








Condiciones ambientales

Datos técnicos

Temperatura de aimacenamiento: -40°C ... +70°C
Temperatura de trabajo: -10°C ...+ 65°C:
Caracteristicas de los relés 1 contacto conmutado
Intensidad nominal c.a.: 8A

Intensidad maxima c.a.: 10A

Tensién nominal: 250 Vc.a. 50 Hz
Tension méaxima (VDE 0435): 440 Vc.a.

Potencia maxima de conmutacion de

una carga resistiva: 2000 VA
Resistencia de aislamiento 500V: > 10'MQ
Aislamiento contacto-bobina: 6000 Vc.a.
Aislamiento contacto-contacto: 1000 Ve.a.

Esperanza de vida mecénica:
Esperanza de vida eléctrica:
Caracteristicas de los relés

> 20 x |0° maniobras

> 2 x 10° maniobrasa 5 Ay 35V

1 contacto simple

Intensidad nominal c.a.:
Intensidad maxima c.a.:

Tensién nominal:

Resistencia de aislamiento 500V:
Aislamiento contacto-bobina:
Aislamiento contacto-contacto:
Esperanza de vida mecénica:
Esperanza de vida eléctrica:

Caracteristicas generales

5A

5A

250 Vcaa. 50 Hz

> 000 MQ

2000 Vc.a. - | min
1000 Vc.a. - | min

> 20 x 10° maniobras
> 100 x 10° maniobras

Dimensiones:

Peso:

Material de la caja:
Indice de proteccion:

Normativas de disefio

96 x 48 x 138 mm
550 gr

ABS autoextinguible, gris antracita

IPS4
IP20
IP20

Frontal:
Caja:
Bornes:

I[EC 1010
IEC 348

IEC 664
IEC 801
VDEOI'10
VDE 0435
EN 5008 1-2
EN 50082-2
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UuCo040T-H

Refrigerador de circulacion con maquina de enfriamiento
refrigerada por aire y bomba de circulacion (de plastico ).
Carcasa y recipiente de expansion abierto a la atmdsfera
con evaporador (Refrigerador) soldado en cobre de acero
inoxidable. Con medidor digital de nivel. Para applicaciones
cerradas externamente.

Unichillar

Con proteccion ajustable contra sobretemperatura segun
DIN12876.

Caso especial acetona y poliglicol: La bomba de plastico no ',J
es resistente contra acetona y poliglicol (dependiente del
fabricante). Se recomienda usar agua con glysantin o

etilenglicol como proteccion anticongelante. Se puede

suministrar un plastico adecuado de mayor resistencia por

solicitud y a costo adicional.

CC-Pilot: Controlador ultra moderno con la nueva
tecnologia innovativa E-grade para funcionalidades
extendidas sin cambiar de controlador. Un cédigo de
activacion es ingresado via el panel de control y la probada
tecnologia Pulg & Play para servicio profesional. La brillante
pantalla TFT muestra todos los datos relevantes de
proceso. Interfaz de usuario amigable: Las funciones
auto-explicativas estan listadas en orden alfabético en cada
uno de los idiomas seleccionados. Los idiomas disponibles
son: aleman, inglés, francés, italiano, espafiol y ruso. Easy
Control: es virtualmente idéntica a la de los Unistat. La
funcion ampliar (zoom) permite que los valores sean leidos
a distancia. Resolucion del indicador en la version bésica
de 0,1K. Limites de valor de ajuste, alarma acustica y
Optica, funcion automatica en caso de fallo de la red
eléctrica. Sensor calibrable, control por medio de la
interfase RS232 y ComG@te Namur (opcional) por ej. Para
conexion a un sistema de control de proceso, como control
remoto por medio de un cable de datos.

La funcionalidad puede ser extendida en cualquier
momento mediante el codigo de activacion con E-grade
(opcional).

E-grade “Exclusive”: Funcion gréfica, resolucion del
indicador de 0.01K, programador con 3 programas cada
uno con 5 pasos, control de modo de temperatura (interno,
proceso), TAC (True adaptive Control - Control Adaptativo
Verdadero), regulador automatico interno de optimizacion y
cascada de control, funcion de rampa.

E-grade “Profesional: Funcion de administrador,
programador con 100 pasos divisibles entre 10 programas,
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control externo por medio de un sensor Pt 100 (opcional)
NLR (non-linear ramping - Rampeo no-lineal) para ciclos de
temperatura no lineales, segundo valor nominal, el cual
puede ser activado en caso de una alarma bajo condiciones
predefinidas, calibracion de mas puntos para el sensor del

regulador.

