategc an attcrpt to doforn tha non-planrr

drror rogtcnte tnto apperoxl:rtrly planar rhaptt rar

ledc. 3hl rtr"rorr rGr6 nouutcd upoR oarcfully lcwlcd
pLrrrood pancls attaehed to thc barts frarclork. Inrard

bmod ntmor seguenta rcrt f,orsod out by tho soLtd ply*

rood beoktng and tho outrer€ borad ntrrorr rrrG drarn

ln by manr of boltc pleord throqh holer drlll,od ln
thc erntcr of caah ntrror acgnrnt. Ihts lcd to dlr-
trtrou! tlrror broehago fror polnt rtrelns ar dlmn-
alonal ohangoa ln the plyrood backlag rcaultod frq
changcc 1n tclpcraturc and huatdtty.

Scoord Intcrtn Stagc r

ftra large rlrrorr rcrr out lnto Euartrrs to
atnlalgc tbe cffcots of non-plenartty of thc lndlvldual
rcglcutr (ffg. 44). Strarc at5mntr r.ro then tcnporer-

lly uountrd on thc plnrood fron thc prcvtoua atagc of
dovclofcnt. Only hrlf thc nlrroru r6ar uountcd but

trnpcraturo! aa hlgh ar tSOOoC rcrr notrd, trdloatlng
that a rtgntflcant lnprovomat ov.t carltcr dmtgRo had

bacn aohlcvcd. ftth thlr ctagr rcrvtng ar a aodcl thc

prorcnt, ruooealful, fornr of thc htllottat aud rtatlon-
rry rtrrort rGrG dcrlgmd and oonstruetrd.
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NOTE: Curvoture is greotly exoggeroted.
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FIGURE 44
EFFECT OF HALVING SIZE OF NON.PLANAR

MIRROR SEGMENTS
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firmttrt. tntgltrn rEols0f,I&

tt oltltarl dmlp of th. rrtnrtfrl t rctslat

: ghotocrll opt!.oel ryrtm mr rrrstl, rmlraier to thrt
: of tbl rltl,tuilr trr{klnl fhsteorll, lbt Ug63-C$,1

lntrrfmr Er Drovt{td bl r blrol ewrlrl cn thr brllo-
, rtrt rlrrcr, Fte - l5). lhft r,rGrr rr{utrd r
: ryohtlttlttlt l.*ar rbrdr{ rrr for xrllrbL cplrtlorr
, fi0 nr ltrorl{ri' tu f:rof sf tS FLrrn! rpta frtch

Drilrlirr lnerrrnil. rrnrtttfltt rlcnf rttb rrduct!,m of
eulttcel otutry-ffltt4.
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FIGURE 46

EARLY AZITIIUTHAL CONTROL PATCH




