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Tabla 2.2 ‘dimensionés-del:TEPI
. 'Longitud total
Longitud cubierta o
Didmetro del tubo interns
Diametro del ‘tubo externo
Espesor de la pared de los tubos

' 3.2 PELICULA RECEPTORA.

. las pelxculas receptoras de radlac1on solar fueron desarrolladas y

Vestudladas por el GRUPO DE SISTEMAS FOTOVOLTAICOS del LABORATDRIO

DE ENERGIA'SDLAR en lo que respecta al presentebestudlo solo

utlllzaremos los valores d

basados en las'publica

Cbﬁbuesﬁétde'ialpellcul

" Tabla 3.3, Propledade






: acéitefftéfmicp~,fherdn 1957 fiﬁidb;‘dde'

en s'pfgébas experimgﬁialés éel_TEP

;giﬁa:uh éﬁaqﬁe,de f , G

esta ‘se~encuentra

es el puﬁfo de ebullicién: del

estabilidad




termodinamicas:

20



VVIDRIG ; s
_Conductividad Térmica ( W/nmK )‘j
"Absortividad en el visible
Transmitancia visible
Emitancia en infrarrojo

FLUIDO (aceite a 50°C ) ;
Conductividad Térmica = ( W/mK- )'
Calor especificg (J/kgK)
Densidud (kg/ m™)
Viscosidad (kg/m seg)

FLUIDO (agua)

Conductividad Térmica ( W/mK )
Calor especific (J/kgK) :
. Densidad (kg/ m™) Ll
Viscosidad (kg/m seg)

AIRE

Densidad (kg/ m 9
Viscosidad (kg/m s) R,
Conductividad térmica (H/m K

PELICULA RECEPTORA -
Absortividad de rad. solar "
Reflectividad

CONSTANTES GEOMETRICAS:
Longitud en direccién: x|
Radio de cubierta (m
Radio de tubo interior - ('m
Espesor de los tubocs .  ('m

Tabla 3.2- Valores tipico
para. la simulacid

el calculerde est
correspondlﬁntes“
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Tipo de corrida

Figura | Dia_] Fluido

6.1

Qct. 31

variacion del {lujo de alimentacion

aceite

6.2 Nov. 1| aceite variacionde la temperatura de alimentacion
“6.3.-| Nowv. 2| aceite {lujo constante durante toda la corrida
“6.4 | Nov. 3| aceite variacionde la temperatura de alimentacion
6.3 Nov. ¢ | aceite (lujo constznte durante toda fa corrida

6.6 Dic. 9 agua flujo constante durante toda la corrida

6.7 |Dic 10 agua variacion del flujo de alimentacion

6.8 [Dic. 11 agua variacionde la temperatura de alimentacion

Tabla 6.1 Descripcion de las corridas experimentales.
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ACEITE.
R R 1] 2] 3] 4] 5T 6| 7] 8 | 9] 10 ] 11 ] 12| 13 14
~RESULTADOS EXPERIMENTALES )
1IORA 11.59 1225 1243 12.33 1225 12.23 1295 14.31 11.16 11.82 1374
1d 133.9 152.1 1550 1633 155.2 155.1 154, 153.9 7.3 713 59.9
Ig. 977,64 969,81 954.45 934.29 960.38 $44.05 93279 781.63 931.38 994,38 903.04
Ib 33348 319.50 501,50 789.40 51292 760,39 303.45 763.64 575.18 913.12 923.72
Ta 26.07 2734 2771 27,57 27.52 2719 27,5 25,000 2700 2700 23,50
Ts 44.57 42.50 42.07 41.67 XN 4U.54 712 77.09 41.66 41.51 45.56
Te 35.82 36.13 45,03 S260 3206 7404 7422 30.86 31.10 3252
Ts-Te 35 63 36 4y 82 32 29 111 104 118
m ZUE-63 29E-03 503 381503 2.8L5-03 J.uE-03 u3 2.1E-03 210203 20E-03
ai 647.64 642,56 62847 63451 62770 40 6637 63928 6104
Qu 3338 3593 G4 3 . 361 19.75 1877 1357 41,21 46,5
Eficiencia 47,357 S167 S3.407 55,430 44315 63.41¢ 290257 30,4545 6670 594371 70,418
RESULTADOS CALCULADOS
Ts 16,00 4334 12.73 4200 55.38 4777 56,94 40.69 77.49 77.02 4172 41.84 4310 045
Ts - Te 10.2 7.2 51 4.0 216 3.6 43 5.0 35 25 104 10.7 10.3 5.3
Eficiencia 55475 53497 57125 58.279 55.20% 56.90%% 47,997, 62.15%) 31.33% 29,657 62.27% 61.275: 61,537 60,45
ERRORES
Error ()| 3.22¢] 1.98%] 1.5794 0.795] 0.167] 0.0 0595 0375 0.327] 0.10%] 1067 0.79% 3] 430,
Error(E) | 7917 6.8271 7.37% 4,565 -0.23% 0297 3.63% -1.26% 2.30% -0.79%4 44950 1.79% 5850 -1314%

Tabla 6.2 Resultados experimentales y calculados para el aceite.



AGUA

PUNTOS | - 1] 2] 31 : 4] 51 6 [ 7] s{k 9] 10 | nl 1

RESULTADOS EXPERIMENTALES
HORA 1331 1331 1471 15.56 1024 1036 11,83 1271 13.40 14.82 1261
1d 155.69 151.66 165.05 131.33 117.83 11814 116,99 12119 121.11 100.05 133.43
Ip 555.71 515.57 665,70 43005 S350 917.00 93144 97102 925.66 70233 944.99
b 711.27 71215 660,78 S61.22 793,74 bl 567,34 864,72 §61.94 §01.92 822,96
Ta 25.47 25,69 751 2326 2136 2424 25.55 26.67 25,10 25.60
Ts 31.03 3145 3081 20.57 20.67 36.56 29.42 31.23 63.50 7148
Te 2576 20,15 26.02 25.77 2453 25.55 2563 26.73 60.72 73.70
T 529 479 34 514 1102 55 5.5 .07 38
m 22103 : 940G 20C03 | 226E-03 229E.03
qi 3 31209 650,74 5 633.21 | 537.22 633.32
Qu 4912 44.45 4333 57.54 35.75 ] 38.59 33.40)
EFICIENCIA] 75.077 77.45% T9.99% 61,445 $1.855% S‘LZ}]:{ 66.28% 48.62%
RESULTADOS CALCULADOS
Ts 23 349 .75 3007 29.41 29.69 . 29.26 3107 §3.71 7673
Ts-Te 5.47 534 4,13 412 364 316 1 341 4.29 2.99 .03
EFICIENCIA] 72507 T7.89% 78.73% 799147 80.01%% 75.637% 73 78,305, 73.075% 48.55% 42227
ERRORES
Error(T) | 0.60%] 0.3 -0.20%] -0.48%] 0,385 0,065 12720 6079 -0.529] 0.52% -1.63%] 0.59%
Error (E) | 3237 0.57%] 1.557] 3.60%] 3045 -0.057] S.A¥7 19.557] 4379 -3.90% -26.73%] 13179

Tabla 6.3 Resultados experimentales y calculados para el agna
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DURAN®

caracteristicas quimica
resistencia al agua e

segin DIN 12111, ISOR 719
segun USP XIX.ISOR720 - -

“el
-tipo

resistencia a los dcidos
seglin DIN 12116

resistencia a los &lcalis
segtin D!N 52322

indicaciones técnicas para
la transformacion

Las caracteristicas favorables del material DURAN ori-
ginan una bugna prrpxedad de manipulado en los proce-
dimiantos de transformacion usuales para vidrios técni-
cos, es decir, el ensamblar y separar

RAN es muy resistenta al agua, soluciones neutrales y
cidas, acidos fuertes y sus mezclas, asi como al cloro,

“.bromo, ycdo y sustancias organicas. Incluso, en periodos
. prolongados de accién y temperaturas superiores a

100°C, supera, en cuanio a su resisiencia quimica, a la
mayoria de metales y olros maternales.