Para E-grade “Professional” se requiere contar con E-grade
“Exclusive”. 3-2-1 garantia - Requiere registro

Rango de temperatura de trabajo -10...100 °C
Indicador de temperatura digital
Ajuste de temperatura digital
Sensor de temperatura interno Pt100
Conexion de sonda externa Pt100

Interfaz analégica E/S (via ComG@te)0/4-20mA o 0-10V

Clasificacién de seguridad Clase lll / FL
Potencia calorifica 2 KW
Potencia de enfriamiento

a 15°C 4 kKW

a0°C 2.5 kW
a-10°C 1.5 kW

Méaquina frigorifica
Refrigerante

refrigerada por aire, libre de CFC y H-CFC
R507

Cantidad de refrigerante 2.2 kg
Bomba de circulacion: B
Descarga max. 27 |l/min
Presion de descarga max. 3,0 bar
Descarga a 0,2 bar 22 I/min
Descarga a 0,5 bar 20 |/min
Descarga a 1.0 bar 17 l/min
Descarga a 2.0 bar 10 I/min
Descarga a 3.0 bar 5 I/min
Conexién de bomba 3/4"
Volumen de llenado min. 3.51.
Volumen de expansion 351
Dimensiones A x L x Alto 500x552x1451 mm
Peso neto 138 kg

Suministro de energia trifasica 400V 3~N 50Hz
Consumo max. de corriente trifasica 8.5 A

Fusible (trifasico) 3x10 A
Temperatura ambiental min. 5°C
Temperatura ambiental max. 40 °C
UC040T-H

NUumero de pedido: 3014.0003.04
Grupo de descuento : 3
Precio : 8270 EUR (* Precio ex fabrica en Offenburg, Alemania )

Accesorios y periféricos: Conector de manguera3/4"*, , Tapa para tanque de
expansion*, Valvula de paso o cierre, Mangueras de conexion, , ComG@te.
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* equipo estandar
Lecturas de salida validas con temperatura ambiente de 20°C

Nos reservamos el derecho de cambios técnicos y de errores sin previo aviso
Ultima actualizacién : 24-08-2010

3de3 24/08/2010 10:15






~ 25A VARIABLE AVR
PHASE ANGLE REGULATOR

L UNITED AUTOMATION

INTRODUCTION ,

This fully variable, powerful phase angle regulator is a manually controlled, robust, compact, enclosed unit for
direct or transformer coupled, single-phase loads. The high current triac, fuse terminals and all main parts are
enclosed and mounted on an integral heatsink to ensure long life with reliable high ambient temperature
operation. The farge triac enables the unit to handle high in-rush currents with ample safety margin on industrial

installations.

APPLICATIONS
Suitable for conventional resistive heating elements, including ovens, moulders, dryers and some inductive loads

e.g. transformers and motors.

FEATURES

» Integral high speed fuse.
¢ Built in heatsink.

e High in-rush capability.

e Single entry cable gland.

« Control knob and dial

INSTALLATION :
27mm
ADD THIS DIMENSION END-VIEW
F EXTERNAL. CONTROL— 18 Smn
KNGB 15 USED |

o

0 SOLATE
) / \ BEFORE
B7mm i /b
\\___4 HOUNT THE UNIT WITH FINS IN THE

CABLE GLAND VERTICAL POSITION WHERE POSSIBLE

s | ==

X

| L[ =
o} TSan —— FIXING CENTRES 11omm } i
= 148mm
b 95mm ————| l [
@ (EARTH BONDING-DO NOT REMOVE>
m FOR OPTIMUM PERFORMANCE AND HEAT DISSIPATION
0 THE UNIT SHOULD BE MOUNTED VERTICALLY
rl;
PIEIGIEE WARNING
m eolo|lelele SWITCH OFF MAINS BEFORE COMMENCING
< — 1 ANY SERVICE WORK
LINE LOAD
E L N N L |CONNECTIONS
26 234 mex
THIS UNT MUST BE EARTHED '
26 (P




A\

SPECIFICATIONS:

Mains voltage 110 or230Vac + Isolation Class Il
10% @ 50/60 Hz Classification
Isolation voltage 2500V rms

Min. Load current 200mA ’t for SCR fusing  250A’s

Max. RMS current 25A. Offstate dv/dt 500V/ us

Main control Integral 220K pot. Replacement Fuse  30A 660V SCR
type -

Peak one cycle surge 250A Storage temp. -20°C to +85°C

Heatsink 1.3°C/Watt Max. Cable entry 2.5mm?

Max operating temp  0-65°C Min. Level set 0-50% via integral
cermet

FUSING

tt is recommended to use semiconductor (fast acting) type fuses or circuit breakers (Semiconductor -
MCB) for unit protection. Integral fuse included. (See SRA Datasheet for further information).

CE MARKING

This product family carries a “CE marking”. These phase angle controllers need a suitable remote filter.
For information see recommendation section and contact our sales desk. (See Declaration of
Conformity)

RECOMMENDATION

Other documents available on request, which may be appropriate for your applications.

CODE IDENTITY DESCRIPTION

X1022¢9 RFI ~ Filtering recommendations - addressmg the EMC Directive
X10213 ITA Interaction, uses for phase angle and for burst fire control.
X10265 SRA ' Safety requirements - addressing the Low Voltage Directive (LVD)

including: - Thermal data/cooling; “Live” parts warning & Earthing
requirements; Fusing recommendations.
AP02/4 COos UAL Conditions of sale

NOTE It is recommended that installation and maintenance of this equipment should be done with
reference to current edition of the 1.E.E. wiring regulations (BS7671) by suitably qualified/trained
personnel. The regulations contain important requirements regarding safety of electrical equipment.
(For International standards refer to |.E.C directive IEC 950).