Mediante la accion del agua y de los &cidos, se disuelven
del vidrio sdlo cantidades pegueiias, principalmente iones

- monovalentes, formandese entences, en la superficie del

vidrio, una capa muy fina de gel d& silice pcbre en poros,
la cual detiene otros atagues.

La superficie del vidno es alacada ce manera creciente, a
medida que aumenia la concentracion y la temperatura,
por el &cido fluorhidrico y por las scluciones alcalinas y
de dcido fosforico aitamente caleniadas.

Para eliminar tensiones {smporales que surjen durante la
manipulacion, el DURAN se calisnia a un méximo de
550°C, manteniéndose a esta temperatura durante mas
de 30 minutos. En consiceracion a la resistencia quimica
del vidrio, esta tamperatura de destensionado no deberia
aplicarse durante un tiempo proiongado (horas).

Para el posterior eniriado se recomiendan descensos de
temperatura segun !a siguiente tabla:

" 550a480°C

gams de temperatira 4802 402°C "400220°C
velocidad de enfriamiznto T o :‘
12 . grd/min 24 grd;min nasta 480 grd/min - ;
-3 r-grd/min 6 grd/min hasta 120 grd/min 5
. 0,8 grd/min K 6 grd/min | hasta 32 grd/mm E

Caso de ser necesario destensionar varias veces una mis- -
ma pieza, la suma de tiempos de destensionado a 550°C
no daberia exceder & dos horas.

DURAN suelda, sin producir tensiones, con vidrios borosi-

licatos del mismo tipo y se manipula y destensiona a las
mismas temperaturas.

DURAN puede imprimirse con pinturas de difusion de pla-
ta y con pinturas de serigratia.




Caracteristicas fisicas
 coeficiente medio de dilatacion
 lineal & gq /350 (Segtin DIN 52328)
. Terhberatura de,transfor'macién

. Temperatura del vidrio para las viscosidades
10309dPa s — Temperatura superior de recocido

1{)“ dPa s — Temperatura de reblandecimiento

104 dPas— Temperatura de trabajo

Temperatura méaxima admisible
para emplec en tiempo breve

densidad )
moédulo de elasticidad E

_numero de Poisson u
tensidn térmica especifica ¢
conductibilidad termica A (valida para 90°C)
temperatura para la resistencia
eléctrica especificade 100 Q-cm
(DIN 52362) t% 100
logaritmo de la resistencia
eléctrica volumétrica
a250°C
a350°C
propiedades disléctricas
(1 MHz, 25°C)
numero dieléctrico :
factor de pérdida dieléctrica tan &

indice de refraccion

( A =5876nm) nd. T ‘“ LTI -

' constante’éptica’dé’teﬁéV‘
(DIN 82314 K.

Yalor

3,25
530 .
e

S osis
270

S s0g
2z
e
o0t
o026
SR

.. 248

7.9,
16,5

. unidad
0K
°C

,yac
Cleg
;°c'

“eg
g/cm?
103N/mm?

1
Nmm-2K-1

W/sm-K

oc'

13



Produced “Ronga

Physicol and Chemicol Prop of Toch | Gl Table 1% 3 m 7
S — I S EE 3 Eircirical Vahuey Chemical esitonce
a0 I Tempartors of the Glass (°C) T eanvany for ; g ;
. " we | at Viscasities of fporses) e=iMm K jfond. wn wlw | w! s ' v '
Glens Stapes [
tio. Tape . !
!

20 30°C

s | ome tore |

" Fiolas ¥ omber

Apparotus and Loborolory Glasses

" Geroeregiar

Ampoula Glasses

<lear

N Theemometer Glosses N
Vew__ Normelglas ®
954 Thermometer glass

s
Sealing glores fer molybdenum and

Seoling Glostes -

fing glavs
]

Fetii-Co allays

UV Glasses

. Uiol 3.glss .

A6 ss1i ses
470 g7 1w 2a

Ll

(K=t

REIIET S

— 093

o7 4
028

Lse aursas e wioaen

- 1

© 1WA u v oottt of Lasar tomsl erpansicn

o,

enrioimoten tmpyeators
LR
307 Vuscerry oven)

aspondiey 1o

164 & viiaun pount [lowwr Eanesting lomporatural

ing point lvpner anneal ng lempeiatare]
aung 20-

' o
71T« tecmal on
196 € » Yoveg's mea.
PR L e rarmal andeo

£ = desecing tac

tan b & gl

1 oo

acordng 1o DN 3118 e 001 N RCLY
4 10 savesaions Guasiry




_APENDICE B -




Ve e
- ‘\'—.,.4.‘.’

a

A B

WA Y )7 transmision de caler,

Los aceites Mobiltherm Light 600 y 603 hon sido espe-
E ciolmente scleccionades pata ser usados en sisteimos ce-
= rrados de tronsmisién de color que utilizan ocvite frio.
Esle tipo de sistemas de transmisidn” de calor se utilizan
ampliamenle en la industria, donde se preficre caor
indirccto per razones ccondmicos o técnicas, en los cua-
las las temperetuias requeridas 1o se pueden olconzar
con agua o vopor caliente sin presiones excesivomente
cltos, las temperaturas de estos sistetnas pueden llegor
a 316 °C (602 °F) o mas, y a esias tempercturas, los
ceeitcs normales de petroleo tienden o descomponerse
debido al resquebrajomicnto térmico en compuestos in-
ferivres de ebullicidn, reduciendo el punto de infloma-
idn v aumentando el riesgo de que los vapores infla-
inoblas sean eliminados. En forma simultdnea, en'condi-
ciones reactivas, clgunos moléculas se polimerizan for-
mando maliculas mayores y mnds pescdas Ids cuales,
tan daspués de lorgos periodos de opcracion, pueden con-
ducir ¢ ia formacion de depésitos de carbén sobre los
L, superlicies tronsmisorus de color v @ una censecuente
reduccion en la eficiencia de transierencia de color, Los
aceites con cuatidades adecuadas de transmision de ca-
lor resisten la descomposicion térmica y la” oxidacion
quiniita y fienden o manicner en solucidn, todos los
productes de descomposicion que se forman. También
w+  poseen gran eficiencia en transferencia de calor y sus
. viscosidades son toles que pueden ser {aciimente bom-
bcodcs tanio a 1empcm|utos iniciales como de opera-
cidn. °

DESCRIPCION DEL PRODUCTO

tdobiliherin Light y 600 son’ aceites aromdticos de un
tipo que resiste la descomposicion 1érmica en condicio-
. nes conlinuas de alla temperaluta. Mobiltherm 603 es
un oceile paralinico de ofie indice de viscosidad es muy

. resistente a los efentos de descomposicidn térmica y oxi-

dacidn a altas temperaturas, €s fo mas recomendable
eiopord. la mayorio de lus nuevas uplicaciones donde ¢l
mayor color especilico vy la cenduciividud térmica, asi
como lus mejoies curacleristicas de temperatura- \‘Asrosl-

. . dad 1esultan ventajosas (ver gréfica),

- thobiltherm Light  y 600 son aceites cuidadosamente
tefinadas con rarges muy esirechos de destilacién y pun.
tas de influmacion relativamante altes, Debido a s re-
sisiencia o lu descomipoticion térmica o temperaturas de

it opcrucion parg las cuoles se fecomiendan, fo: puntos
de influmacién no se reducen significotivomente durante
el sewvicio. la nulurcleza aromdtica de estos aceites
tembisn proporciona alta solubilidudd paia 1odos los