ORDER CODE State part number.  AVR + (Mains supply voltage)
Optional extras include F-series Filter.
Note: When ordering a filter, the current the AVR is to be used at will be required

UNITED AUTOMATION LIMITED

1Southport Business Park Tel: 0044 (0) 1704 — 516500 Main e

Kew Tel: 0044 (0} 1704 ~ 516516 Sales !-g—" 9

Southport, PR8 4HQ Fax: 0044 (0) 1704 — 516501 |SO 9002

ENGLAND Enguiry@united-autornation.com aesenen comant | | oS
INCE Mk NT

015
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GRUPO 4 - Resistencias flexibles

4.6 - Resistencias de silicona + fibra de vidrio FORMEC-FLEX

Aplicaciones usuales
e Calefaccion de tuberias de conduccién y °© Calentamiento de vasos para reactivos y aparatos ¢ Mantener a cierta temperatura tierras agricolas a

depdsitos, conteniendo fluidos pesados tales  de destilacion. pequefia escala.

como aceites combustibles, grasas, pinturas, ® Proteccion contra la congelacién en tuberias de e Instalaciones para calefaccion del suelo en locales

ceras y otros productos quimicos. conduccion de agua y valvulas destinados a albergar animales (granjas,
¢ Descongelacion en camaras: juntas, puertas, * Para evitar la formacion de condensaciones de cobertizos, etc.)

bandejas, tubos de desagtie, antivaho, vidrios, etc. agua en armarios de conexiones. ¢ Mallas calefactoras

RESISTENCIAS FLEXIBLES DE SILICONA + FIBRA DE VIDRIO DE @gy42’7 mm, GAMA FORMEC-FLEX

Caracteristicas generales
 Diametro aproximado para todas las longitudes 2,7 mm. ¢ Acabadas con borne tubular cobreado y cables conductores de silicona de
¢ Funda flexible compuesta por capa de silicona + capa extra fibra de vidrio. La 150 mm de longitud.
aportacion de la capa extra de fibra de vidrio confiere a la resistencia un ~® Temperatura maxima del elemento: 180 °C.
mayor resistencia mecanica, disminuyendo los riesgos de rotura del * Tensién normalizada ~230 V
elemento por roces o cortes sobre la silicona. ¢ Bajo pedido otras longitudes, acabados y voltajes.
* Tolerancia general en longitud: +1%

i@l - Gama 10 W/m Gama 14 W/m a 17 W/m

Mo cedgo TSI wm o EICS Eakg  Codige ol wm s Enke
PPVSFF2 2000 10 20 0,011 PVSFF1 1000 17 16,5 0,006

\ PPVSFF2,5 2500 10 25 0,016 PVSFF1,5 1500 15 22,5 0,012

PPVSFF3 3000 10 30 0,022 PVSFF2 2000 17 33 0,018

PPVSFF3,5 3500 10 35 0,028 PVSFF2,5 2500 15 37 0,024

PPVSFF4 4000 10 40 0,034 PVSFF3 3000 15 46 0,030

PPVSFF4,5 4500 10 45 0,040 PVSFF3,5 3500 14 50 0,036

PPVSFF5 5000 10 50 0,046 PVSFF4 4000 14 57,5 0,042

PPVSFF5,5 5500 10 55 0,052 PVSFF4,5 4500 14 64 0,048

PPVSFF6 6000 10 60 0,058 PVSFF5 5000 14 71 0,054

PPVSFF8 8000 10 80 0,064 PVSFF5,5 5500 14 77 0,060

PPVSFF9 9000 10 90 0,070 PVSFF6 6000 15 92 0,066

PPVSFF10 10000 10 100 0,076 PVSFF7 7000 15 105 0,078

PPVSFF15 15000 10 150 0,12 PVSFF8 8000 15 122 0,090

PVSFF9 9000 16 140 0,10

PVSFF10 10000 17 170 0,11

PVSFF12 12000 15 184 0,13

GRUPO 4 - Resistencias flexibles

4.7 - Resistencias de fibra de vidrio

RESISTENCIAS FLEXIBLES FIBRA DE VIDRIO DE @gy2’8 mm, GAMA VFF Codigo Longitud — Watios  Peso
Caracteristicas generales enmm totalesH HENIKg
. . ) VFF1 1000 46 46 0,016

* Diadmetro aproximado para todas las longitudes 2,8
mm. VFF1,5 1500 78 117 0,024
¢ Acabadas con borne tubular de acero inoxidable y PVFF1,5 1500 20 30 0,024
cables conductores de fibra de vidrio y niquel de 250 VFF2 2000 44 88 0,032
mm de longitud. VFF2,5 2500 144 360 0,040
» Temperatura maxima del elemento: 350 °C. PVFF2,5 2500 28 70 0,040
¢ Tolerancia general en longitud: +1% VFF3 3000 100 300 0,048
¢ Tension normalizada ~230 V. VFF3,5 3500 73 256 0,056
* Bajo pedido otras longitudes, acabados y voltajes. VFF4 4000 56 224 0,064
VFF4,5 4500 44 198 0,072
VFF5 5000 36 180 0,080
VFF5,5 5500 30 165 0,088
VFF6 6000 25 150 0,096

GRUPO 4 - Resistencias flexibles

4.8 - Cable calefactor flexible para terrarios

Los reptiles son animales de “sangre fria” que dependen del calor del medio ambiente para sobrevivir. Cada
especie tiene sus necesidades particulares, y es un factor de caracter vital para la supervivencia de dichos
animales en cautiverio. El principal objetivo al acondicionar un terrario es el de responder a las necesidades
de los animales que van ha habitarlo, por eso debemos disefar el equipamiento adecuado para satisfacer los
requerimientos de cada animal.