- producios de wridacion que se forman, por lo cuie se
reduce tanto Ju fendencin de estos inmenisles o deposis
tarse an lag supedicios fransmisonas de calor, camo, la
Aeterleoendia con o elicienda en fu fransmisién de calor,

= o Mobiltherm Light

i ioperan sa”temperaturas  generoles

tiene un punto de cbulbetin inicial dg

: 232 °C{450:°F); lo cual - es lo isuficientemente
“alto como para permitir su uso cn sistamas cerraclos ue
del oceite tan alias
como 204 °C (400 °F): Lo poca viscosithudd y el punto de
descongelomiento de este producio o hocuen parlicular-
mente adecuodo para utiizarlo en lvmn: Gur eutin
expueslos o temperaturas, duronte pere dos de poraliza.
cién tan bojos como —26 °C {—-15 °Fl. Al iniciar I
racién de tal sisterna, Mobiltherm Light v circulard
menic sin consumo cxcesivo de energia en la bomba,
Kobi'therrn 600 con un punto inicial de ebullicion e
321°C(610 °F), pucae utilizarse con sepuridad en si
mos cerrados que operan a  temperaturas hosta e
316 °C (600 °F) sin aumentos de i seainposie
cidn térmico. Tombién puede utilizarze a temparatuies
inferiores al punto de congelamie! coNnZUMo ex-
cesivo de energia al iniciar la operacisn.

Mobilthenin 603 s un aceite de aito 1V, es {acil 22 bome-
bear al principio, adn @ temperaturas relativamente
bojas. A comporocién con Mobiltherm Light v 632,
tiene moyor conductividad especifica v térmica o tedas
las tempmuiuros asi que proporcicna unc moyer fiexi-
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. TLAFLRATURA DEL ACLHE — F :

bilidad y colentamicnto mds rdpidos ¢n un sistema, ron
caracteristicas de temperaturasviscomdad inGs Tavarae
Lles lo rucl dard muy buenos resubiodos dentto el un
cmplio rungo de temperotura., También resubo adeluo-
do puru uulnurlo en sistemos cerracos que upmun u
tempenituras hasta de 316 °C {600 VI,

CARACTLRISTIZAS TIPICAS: N
Loy conateninhngs lisicos vy quimicas de AMobilthoa oG
ght ;600 y 603 aporecen-en. lu 1able, Los valares enen
Na - senueslran como - mdximos o minimos ‘son /c-l'u 2%
ces que ')uu.lcu yanur hg amenie,




LAPLICACION .

El 2Aobiltherm Light se recomienda pora uiilizarlo en
sistlemas donde el mdaximo de temperuturo del accite no

™ sca mayor de 204 °C (400 TF), ¥ es panicelarmente apli-

cable cuunda parte del sistema puede cstur expuesto a
" condiciones severns como en los sistemaos de fuzién de
nieve, hasta’ temperatuias inferiores ol congelumiento
{26 °C =15 “I} dutunic puriodos de descanso.
Mobiltherm 600 sc reconiienda pora sistemas en los cua-
les la tempuraluroe maxime pucde Hegor aser de 316 °C
(600 °F) y en los cucles io temperoturs mipima en el
descanse no serd inferior a —15 °C {5 °Ff]. fobiltherm
603 se recomienda para los sistemas que operan g tem-
peraturas maximas de oceite hasta de 314 °C (40C °F) y
en les cusles lo temperotura minitno de descanso no sea
inferior o —7 °C {20 °F|. Es particulormente aplicuble
cuendo se descan oltas relociones de tiensierencia de
culor o flujes altas o tempersivras rozonablemente ba-
jos. Las coructeristicas de este producto o huocen ade-
ceody paca los sisteinos en los cuales se utilizon ciclos
combinudes oo woler y enfricmiento, pues {unciona efi-
cazmznie tunto o temperoivias ullos como bajas y resis-
te un ciclods térmico repetido, Mobiltherm 603 ¢s espe-
cialinente adecuado pera sistemas en les cucles la fil-
tracion e aire y el urrostre aumentan la posibilidad de
oxidacion,
Mo se recomienda mezclar los ateites Zobiltherm con
cceiles convencionoles que yo estan denio del sistema,
ni anodir un cczite convencional ol Mobiltherm, Dicha
mezcia pueds provocur lo pérdide de clguras de los
propiedades del Mobilinerm y complicar la interpreta-
cidn del andlisis hecho para determinar da vide @il del
uceite pora lo transferencia de calor. Mds cidn, la exce-
lenfe cstubilidad iénnica y de oxidacidn de fos aceites
Mobiltherm puede verse impedida. Sief Mobiltherm Li-
Ght & 600 «c ahude o un sistema que tznga un uceile
convencional, ln fuerte accién disolvente de estcs pro-
ductos puede detprender los depésitos dejodos por el
 cceite onterior, Esta accién de purga es benéfica pora

mejorar lu eficiencia del sistema de intercambio de calor

y circulocion, pero szra necesario la inspeccidn regular y

limpicza del filiro hasta que los depésitos scan elimi-

nodos. Asi teneimos que la duracidn de la carga inicial
pucde acortarse debido al motericl pegajoso contenido
en solucion, Los empoques y bujes deben ser de mote-

rial resistenie al oceite. Para temperatwas inferiores a

93 °C (200 °F), funa N scrd satislactorio para los scllas iy
anillos O™, Para temperoturas hasta de 121 °C {230 °F
pueden ulilizarse seilos Viton, Si lo temperatura es su-
perior o 121 °C (250 °F) pero inferior o 204 °C {400 °F),
utilice tipos de resinas fluorinadas 1ales como Teflén.
Pura temperafuras superiores a 214 °C {400 “F), debe
vtilizar sellos metdlicos o de osbesto.

Los accites Mobillhierm, al igual que clros acciles mine-
rales, deben ser utilizodos Unicamente en sisternas de
circulacion forzada, los sistemas que dependen de la
convaccion o circulocién del medio transmisor de caior,
no proporcionan un flujo lo sulicientementa rapide como
para evitar el sobrecalentamiento localizado y el répido
deterioro del accite. Mds adn, eslos aceites no se reco-
miendan para utilizarse en sistemnas abiertos an los cua-
les el aceite o allas temneraturas estd expunsts cirecta-
mente ol oire. Los aceites Mebiltherm, al iquol que los
productos de petrdlco en general, son combustibles v se
aueman si estdn expuestos o uvna fuznle de ignicidn.
los accites Mabiltherm cclientes no encendnran por =i
solos si se alomizan o escapun por los puntss de fuga,
para clle se requiere una fuente de ignicidn.

Al igual que con los demés productos de peirdlzo, la
exposicion excesiva y prolonguda de lo pict o los tceei-
tes Mobiltherin puede cousar problemous en lu mismo
Se recomiendu un pregrama de buena higiane puisonaul
si_hay contacto cuténco: huy que lavar con aguu y . jo-
bén, si la ropa se moja, quitesela y lavela onies da vol-
verla a usor. :

VENTAIAS

Cuando se siguen las recomendacicnes, los acsites Mo- -
biltherm de trunsferencia de color proporciznardn los si-.
guientes ventajos y beneficios: : :

Mayor resistencia a descomposicidn 1érmica;
Mayor libertad conira lodas y carbén.

Mayor duracién de la vida de servicio.

Mas facilidad en sisternas {rios ol inicior.

tAaycr transferencia de calor.,

Proteccion contra la corrosion,

o
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qLOSlT\' LIQUID : .
: A rc\.ummcnded equauon was rclcnscd Iullnw ing the vurk of the Sixth lnlcrn:\uuml Cnnh:rcncc on 51..,nm (wﬁ-l '~‘Mh-\un T'\Ixir-)
(T in F)

#NEM?) = 2,413 x 1077 x 3 0LHMAT-1)

AN cuvllm{ Toview of Um suhjvﬂ wae made by Kestin[515].  The viscosity of water at :ﬂmoquHC prc-:sun: nnd at a h-mpcx-\- )
Tnireof 2 2 C‘.-.\as‘mc.ahuud accurately by Swindells {8347 and by Roscoe [ 762] 5o that accordingly » rensonable valuca is Hae, 15k =
“nu;t 0. u01} 10'? N see ™ The firat vquation slave covers Lhe range 273,15 K to 573,15 K and was adopted to gencrile the present h .

aluesup to §73, 15 K,

At the ‘Seventh Interrational Conference cn sleam several papers were presented, based on s unlque equation to represent the, .
Whole p, T, }t domain{666,775,696). The correlated values fall within the toleranees of the 1664 Skeloton Tables; and go does a cor-
rdlation by Bruges T 104] which is extended to the critical point, Tanishita's [ 896) values were used to generate recommnended values
butu"l.:kun 573,15 K and the critical point.  The accuracy rtatud in the 1964 Skeleton Table is £ 2 percent. .

The tabular values so obtaired were fitted 1o fwo funetional forms which differ from the above, Below 625 K, tht etuation

: ) 10 (107 Bsm™) = A4 B/Ts C/T 0 S ¥ . L (TinK) !
yr.;as usud to represent the values with the following results; FE a o T . .
Loty Range °K) A B - ©Av. dev. (5 Max, dg‘\{‘. 5 : SIS S
’ s 273-350 0030186 -2191. 80 .. BU3BEDS - 105 0.8 1,5 {300 1) 3 kO :
C - 350-500  -3.32950 13, 18574 772, 65531< 10% £0.3.(390 K)

‘1.1 (.,uo rq

- 599-620. " -R, 77361 5875, 87 1+1,282195 10%

. From 61010, 640 K, the pulynonllnl S :
SR

ere U

il ap

i e
- spruratlon presssure in the range 373. 15 K 10 573.15 K. Tle subject lms béen dlscussed at’]ength by Kestin (5151 In'his'presentation of ;
- the 1864 internatioral Skeleton Table.” The equation is B e e
i . [
. . where C_ . .
’ {

The tolerance stated 1s i 1 pcrccnl..

equntion is that uscd to generate the 1 aim gas values,

nuy [752) Thur rorrrlnlud values fall close lo the tolerance of the Internationnl S.u:lclun ‘hb
\nh.l‘p‘)l'llc-l fram the values of the latter, in the range 373. 15 K ta 575,15 K. At h!gher lempura

guner:ie the yecommended values.

’l'hv: vatues 60 derived could be rcprc'.::nled by the cmpirical cqu'.uinn

(Lu"mmr) AauT C 1 ur‘

‘\\:l’lh the follawing rosults:’ .
Range (K} A ©EB
:-373-500 : -27,70084 . .0.21142

U800-60Y L E580, 0762,V '8, 95083
¥ 600-640 " 21415 90286 . :

2611173734207 5, 50000 + 10

These Ins were u;
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N \T'HERM‘AL CONDUCTIVITY - LIQUID
'k'}'o\lbwing the Sixth Internatlonal Conference on the properties of sleam, & supplementary reiease on transport propettive tabilated __
‘vecominended valites of thermal conductivity for various prossures and tempuratures and not for saturated states. A convenient Eource
‘for this tabulation in the U.S. A, is [€49a). Surprisingly, the converted tabies In engincering units in {644a) likewise are not for ratu-

rated states.” However, the recommoended tables were used with a later paper to produce tables ot saturation conditions [ 755) for 5 €
Increments, - Other similar tables for Jarger fnerements have aiso appeared [3562,990). These were inter-compared antd mqiite good

agreement hetween o1l fetr oveurs (usually within one digit in the values). In view of the close Increments of the £ 755] tables thine were
used to geoerate the recommended values to 625 K and values above 600 K were also generated from a large scale graph, -Values from
both methods between 600 and 625 K were adjusted to provide & smooth transition. According to [ 755], the values should have an necus e

racy of within 2 percent or better helow 575 K, about 5 percent between $75 and 625 K and 10 percent at higher temperatures,

The values so ehtained were fitted to the cmplrical equation
k (Wm™ K"y = A+ BT+ CT?« DT?

with the following resulta:

Range (°K) A B c D oo Avedev, (%) - Max. dev, (T:)

o 273-400 -0.61694 7.17851-107} -1,16700.107% 4. 70353 1072 0 15 (310 R)
ST 400-500 -0,14532 4.02217-107Y -4.64993+ 107 1 -4,g9256-10712 i
600-645  190.40345 . -0.84130500 1. 5584704 > 1073 -5.6195"56 197 3

“These-fits were used ns basis of the present tabular values,

“THERMAL CONDUCTIVITY - SATURATED VAPOR

Following the Sixth International Conference on the propertles of sleam, a supplementary release ok transport properties tabu-
1ated recominended vajues of thermal conductivily for various pressure and temperatures and not for saturated states, A convenient L
l-ll
states. However, the recommernded tubles were used with a laler paper lo produce tables at saturation conditions { 755) for 5 C intre-

.eource for this tnlulation 16 [ 644a].  Surprisingly, the converted tnbice In englnevring units 10 { 644a)-likewlre nre nol for gatur

ments. Other similar tables for larger Increments have also appeared {3563,990). These were inter-compared and quite pood agTee~
ment between the { 990] and { 7557 tables occurs below 600 K (usually within one digit in the values). Some larger diffcrences occur be-
tween cither ef these ects and the [356a) values, In view of the close increments of the { 7557 tables these were uscd to generate the re-
commendzd values to 625 K and values above 600 K were also generated from a large ecale graph. Values from bhuth methods belween ouo
and 625 K were adjusted to provide 8 smooth lr:msn.mn. No nssLssmonL of accuracy belowr 625 K Is given in [755]. At bigher wimpera=
tures a ten percent uncertainty s assessed. This is considered tn be applicable to somewhat lower lcmpcr:\tures also, the tneertn Iinl)
gradunlly decreasing to e few percent nt 373 K and ns much aa five pereent at 273 K,

The values so obtained were fitted to the empirical equation 3

% (Wm“IK~Y = A + BT + CT?4 DT® L S (T ey
- with the following resalts: . : y - PR TER R o

Range {°K) A B c 0D Ava:devy (% " Max, (lﬁ)‘. (9. n

273-500 . -0.0037991 . 4,48666,107% - -1,24256.107% . -.1.35385.1077 0.9 T RY .

500-660 -4.30376  0.025038 -485793 710787 37177035 1074 = 0.4 {860:Ky T e
600-640  -143,0834 0.7358720 -1.220443- 1073 . £.759907 - 1077 1.6 (605 K}

. These fits were uscd as basls of the present tables,

THERMAL CONDUCTIVITY ~ GAS

At'the time of compilation of our carller tables {405, 585, 920] scvere discord existed between the data of Geler and Shaler [ 298],
Vlhcl‘[S"ﬂn] and various [ 985, 191, cte. ] Rusrlan data at lunpvrntur;a abave aloul 600 K. More recently, newer experimental { noin)
and theoretical { 10720] sudics have appearcd which support the Russian data, - Brokaw [ 100 was also able to adjusl the Geivr auned Shafel .
data by considering beth calibration and neglect of accommodation coefficlent errors while the Vines data were shewn by Drain {s8a] to
be compatible with such a chalce if the highest temperature datum is neglected, In addition to the above work nuimerous tables s
{3560, 448,755, 990) have appenred as well as a cnleulation [ 8AAa] for the hylrogen - oxygen mixture (which Included 1HO} up to SHOOK.
Comp:lrl.%on of these newer vatues showed our previous tables to be reanonahile below 60U K and such values were retained,. Between o
600 and 1000 K the values were seleeted from a corﬁpﬂsue of the [ 89a,356a, G448, 755] tables. The various experimental data aml more ‘

i
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GAS

\'ISCO::lTY

. The Sixth’ lnlcrnallonnl Cnnlr‘rcncn. on the propertles of steam chirged a pnncl with lhc task of prmluv.lng néw i‘\'nh & uf ||.m=,ort
propcrﬂes. Thc rcsult was the recommendation of the equation: .