Para obtener un gradiente térmico en el terrario, hay que crear una zona caliente y una zona fresca, para que
puedan regular su temperatura interna en funcién de sus necesidades mudandose de una zona a otra. Esto
se consigue poniendo el cable térmico sobre un tercio de la superficie del terrario.

Caracteristicas generales

* Aislamiento de silicona. Diametro aproximado para * Acabadas con clavija de conexion bipolar
todas las longitudes @5 mm. ¢ Tensién normalizada ~230 V.

e Capuchon vulcanizado @9x30mm en un extremo. ¢ Bajo pedido otras longitudes, acabados y voltajes.

Dimensiones en mm

Caodigo i i Voltios Watios totales
Long total Long Calefactora  Zona inactiva

CFRO001 3260 2330 930 ~230V 15

CFR002 4260 3330 930 ~230V 25

CFR003 5860 4930 930 ~230V 50






DIFFERENTIAL PRESSURE
TRANSMITTER
For liquids and gases

IPD-18

Desin

Instruments

DESCRIPTION

® DIFFERENTIAL PRESSURE WET /WET
® OUTPUT SIGNAL 4..20 mA / 2 WIRE

@ PERMISSIBLE OVERPRESSURE: 4 X NOMINAL
PRESSURE ON EACH SIDE

@ ACCURACY ACC. TO IEC 66770 0,5% FSO
® COMPACT DESIGN

@ HIGH RESISTANCE AGAINST ELECTRICAL FAULTS
INCORRECT WIRING, SHORT-CIRCUIT
OVERVOLTAGE

® RUGGED AND RELIABLE UNDER MOST
CONDITIONS

EATURES

The TPD-18 is differential pressure transmitter for universal
industrial usage, Pressure can be applied on both sides
with fiuidds and gases, which are compatible with skainless
steel, 1.4571 or 1.4404 and FKM.

With pressusization. the TPD-18 creates the difference of
pressure between the positive and negative side, which
then is converted into o signal that is proportiondl fo the
differential pressure.

As complement. we manufacture a wide range of
measuring and control instruments to use with the TPD-18
fransmitters. This instruments are configurable 4-20 mA
input capability,

® Controliers: BS-2000, LS-3000 and HS-7000 Series
® Indicators: BS-2000, LS-3000 and HS-7000 Series

® Loop-powered field Indicators
PM-34650 and PM-6670

® Power supply devices 24 Vdc oufput, 1 A
FAC-24/1000

® Data acgulsition and control systems
DAS-8000 and HS-7000

127.59




SPECIFICATIONS WIRING DIAGRAM

TPD-18
- Pressure (bar):
Nominal: 02 04 1 2.5 6 16 Dit 43650
Difterential: 002 004 01 025 06 16 2-wara-sysiem Supaly - ;
to to fo to 10 1o Sélr?z’::'na Ground g
0.2 0.4 1 25 & fa}
One-sided
static pressure: .5 1 3 4 20 60
- ACCUIACY! e e <+05%FSO
- Process connection; ., v 127 GAS DINEN 837-1 /-3
- OuUtpUt SIgNAl L 4-20 mA 2 wires p 1 Supsty + [ A +
- Bectical connection ... Male and female plug DIN 43650 2 wires 12...38 VDC
Lolege. L e ... between 12 and 36 Vcc 4-20 mA ) ey —

- Permissible LoAd: .......... Current 2 wires (U, (V)-12) /G.02A || 23uwel -
- Cpercting Temperature range ..o =

SENSOM i e e 2510+ 125°C

AMmbDIENt, 25t +85°C

SEOrage: v e AR to +125°C
- Vibration resistance: ... 10 g (20 Hz - 2KHz)
- Shock resistance: ... 1W00g/ilms
- Moterials:

HOUSING .o Aluminum biack anodized

D¢oph?c:gm, ...... ustoigﬂests) Steel 1.4404 APP L’ CA"ONS

Seals..... e FKM
- Flow Control
- Filter Controlling

Connector DIN4AJESC

-!l‘——l €0.36 l-—

Pgg

r;l 23 ---—40——-345—1

) Od—'lq
af [ |
- OW TO ORDER

TPD-18 Differenticl pressure.
0-0.02to 0~ 16 bar ranges.

il

- Special ranges

15
Pressure i
pot | ® | Seal
Gija": T 3 14x1,5
‘ / FKM
\“

w22~ w4 wiola- e g75 e

Weight: appr. 0.250 kg

f " . .
Desin Moy s o o | TPD-18

lnst:ruments e-mai:desin@desin.com - hitp:/fwww desin.com

127.59

0726 H127.59-2

The contents of this sheet are subject to change without notice
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APPENDIX Ill. Numerical models of simulation in EES of TES systems

APPENDIX Ill. Numerical models of simulation in
EES of TES systems




Analysis of microencapsulated phase change material slurries and phase change material
emulsions as heat transfer fluid and thermal storage material

272
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{Datos del tanque y de las esferas}
R=0,022
Nnpisos=6+1

{radio de la esfera de PCM}

{n? de pisos calculado previamente por geometria}
Dtanque=0,24 {didametro del tanque}

Ltanque=0,55 {altura del tanque}

Vesferas=ntotal_esferas*4*pi#*R"3/3 {volumen que ocupan las esferas}
Vtanque=pi#*(Dtanque/2)"2*Ltanque {volumen del tanque}

porosidad=1-Vesferas/Vtanque {porosidad del tanque}

nesferas_prim_piso=19 {numero de esferas en la primera fila de cada piso calculado
previamente por geometria}

nesferas_piso=31 {nimero de esferas en cada piso calculado previamente por
geometria}

ntotal_esferas=31*npisos {numero total de esferas en el depdsito}
masa_PCM=Vesferas*densidad {masa de PCM}

{Propiedades del PCM}

landa_PCM=0,2 {conductividad del PCM}

densidad PCM=800 {densidad del PCM}

{Propiedades del agua}
densidad_agua=Density(Water;T=13;P=100)
landa_agua=Conductivity(Water;T=13;P=100)
visc_agua=Viscosity(Water;T=13;P=100)
Cp_agua=Cp(Water;T=13;P=100)

densidad del agua}
conductividad termica del agua}
viscosidad dinamica del agua}
Calor especifico del agua}

A A

magua=densidad_agua*vel_media_intersticial*porosidad*pi#*Dtanque”2/4 {caudal méasico del agua}
vel_media_intersticial=0,01 {velocidad media intersticial del agua}
vel_media=vel_media_intersticial*porosidad {velocidad media del agua}

{Curva del calor especifico del PCM}
Cps=3000

hm=132000

sigma=0,85

Tm=6,7

{Discretizacién espacial en las esferas}

nx=20 {n? de nodos espaciales en la esfera de PCM}
Duplicate i=0;nx

r[i]=i*R/nx

end

{Tabla paramétrica para el tiempo}

At=30 {incremento temporal}
tiempo=(fila-1)*At

Duplicate j=1;npisos

Duplicate i=0;nx

Tant[i;jl=Tablevalue('Evol_temp';fila-1;#TT[i;j])

end

end

{Nodo central}

Duplicate j=1;npisos

Duplicate i=0;0

(landa_PCM/r[i+1])*(T[i+1;j]-T[i;j]) *4*pi#*(r[i+1]/2)"2=densidad_PCM*(Cps+(hm/sigma/6,28"0,5)*2,71*(-0,5*((Tant[i;j]-Tm)/
sigma)”2))*(T[i;j]- Tant[i;j])/At*4/3*pi#*(r[i+1]/2)"3

end

end

{Nodo intermedio}

Duplicate j=1;npisos

Duplicate i=1;nx-1

4*pi#t*landa_PCM*((T[i+1;j]- T[N/ (e[i+11-r[i]) *((r[i+11+r[i])/2)*2-(T[i;i]- TLi-1;i) * ((r[i]+r[i-1])/2) A2/(r[i]-r[i-1]))=(densidad_PCM/At)
*(Cps+(hm/sigma/6,28"0,5)*2,71/(-0,5*((Tant[i;j]- Tm)/sigma)”2))*(T[i;j]- Tant[i;j]) *(4/3)*pi#* (((r[i+1]+r[i])/2)*3-((r[i]+r[i- 1])/2)"
3)

end

end
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{Nodo exterior}

Duplicate j=1;npisos

Duplicate i=nx;nx
-4*pi#*landa_PCM*(T[nx;j]-T[nx-1;j])*(((r[nx]+r[nx-1])/2)"2)/(r[nx]-r[nx-1])+hconv*(Tagua[j]- T[nx;j]) *4*pi# r[nx]"2=(
densidad_PCM*(Cps+(hm/sigma/6,28"0,5)*2,71/(-0,5*((Tant[i;j]-Tm)/sigma)"2))*(T[nx;j]- Tant[nx;j])/At)*(4/3) *pi#* (r[nx]*3-((
r[nx]+r[nx-1])/2)"3)

end

end

{Calculo del coeficiente de conveccibén esfera - agua}
Rep=densidad_agua*vel_media_intersticial*porosidad*2*R/visc_agua
Pr=Prandtl(Water;T=13;P=100)
Nu=2+1,1*(6*(1-porosidad))"0,6*Rep”0,6*Pr*(1/3)
Nu=hconv*2*R/landa_agua

{Balance de energia}

Duplicate j=1;npisos

nesferas_piso_calculo[j]=if(j;npisos;31;31;31)
-magua*Cp_agua*(Tagua[jl-Tagua[j-1])=nesferas_piso_calculo[j]*hconv*(Tagual[j]-T[nx;j])*4*pi#*R"2
qg[j]=nesferas_piso_calculo[j]*hconv*(Tagua[j]-T[nx;j])*4*pi#*R"2

end

potencia=sum(q[jl;j=1;npisos)