P=(30,440.407 420 Nseem™ L. T ; {tinQ

which served for the representation of the viscogity of superheated steam in the range 100-';00 C, Ip the Internationa] Skcleten Falle

(1964).‘ This cquation is hased on Shifrin's [ 844) vosults as & primary tefercice. An excellent discussion on the suhject ean bwe'fouad
ina paper by Kestin{515]. The tolcrances are £ 1 percent in the range 373-573 K and £2 percent In the range 573-973 K.

Several papers presented at the Seventh International Cenference {Tokyo, 1958) weve dealing with the sibject.  Three of these ar.
bnased on a unifue eyuation for the represcentation in the whole vircosity - pressure - tempurature domain, instead of {our equations
representing four reparate domains (Tanishitn (886}, Miyabe [666], Rivkin [ 773)). Another papaer, by Druges { 1047 which is an ex- "
tension of a previous work { 105) uses several vquations characteristic of different siomains, and Ineludes the experimental vrevulty ol’
Latto [569]. Based on the same primary sources of references the values obtained in different correlations fall well wilhin lllu lulcr-
ances given by the International Skelewn Tnb]L {1964), Therefore the values were generated from the above o q.m.mn,

The values g0 derived were fitted to the semi-empirical equation - : :
g (107 Nsm™) = JT/(A+ B/T» C/TY AT iny)
with the following results: : ; . A
: Range {°K) A B C | Av. dev, (’,‘;),v s Max, duv {%)
a : - 2BU-500 7'~ 0.510628 365,423 16015 0 (J3 “0/08 190 K) B
S 500-750 .- 0.365683 490,099 . ~13608 : 0.03 GGU K) .
o :50-1000 ..-0.300818 875,159 qs3 1.0 72 0:03 {770 K} 2
.
: |
: -




REFRIGERANT T18
recent caloulations have been compired. Many older calculations, estimates or t:blus{ﬁﬁe 4363 476a,517, 544,571, ﬁvi 95531) are
now considerably in error. While some workers [#8a,918, etc.] feel the vacertalnty up to nearly 1006 K may be. less than two g reent,
‘a-little grealer unconalmy would appesr to be ‘Tealistic in the upper gart of thus temprature r.m;e

" The values so oblained can be represcnted by the semi-empirical vquation

T N K (Wm VK™Y = [TAA« BT+ CFTF, ; ; L {TanR
with the lonuwlr\"{ results: » . : L [ i
: Raige (°K) X B. c Av. dev. (7). Max. dev. (%)
.373-600 ~138. 818 '4.60327-105 . -4.EE631-107° . 0.1 1 0.5(450 K)
. 600800 123, 40306 330796105 ¢ ~7,26429¢10° & 0.0 o 0.1{170 K
800-1000 - 95,3080 1.72643+ 10° 5.43126¢10F 0 0.0 0.1(930 K

- Tln. prcﬂunl luhlun wiere based upon the Rlove fita,




SPECIFIC HIEAT - LIGUID

B There exist about 30 sources of Information for the sgbaric speetfic heat of 11quid water.. As water has been the most
uhl\'ersally used reference liguld in the measurements of heat capacity, it hos been extensively Imvestigated and the discrepancy amang
ihe repoited data is rather small. The exlorimetric data of Ginnings and Furukawa {307] und Ostorne et al. [698] are considered to Le
the most reliable in the tempurature range between the nom. p. :v':xd the 'n,b.p. Therefors, heavy v@'ulght {6 given to these data, Further-
more, ta obtain the correlation at higher temperature, weight s also given to two scts of derived values from P-V-T relations [ 344,
814] and to two sets of compiled values under saturation vapor pressures { 655, 856}, However, no welght is given to other sets of
calorimetric data [ 160, 177, 274, 434, 340, 719, 794, 788), derlved values from P-v-T relations {1883, compiled values ["94 473 636,
767,858, 872] und several scts ¢f correlated and cited values (222, 381, 525,562,829, 1052].

The correiation for‘muias obtalned are as [ollows:
For tvm;eratures from 273 K to 430 K:

Cp(kJ Kg"'R™% = 17,6611 - 0, 157914 T + 6,05619 x 1074 T? ~ 1. 11867 x 107° T% & 7,60297 x. 10780 F 07 1 (T lnk,

“For temperatures {roro 430 K to 603 K;

€, (e hgTHTH = - 96,6159 + 0,635694 T - 133872 x 1073 TRs 9.44562x 1071 - R Y
These equations are found to fit the abeve enumerated data with mean deviations of 0.05 and 0.77.percent and maximum deviations of
0.13-and 2,3 percent, respectively, The values were based upon the above formulas. - Values below 500 K should be. substantially
correct within one percent, huwever, the uncertainty increascs above thls tempurature, "Thaose ‘:alues; compared with steam tahles’
{15,237, R17}, arc found to agree with them with a maximum deviation of 1. 1 pereent at 553 K,

SPECIFIC HEAT - SATURATFED VAPQOR.

Several soutces of lnfc‘urmnllnr. are avoilable for the isobaric specific heat of saturnted water vapor. Among them, the cor-
related vnlues in eleam tables [ 387,817) are constdered to Lo the most relinble, and thorefure, the original values in thie nalysis were
determined by graphical irtergolation of these rets of values, because it was dilfjcult to find & single empirical equation which could
represent the values over the entire temperature Tange from the n.m. p. up to near the critical point. Several sets of data found in the -
literarure were compared with the present recommended values, They are correlated values of Engineering Sclences Data Unit { 15),
thermodynpamically calculated values of Shelndlin et al, {614, 841], and compiiation of expwrimental and theoretical data by Sirata { 855],
All the values cover teshperstuzes from n.b.p. 1o the critical pwint. However, the dilferences are somewhat large.

‘By fitting the tahular data te pwlynomiale of the lu.r-m

t:p (kd kg"'K™r= A« BT+ CT?4 DT ; {Tin Ky

aver various temjurature ranges tie resulls were:

Range {°K) A B c D Av. dev, (’/'4 Max. ‘dev. (59

280-380 -0, 23980 0.022888 -8.56702- 1073 1.05187- 10°7 0.03 .0.09 {370 K) .

380-470 . 46152 0.092407  -1.08275- 1074 1.24709- 1973 0,02 0,08 (450 Ky I
470-560 - . -236, 736 1.45001 -2,95528- 107 - 2,030G9:10°F 0.36 o.10 (490 1)~ o
570-610 -12,432.635 64.653357 -0.11242929 £,55000-1¢"% 0.39 0, 74:(590 K)

510 530 4305.8 -14,3600 0.01200 00 20,00 0 00 -

(ll should be noted that the last fit is exact 23 nnlv three Jata polnts were used as {npul }" The tabulated \:llucs wcre hnsed upnn the:
:bove fits.