{Calculo de la pérdida de carga por unidad de longitud segun distintas correlaciones}
AP_ergun/Ltanque=(150*0,001*vel_media*(1-porosidad)*2/(2*R)"2/porosidad”3)+1,75*1000*vel_media*2*(1-porosidad)/(
2*R)/porosidad”3
AP_tallmadge/Ltanque=1000*vel_media*2/(2*R)*((150*(1-porosidad)*2/Rep/porosidad”3)+4,2*(1-porosidad)*1,166*Rep”(-
1/6)/porosidad”3)
AP_sug_lee_ogawa/Ltanque=1000*vel_media*2/(2*R)*(6,25*(1-porosidad)”2/porosidad”3*(29,32*Rep”(-1)+1,56*Rep”(-n)
+0,1))

n=0,352+0,1*porosidad+0,275*porosidad”2
AP_kuerten/Ltanque=1000*vel_media*2/(2*R)*(25/4*(1-porosidad)*2/porosidad*3*(21*Rep”(-1)+6*Rep”(-0,5)+0,28))
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{Datos del tanque}

h_tanque=0,55

Dtanque=0,24
Vtanque=pi#*(Dtanque/2)"2*h_tanque
m_PCM=densidad_PCM*Vtanque_pcm
densidad_PCM=960
Vserpentin=pi#*(Dserp/2)"2*Lserp
Vtanque_pcm=Vtanque-Vserpentin

densidad_fluido=1000

caudal_fluido=0,003
Asecciontubo=pi#*(Dserp_int/2)"2
caudal_fluido=v_fluido*densidad_fluido*Asecciontubo

Dserp=0,016
Lserp=3,7
Dserp_int=0,014
Dhelice=0,14

{Curva del calor especifico de la suspension de PCM}
Cps=3649

hm=59400

sigma=0,85

Tm=6,7

Nodos_x=8
Ax=h_tanque/Nodos_x

A=pi#*Dserp*(Lserp/Nodos_x)
Rcond=(Dserp/2/k_('Copper’; 30))*In(Dserp/Dserp_int)

{Tabla paramétrica para el tiempo}

tiempo=(fila-1)*At

At=30

Duplicate i=1;Nodos_x
Tpcm_ant[i]=Tablevalue('Evol_temp';fila-1;Tpcmli])
Tfluido_ant[i]=Tablevalue('"Evol_temp';fila-1; Tfluidol[i]")
end

{Balance de energia}
Duplicate i=1;Nodos_x

{altura del tanque}

{didametro del tanque}

{volumen del tanque}

{masa de suspensién de PCM}

{densidad de la suspensién de PCM}

{volumen del serpentin}

{volumen del tanque ocupado por la suspension de PCM}

{densidad del agua}
{caudal masico de agua}
{seccion del tubo}
{velocidad media del agua}

diametro exterior del serpentin}
longitud del serpentin}
diametro interior del serpentin}
diametro de la helice}

A A

{numero de nodos de discretizacion del tanque}

{area de transferencia de calor del serpentin}
{resistencia de conduccion del cobre}

{incremento temporal}

-caudal_fluido*Cp_fluido[i]*(Tfluido[i]- Tfluido[i-1])=Uext[i]*A*(Tfluidol[i]- Tpcml[i])

(m_PCM/Nodos_x)*(Cps+(hm/sigma/6,28"0,5)*2,71(-0,5*((Tpcm_ant[i]-Tm)/sigma)”2))*(Tpcml[i]- Tpcm_ant[i])/At=Uext[i]*

A*(Tfluidoli]-Tpeml[i])
qlil=Uext[i]* A*(Tfluido[i]-Tpcm(i])

{calor intercambiado en cada piso del tanque}

{Coeficiente de conveccion natural (a partir de los datos del agua)}

Cp_aguali]=1000*Cp(Water;T=Tpcm_ant[i];P=100)
densidad_aguali]=Density(Water;T=Tpcm_ant[i];P=100)

dif_aguali]J=Conductivity(Water;T=Tpcm_ant[i];P=100)/densidad_agual[i/Cp_aguali]
visc_cin_agual(i]=Viscosity(Water;T=Tpcm_ant[i];P=100)/Density(Water; T=Tpcm_ant[i];P=100)

coef_vol[i]=VolExpCoef(Water; T=Tpcm_ant[i];P=100)

Ra_fluido[i]=9,81*coef_vol[i]*(Tfluido_ant[i]-Tpcm_ant[i])*

Nu_ext[i]=0,802*(Ra_fluido[i])*0,278

Lserp”3/dif_aguali]/visc_cin_aguali]

Nu_ext[i]=hconv_ext[i]*Lserp/Conductivity(Water; T=Tpcm_ant[i];P=100)

hconv_ext_pcm(il=-1,7974*hconv_exi[i]+1180,4
Rconv_ext_PCM][i]=1/hconv_ext_pcm(i]

{Coeficiente de conveccién interior}
Cp_fluido[i]=1000*Cp(Water; T=Tfluido_ant[i];P=100)

Re_fluido[i]=4*caudal_fluido/pi#/Dserp_int/Viscosity(Water;T=Tfluido_ant[i];P=100)

Pr_fluido[i]=Prandtl(Water;T=Tfluido_ant[i];P=100)

Nu_int[i]=(2,153+0,318*Dean([i]*0,643)*Pr_fluido[i]*0,177 {Valida para De entre 20 y 200; Pr entre 0,7 y 175; relacion

entre Dserp/Dhel entre 0,0267 y 0,0884}
Deanli]=Re_fluido[i]*((Dserp)/(Dhelice))*0,5

Nu_int[il=hconv_int[i]*Dserp_int/Conductivity(Water; T=Tfluido_ant[i];P=100)
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Rconv_int[i]=1/hconv_int[i]

{Coeficiente global de TQ}
1/Uext[i]=Rconv_ext_PCM]i]+Rcond+Rconv_int[i]*"Dserp/Dserp_int
end

potencia=sum(q[i];i=1;Nodos_x) {potencia intercambiada}

{Calculo de la pérdida de carga}
Re=(4*caudal_fluido/3,14/Dserp_int/Viscosity(Water;T=13;P=100)) {Reynolds calculado para una temperatura del agua
de 13°C}

De=Re*(Dserp_int/Dhelice)*0,5

f=16/Re
Re_transicion=20000*(Dserp_int/Dhelice)"0,32
AP/Lserp=f_ito*1000*v_fluido*2/2/Dserp_int

numero de Dean}

Factor de friccion en tubos rectos}

Reynolds de transicién de laminar a turbulento}
Pérdida de carga}

A A

{Factor de friccién en régimen laminar en serpentines}
{Correlacion White para laminar e isotermo}
f_white=f*(1-(1-(11,6/De)"0,45)"2,2)(-1)

{Correlacion Ito para laminar e isotermo}
f_ito=num_ito/den_ito
num_ito=344*(Dhelice/Dserp_int)*(-0,5)
den_ito=(1,56+log10(Re*(Dhelice/Dserp_int)*(-0,5)))"5,73
Re_ito_min=13,5*(Dhelice/Dserp_int)*0,5
Re_ito_max=2000*(1+13,2*(Dhelice/Dserp_int)*(-0,6))

{Correlacion Manlapaz and Churchill para laminar e isotermo. Exponente 0 depende del nimero de Dean}
sum1=(1-0,18*(1+(35/He)"2)(-0,5))"0

sum2=((1+(Dserp_int)/(3*Dhelice))"2)*He/88,33

f_manlapaz_churchill/f=(sum1+sum2)*0,5

He=De/(1+(pitch/3,14/Dhelice)"2)"0,5

pitch=0,037
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BASF Specification data sheet
Date / Revised: 2008/02/29 Version: 2.0

Product: Micronal* DS 5007 X
(30244261/SPV_GEN_P/EN)
Date of print 29.02.2008

1. Substance/preparation and company identification

Micronal* DS 5007 X

BASF SE

Functional Polymers E-EDK
67056 Ludwigshafen, Germany
www.basf de/en/dispersionen

2. Chemical nature

Aqueous dispersion based on: polymethyl methacrylate, highly crosslinked, paraffin mixture,
| microencapsulated

3. Specified tests

Property Test method (parameter) Value

Solid content DIN EN ISO 3251 41-43 %

pH value DIN ISC 976 (23 °C) 75-85
Viscosity, dynamic DIN EN ISO 3219 {23 °C, 500 1/s) 100 - 300 mPa.s
Melting - enthalpy DIN EN 1SO 11357-1 >= 45 Jig
Melting - temperature DIN EN 1SO 113571 approx. 23 C

{concerning paraffin)

4. Handling and storage
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BASF Specification data sheet
Date / Revised: 2008/02/29 Version: 2.0
Product: Micronal* DS 5007 X

(30244261/SPV_GEN_P/EN)

Date of print 29.02.2008

Storage stability:

6 Months at 10 - 30 °C

Further information on storage conditions.

Store protected against freezing.

To avoid problemd during storage {(impact of microorganisms) we recommend the stabilization with
biocides.

The product should not come into contact with exposed iron or non-ferrous metal during storage or
processing.

Vertical lines in the left hand margin indicate an amendment from the previous version.

The data contained in this publication are based on our current knowledge and experience. In view of
the many factors that may affect processing and application of our product, these data do not relieve
processors from carrying out their own investigations and tests; neither do these data imply any
guarantee of certain properties, nor the suitability of the product for a specific purpose. Any descriptions,
drawings, photographs, data, proportions, weights etc. given herein may change without prior
information and do not constitute the agreed contractual quality of the product. It is the responsibility of
the recipient of our products to ensure that any proprietary rights and existing laws and legislation are
observed.

This product specification was issued automatically and is not signed.