SPECIFIC HEAT - GAS

There exist more than one hundred sources of Infor mation on the speeilic heat nt constant pressure of waler vapor, * A pumber of

extengive hemt engaeity values for the Ieal gas state have been deeived from spectroncople and molecular structurol data, The

wen
presented by Gorder {334], Me Bride et al, (635], and Gurdon [634] are considered o Le Teliable, us well s [our'cmnpllnuun tables
{ 10,218,401, 1050]. Therefore, equal weight Is given to thuse works in thls analysis, lowever, other sets of exteasive throretical val-
ues {97,156, 266,267,311, 465,517, 758,616,101 1, 1017, 1060} and varlicr sintistical caleulations [ 102, ]IJEI.JZR, 329,462,522,541,5600] arc
glven no welpght as well as a alngle paint value oblained by empirical correlatton [44).  The extrajolated values to zero pressure from
calovimetric measurements { 166, 268, 638] also are not used in this analysis, The correlation formulas obtained for the ideal gas

.. specific heat are as [ollows: ’ v



For tempuratures between 270 K and 20¢ K

C* (k3 kg™IRTY = 1, £u208 - 5.40671 % 1070 T4 1, 74476 X 107 77 - 8,28450 x 1071073 '

For ﬂlcm)v.-m(ures betwees $99 K oand 1500 K R X
cpe (kd KE™' K™Y = 155271« 6.42690 x 107 T'o 1,39713 x 1071 T - 7.46571 x 1071 T g (rinKy

ted values with mcan deviations of 6,03 and 0. X.’lp':rw.-n\.ﬁml Axccimum deviatinns of

These equatiens are found 4o fit the abave enus
0,0%and 0,73 poreent, respuctively, The values are Lased upon the above formulas,  The tabulaled values ul"Cp= shunlrd tae sub-
stantially correc thin one pereuent over the entire temporature range. The present values are alse compared witl steum taviles £15,

817] and found to agree with thum within 0. 40 percent,

A nunmiber of exparimental and theoreticz) values are available for the epecific heat In the reat gas state.  The theoretical vinlues
derived by stadistical mechanics and the correction of gas imperfection bave been presented by many investipators.  Among them, re-
#ulls of Masi {620, Fano et nl. [267,268], Meek (468, 3%0], Keyes et al. {522, and Hileenratli et al, [401) sre considesed 1o be
reliable, as well o5 two sets of correlated values {544,1012), These values are given eequal weight in the present analysis. Two scts of
calorimetric data { 536, 635] are ales reliakle and are given weight, However, no weight Is given to the following works: calerimstric
data {288,596,725], theoretics] values [330], derived values from P-V-T data [ 148, 470,684, 7293, from velocity of sound {1
0] and compilations [ 67,319,435,594,685, 655,1011}, The correlation formulas obe

Ioem-

pirical correlations [ 24,66, 76,222,374,351,523,
tained for the rpocific heat in the Teal gas state, independently of the 1deal gas specific heat, are as follaws:
For temperatures between 373 K and 535 K:

% = 6.13705 - 3,73435 x 1071 T« 7.48227 x 107% T? - 4,95562 x 107V T° (Tin K}

C (kI kg 'K
p(JgP

For lumpuratures between 535 X and 1500 K:

4 - 1,10406 x 1074 T - 6.30426 x 1071 T - 2,

)} (k3 5g'KY = 1. 83 02 x 1070 T3 AT R

tions of

These equations are found lo [it the above caumerated values with mean deviations of 0.46 and 0. 43 pereent, and maximum dev
1.4 and 1.9 percent, respoctively. The values of €Y, based upen the ahove formulas, should be substantially corrcct within two
percunt over the entire {empera‘ure range. These values are also found to coincide with a steam table [ §17] with o maximum deviation
of 0.98 percent.  Various empirical equations { 60, 81,310,372, 830, 831, 657, values at higher temperatures (62,117,632, 1640, 1049}
and st lower temperatures [381], high pressure data {194,516, 814, 841, 654, £55), and mean émci[ic heat values [ 72] werd not critically

compared with our values.
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i Theemal Canductivity ‘, Specific H:al.:ﬂ P
‘ : B/ {he) (1) {F) s B/ byl IF) L Teoup.!
* | 8at: Liguid " Sat. Vapoe Gus, P=1atm] Sa1. Liquid ~Sat. Vapar .Gas,Px1atm| Sat. Liqud ~ $at, Vapor | Gai o Gasn o feF
A : % 10°%F . x102 C i leple aten fephTatm |
0.0195 - 0. 929 0. 0100 P WL 0. 4484 -4
0.0199 - 0. 14 0.0103 - Lous B 04842 -
0.0204 - 0,339 0. U105 - L3 S0, 4445 -
0.0210 - v, 345 0.u107 - - 1001 < 004448 0 0048480 -
0.u215 - 0. 350 0.0109 - 1.0u0 0.4454" - o,4482 - -
0.0221 - 0.351 0.0112 . 0. 993 04464 04456
0.0226 - 0. 359 0.0114 - 0,998 074475 7 0,445y ;%
0.02392 - 0.363 0. 0116 - 0,998 . . 0,4488. 00,4463
0.0247 - 0, 367 0.0118 - 0,998 [ 04504 004467 0 -
0.0243 - 0.371 0.0121 - 0. Y98 0.4522.7.0.4472 -
B 0.0248 - 0. 374 ©.0123 - 70,999 70,4543 T 0, 4476 -
0,0253 - 0,378 0,0125 -l 000,000 09,4567 0, 4480 -
9.0259 - 0, 381 0. 0128 - L0007 T 045050 0. 4485 s
0.49264 - 0. 383 0.0130 - TEU, 001 004626 0.4490 -
0,876 ¢.0270 - 0. 385 00132 oo 100201 E 054661 0, 4495 - .
0,813 0.0275 - 0. 288 0, 0135 - - 1,003 0.4699 0. 4500 -
0,762 e.0281 - 0. 390 0.0137 - - 1,005 T 0.4743 0. 4505 -
0.71% 0.02£6 - 0. 382 0. 0140 - 1, 006 047815, 0.4510 -
0.6C8 0.0293 2.93 0. 34 0.0143 ¢ 1043 0= 1008 0.4859° 0. 4516
0,638 .. 0,0295 2.97, 0,495 0.0145 144 LS T 0.4%02 0 . 0.4521 u,
0:574 0. 0306 3.08 0.40151 1,47 1,013 0.50197 7 04532 (4
0.521 06,0315 3.19 0,0158 7 153 -l 1 0T oo 0.5157 0. 4544 0
0,476 0.0326 3.30 0, 0165 1,58 1,022 0, 5319 0. 4556 v
©,4:19 0,645 311 0. 0172 Lod 3,029 0. 5508 0. 4568 u
0,406 0,0345 a.52 U, U151 170 S LU 0.573 0. 4582 [
©.379 0.0354 3.63 0,010 - L75 1. 053 0.598 0. 4595 [
0.355 0. 0363 3.74 0, 0199 LB 1066 i 0.626 0.4609 0.
0.334 0.0373 3.85 0. 0210 1.87 1,076 . 0.7658 0. 4623 o.
0.315 0.0182 3.96 0.0222 . 1,94 1,085 0. 695 0. 4638 0,
0,298 40,0391 4.07 0, 0234 . 2,00 1, U85 - 0. 740 0, 4653 o,
0.285  0.0400 4.18 0, 0248 2,06 1,107 57 0785 0.4588 0.
0.272 0.0412 1.29 +r 0, 0267 2137 1124 7. 0,635 0. 4683 0.
0.261 0.0422 4.40 0.0285 .7 2,19 1.148 0. 895 0. 4649 0.
0,251 0.0432 4.50 0,ul6 .. 2.26 1180 77700968, 0,4715 o,
e.241 0.0443 4.61 0.9329 2,33 L2022 1,058 0. 4731 v,
0,230 0.0455 4.72 0.0357 2,40 010275 Tl 170 0. 4747 [ L4y
0,220 0.0470 4.83 0, 0392 2,47 1,344 1,301 U. 4764 0, S560
0.210 0.04B8 1,94 0.0434 2.54 . p4er 1.48 " 0,4761 o, €50
0,700 90,0519 5.05 0. 0486 2,62 Tt1, 828 1.71 0,4798 0, 4517 B0
0.190 0. 0537 5.16 0. 0543 2.69 165, 2.10 0, 4518 e, 4un2 a0
0,180 0.0573 5.27 0, 0636 T Tpi7e T 3 hRsRY o0, 4812 O, 4k47 49
0,170 0.0620 - 5.38 0. 0756 2,83 2.9 0. 4550 U, 4863 Ly
0.155  0.0092 5.49 0. 0534 - 2,90 6.4 0. 4567 U, 4870 i)
6.121  0.077 5.60 0.1203 ° . 2,98 0. 4885 0. 4695 Tun
0.101 0,101 5.63 0,139 3.00 0, 4890 04800 Tuh®
T 0. 4929 0,435 750
0.4973 0. 4977 500
0. 5018 0. 5020 #50
0. 5062 0. 5063 900
0. 5105 0.'5107 950
0. 5150 0, 5152 1hu0
U, 5245 U, L2445 11ug
o 540 - 1200

0, 54338 1o
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PIN PHOTODISDE 50824200

]

PSR

series

SFaN
- NDO J

© 7 The 1P silicon planar PIN photodiodes are ultrafast
-light detectors for vigible and

near_inf

ired radiation.
Their response to blue and vielet js uy

uelly good for

low dark eurrent silicon photodiodes.

The speed of respounse of these delectors is luss than-
one nanusecond. Laser pulses shorter than 0.1 nanosec-
omd may be observed. The frequency respouse extends
from de ta 1 Glta,

‘The low dark current of these planor diodes enables
Getection of very low light levels. The gquantum detec-
tion efficiency is constant over six decades of light in-
tensity, providing an excellent dynamic range.

The 5062-4201 has an integral glass fiber-optic light

guide which places the 0.020 inch dinneler sensitive
zore optically on the end surface of the device. Both
photodiade terminals ave electrically insulated from the
header.

The 5082-4203, -4204, and -1207 are packaged on a
standard 7018 header with a plane glass window cap.
For versatilily of circuit conneclion, they are electrically

insulated from the header. The light sensitive area of the
5082-4203 and -4204 is G.020 incl (0,508 mm) in diame-
ter and is located 0.075 nch {1,905 nun) behind the win.
dow, The light sensitive nrea of e 5002-4207 i5.0.040
inch {1,016 mm) in diameler and is also located 0.075
inch {1,005 mm) belind the window.

The 5062-4203 is in a low capacilance Kovar and
ceramic package of very siall dimensions, with a hemi-
spherical lens.

The 5082-4220 is puckaged o a TO-46 header with
the 0.020 inch {0,508 1m) diameter sensilive area lo-

~ caled 0.100 inch {2,540 wzm) behind a flut glass window,

NOISE FREE PROPERTIES
The noise current of the PiN diodes is negligible.
This is a direct result of tha exceplionally low leak

. current, in accordance with the shot noise formula Iv =

(2qlx0)H2, Since the leakage curreat does not excacd!
400 picommps for the 5082.4204 at a Teverse bias of 10

_volts, shot noise-current'is less than 1.2 X-10"*-amp:

Hz}/* al this vollage.




. Excess nuoise ts nlso very low, appearing only at {re-
quencies below 100 Hz, and varying approximately as
“1/[. When the output of the diode is observed in a load,
thermal noise of the load resistance (R,) is 1.20 X 107"
(Re)-V* % [)* at 25°C, and far exceeds the diode
shot noise [or load resistances less than 100 miegohms
(see Figure G). Thus in high frequency eperation where
low values of load resistance are required for high cut-
off frequency, all PiN pholodicdes cantribute virtually
no noise to the system {sece Figures & and 7).

Ultra-fast operation is possible because the HP PIN
photodindes are capable of a response time less than
one nanosecond. A significant advantage ef the device
is that this great speed of response is exhibited at rela-
tively low reverse bius (—10 to 20 volls).

Because of its high sensitivity over a wide spretral
range, unprecedented speed of response, unrivaled low-
noise performance, and low capacitance, the HP PIN
photediodes are the most uselul and versalile silicon
photodivdes available. :

Y ROTEST™ T R

_ 2. Current Respousivity

1. Peak Pulse Power |
When exposing the diode to lugh level xrr-n.\nncc the |
l[ollowing photocurreat hxmls must be obscwed B

Iy {avg) ’L
l'
and R
I (peak) <500 mA - or - - sea eemiiia Tt
1000 Amps :
t{ysec)
by (avgl
_ <h
whichevér ol the above three conditionsi
~ ly=—photocurrent
. Ey—supply voltage
l—pulse duration
[—-pulsu repelition rate

Response. of the photadiode; to 6
Irradiance H, parallel to lhu pular axi

- OPTICAL CHARAGTERISTICS AT 25°C

Response at §
f N 7700 A (1) Sensitive

o Cii‘nmclnr}slicsf‘- Sl s B i ) el Area Dl,gm‘“lqr'" =

'Sp,l:cdr

L




I a ety 2

B R P 1

1 T1=fy X H for 7700°A: The response from a field not

3. 5082-14205 Mounting Recommendations .. °
- 8,°The:5062:4205 is inlended to be soidered

printed circuit board having a lickiess of from

‘parallel to the axis can be found by multiplying By ’ 0.920 to 0.0G0 inch {0,051 to 0,152 cm).

by a normalizing factor obtained from the radiation b. Soldering temperature should be controlled so
“paltern- at the avgle in question. For exampla. the : that at no time does the case temperature ap- °
multiplying factor for the 5082-4207 with irradiauce proach 280°C. The lowest solder melting point in

:-H, at an angle of 40° {rom the polar axis is 0.0, I{ H the device is 260°C {gold-1in eutectic). If this ten-
=1mW/em? then I =k X Sy X Hi 1= 0.0 X 4.0 % perature is approached, the solder will solten, and
1= 3.2 gamps. the lens may fall off. Lead-lin solder is recom-
To obtain the response at a wavelength olher than mended fer mounting the package, and should be
7700 A, the relative spectral response must be con- .. applied with a sinsll soldering iron, for the short-

*sidered. Referring to the spectral response curve, est pussible lime to avoid the lemperaiuse op-
Figure 1, obtain response, X, at the wavelength de- proaching 260°C.

2}

. Contact to the lons end should be made by solder-
ing 0 one or both of (ke tabs provided. Cire -
should be exercised to prevent solder from com-

sired, Then the ratio of the response at the desired
wavelength to response at 7760 A is given by:

Ratio = X ing in contact with the lens,
- 0. it ooda I printed circuit board mounting is not conven-
Multiplying this ratio by the current response at 7700 .. ient, wire leads may be soldered or welded to the”
A will give the current response at the desired wave: - - . devices using the precautions noted above.

length.

MAXIMUM RATINGS™{ |

Steady | Peak .
Reverse! Inverse 3
| Valtage | Valtage: | pation;

== Voliss |ovolts mw

pryyeceviey

5000

| 1 peak Inverse vollogo may cause permanent’ damage ‘to the diode.
:Forward.curtent:ty hurmless to the divde] within the power dissipntion Hmit.: Far
optlmum performance, the diode"shotld be reverse blased ot between 5 and ?,",Y"l,‘s'

s




Flgum‘ 2, Relative directional sensitivity
of the PIN Photodlodes,

Figure 3 Typical o tput
“at 7700°A.
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- ANEXO2

CARACTERIZACION CE LA RZSPUZSTA CEL FOTODOLO AJUSTE UNZAL BE LOS RESULTADSS
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11 1 Std Err of Casf.

12 11

13 1.2

A ~> Poreanize de
-2 Rasp

oom
i
v

Porsignio ca camidad de hz = igclura sin hilro * 10 -porcients Cg atenuamiznio
~> Ajusiz linzal cal porcienia ge atenuamiento. . B

Porcionto deo cantidad de Tz
8

401
. - v B / , e
207 11 L :
9
- N ®10
107 g2 |
50 100 . -7150° 70 20077 280 300 7 350 400"
RA e milivolts - - et R




e

RADIACION SOLAR Wi~ ©

* 400]

100

200

3004.

105 11 11512 135 13

o ﬁTIEMPO SOLAR VERDADERO

F!gura ,1 Curva de ajuste del fotodlodo




LI Qlolol) = 55,43 W/m . o 14 e




RADIACION (W)

- f5 3

100

o))
00

10

12
HORAS

14

18



y A4 ‘el area vdel_,.tubvoin‘teribr del

colector. . Ests

_ definicién . s

~-adopto’ dado




-~ APENDICE

El balanée“ eg’]ré"’ée ‘expresa -en las

siguientes seis. ecuacione

«(’1).



. A3

e N AP
~—— 0.83 nts. ,

Arreglo geometrico para el calculo
ode los foctores de vista.




; faétoﬁ que::

cual es




ANEXO FACTOR




R(M)

2

,'n

MY AR




REFERENéiAS S

1UUE. iSpeyer, 'Solar Energy Collection wlth Evacuated Tubes
_“American Hachzne and Foundry Co ,,Springdale. 1 .
270= 276 i .

L2 S »Karakl and - D M. Frlck
Solar Collector"; Sharlng
“715-20 197 i

S. P chow, G
"Degradatxon of .All-Glass
Energy Haterxals ;vol, 12,719

4 B Window and G L: Harding "Prog es
Sclence of _All-Glass Evacuated Collectors “Sol.
No 55,1984, pp. 609-623, I e

- - P Chow, G. L. Hardlng 4nd" v Zhlqiang,"Optimisatx
Evacuated Tubular Solar:Collector Arrays with :Diffus
voli.33. No.. 3/4. 1984 PP 277 28

-3 . and ~.'I.","‘M.; .
Efflciencies of, Tubular Solar Collectors w1
; pp'.341 346.°

Reflectors for, Tubular Evauuated Receivers Allgn d;
E Solar Energy. vol 24‘.1980 pp 169- 175




11 D. E. Prapas, B. Norton and S D pr "Therma,
of Compound Parabolic Concentrating Solar: Energy.Collec ors',
Energy Technology Center, vol. 109, United Kingdom; -May,: 1987 pp S
161-168. e

12. R. L. Sawhney, N. K. uansal and Inder_]lt
for  a. Solar Energy Collector of Tubular Shape
Energy Engineering, vol. 109, November ,

VChow,

13- 8.

o Hardlng, Absorptan"e and Emittance
Surfaces Sputter Deposited: onto Glass Tubes"
1980, pp. 469 481 S

_ Solaf Energy. “voly

; 17, W. :Kamminga, :“The Testmg of .an Evacuated Tubular Collector,

with a Heat Pipe Under Transient Conditions", ~PROCEEDINGS OF THE

NINTH .. BIENNIAL. . CONGRESS - 'OF = THE INTERNATIONAL SOLAR ENERGY
-~ SOCIETY Intersol 85, Groningen, 1985, pp. 1279-1283. B

18 R. E. Collins, D. Mackey and G. L. Morrison, ‘'"Comparative!
Performance of . Evacuated Tubular Collectors. and. Flat: Plai:e,
Collectors-. in Thermosyphening- Systems";-PROCEEDINGS -“OF--TH MINTE
BIENNTIAL CONGRESS OF - THE INTERNATIONAL-SOLAR* ENERGY SOCIETY Intersol
85, Sydney, Australia, 1985, pp. 1285+ 1293 :

19 R. Winston. and J. 0'Gallagher, "Integrated E
for High Temperature' Solar’:Thermal Systems v EP)
NINTH = BIENNIAL = CONGRESS.:. OF: “THE - INTERNATION
SOCIETY Intersol 85, Chitago Illmms, 1985’ 1 ;

20 C ‘W5 3. van. Koppen :and " P. Verhaart ik
; Collectors: Simplify Solar Thermal System Layout"' PROCEEDINGS OF THE -
__NINTH BIENNTAL . CONGRESS OF THE _ INTERNATIONAL : SOLAR . ENERGY




SOCIETY'Inter591 35,7Netherlahds, ;935, PP- 1152-1157__~‘ %

i ‘217 ST "Bushby,  "The ~Performance ~of - an ‘Evacuated ™ Tube """
Heat-Pipe . Collector System in Brisbane", PROCEEDINGS OF THE  NINTH..
BIENNIAL CONGRESS OF THE INTERNATIONAL SOLAR ENERGY SOCIETY Intersol‘f
85 Australia, 1985, pp. 1158-1171.

“22°R. "Schmid and R. E. Collins, "Characterization of: Evacuatedff'
Tubular.Collectors", PROCEEDINGS OF THE NINTH BIENNIAL CONGRESS OF :
THE INTERNATIONAL SOLAR  ENERGY SOCIETY Intersol
Australla' 1985, pp. 1189-1193. Lo

. 23 G L Hardlng and T. T. Moon,‘"Eyacﬁétién:aﬁ i
“of ALl Glass’ Tubular - Solar..:Thermal . Collectors
. Materials, vol 7, 1982, pp. 113—1225‘ S

“ _ZAVIG L. Hardlhg;' » A Sputtered
S"Absorbing* ‘Surface for Evacuated C 1lect
e vol Ty 1982 pp 123 128

25 A

Castregon,,

R.A Martlnez

"Thernos1phon

26 G L Hard‘ng and Y Zhlqlang,

Novel Water-in-Glass Manlfold

; Salar_Energy.
13 18.,, T S

. 27 N K. Bansal and. A. K. Sharma,, I
Solar’ £nergy Collector -Solar. -Energy
67 —74. e , A sl

L 28 B A Pailthorpe.
leltatlon in: Evacuated Solar Coi
'39,:No." 15 1987 PPR- 73-75 : ;

T T e R Schmid) Bf*‘A
) Transport 1n Liquid Fille
919 943,

30 J. ﬁApﬁelBauﬁw




Solar
Mexxco

Absorber
Sppii1-18

Castrejon,

,‘“DlsEno., construcc;on
tubular evacuado
D F

}>Performance

Refrigeratln
R

Absorber Heat Loss Facto
pp 219~ 225



. 41:.S,.C, Mulnck and S K. Nanda “An Improved . Technique for
Computmg the - Heat ' loss Factcr of a- Tubular Absorber", SqL‘ar,v

. Marufolds for Heat
Tubular Collector




	Portada
	Índice
	Capítulo 1. Introducción
	Capítulo 2. Problema Físico y Modelo Matemático 
	Capítulo 3. Selección de Materiales, sus Propiedades y Cálculo de Parámetros
	Capítulo 4. Estudio de la Radiación Incidente en la Película
	Capítulo 5. Metodología y Equipo Experimental 
	Capítulo 6. Resultados Experimentales y Teóricos 
	Capítulo 7. Discusión de Resultados y Conclusiones
	Apéndices
	Referencias