Provisional Technical Information

. Chemical Nature

Aqueous dispersion of a paraffin mix-
ture, microencapsulated with highly
crosslinked polymethyl methacrylate;
formaldehyde-free

. Technical Data

Solids content 42-44% in water

pH 6.0-8.0
Viscosity, dyn. 200-1500 mPas
Density ca. 0.98 g/cm?
Peak melting range  ca. 26 °C-28 °C
Melting enthalpy

(emulsion, liquid) ca. 70 kJ/kg

Total capacity
(20-35 °C, liquid)
Melting enthalpy
(active solid content)
Total capacity
(20-35 °C,

active solid content)

ca. 120 kJ/kg

min. 160 kJ/kg

ca. 192 kJ/kg

ca. 108 kJ/kg
(Slurry with 35%
solids content)

Total capacity
(20—35 °C at 35 %)

Storage capacity

compared with water o :70 %

(20-35 °C) (35% solids content)

Capsule size ca. diameter 1-3 pm
Reduced creaming

Miscellaneous stabilized for %2 year
with biocide

The exact specifications can be found
in the specification data sheet.

Optical micrograph: individual
microcapsules, capsule diameter 1-3 ym.

ﬂ' % %ﬂ’ W %

. Areas of application

Micronal DS 5045 X (aqueous dispersion
of a microencapsulated phase-change
material) owes its excellent heat absorp-
tion capacity to the physical process of
melting and solidifying. The product con-
sists of microscopically small polymer
spheres, which contain a core of high-
purity paraffin waxes. When the wax in
the microcapsules melts, a considerable
amount of energy is stored; conversely,
this energy is released again when the
wax solidifies. The “hidden” heat stored
in this phase change is known as “latent
heat.” It can be used to transport larger
quantities of heat at a given volume flow
rate, or to reduce the volume flow rate
when heat needs to be transferred from
Ato B.

Micronal DS 5045 X was developed for
use as a heat transfer fluid (slurry) in hea-
ting systems such as decentralized
PCM-based ventilation equipment. The
increased heat storage capacity is used
mainly to increase the use of environ-
mental energy (e.g. low nighttime tempe-
ratures) in the cooling of indoor spaces
during the day. This can be done in cen-
tralized or decentralized systems. A re-
duction in the output and size of pumps
helps to minimize the auxiliary energy of
such units.

The distinguishing feature of

Micronal DS 5045 X is that it is free of
formaldehyde on account of the special
microencapsulation process. Further-
more, the capsule diameter of 1-3 pmis
optimized for the requirements of heat
transfer fluids. Creaming is prevented to
a very large extent.

BASF

The Chemical Company

Micronal DS 5045 X is frequently used in
facade/sill units. Here, heat is removed
from warm air that enters the building at
the height of summer and the air is thus
cooled to a tolerable level. The relatively
high working temperature allows reacti-
vation during the night even if there is
moderate cooling of the nighttime air.
The product can also be used as a heat
transfer medium in various system confi-
gurations that use this temperature ran-
ge. Compared with water, an approxi-
mately 70 % higher total storage
capacity can be achieved with a 35%
slurry in the range 20-35 °C.

. Processing |

When Micronal DS 5045 X is used as a
heat transfer fluid, its long-term behav-
ior and cycle stability are dependent on
numerous constraints that we cannot
cover in full in our tests. Therefore, users
must carry out their own careful tests.
Micronal DS 5045 X should be stirred
once again before use. It is available in
drums, IBCs or as bulk product in a tank
truck.

o".
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. Processing Il

Basic advice regarding heat transfer
fluids:

M Micronal PCM displays a greater sto-
rage capacity than pure water. The
percentage increase is, however,
dependent on the absolute difference
in temperatures.

M As supplied, the slurry contains a
thickener to improve stability during
storage. This can increase the auxil-
iary energy in applications involving
use of a pump.

M For final use, dilution to, for example,
35 % solids content is normal, in order
to lower the viscosity. Distilled water is
recommended for this.

B Micronal DS 5045 X is stabilized with
biocides to satisfy the requirements
for normal storage for up to %2 year. If
the product is to be used in a perma-
nently wet state, additional biocidal
treatment will be required.

M Micronal PCM may have a tendency
to produce foam. The use of antifoam
is recommended.

B Micronal DS 5045 X should not come
into contact with nonferrous metals in
a cycle. Risk of coagulation!

M Prolonged idle periods can lead to
deposits that do not dissolve again by
themselves.

B The pump should be located on the
“warm” side, as the cycle stability of
the slurry is normally better here.

BASF SE

Regional Business Unit Dispersions
for Adhesives & Construction Europe
67056 Ludwigshafen, Germany

www.basf.de/dispersions

A great advantage of microencapsula-
tion is that the paraffin wax is enclosed
in a tight and durable packaging, consti-
tuting a closed system that is superior
to, for example, wax-in-water emulsions
with regard to agglomeration.

Use as a raw material for construction
products is not recommended. Other
temperatures are not available.

The total heat storage capacity obtained
can be determined as a function of

the solids content with the following
formula:

Quoy = Mogy X AH (- within AT)

Quaer = Myater X 421 kd/kgK x AT

Qtotal = QPCM + Qwater

AH = approx. 160 kd/kg = 44 Wh/kg
(see table)

m = mass fractions of PCM or
water

AT = temperature interval

Temperature | Enthalpy [kJ/Kg]
[°C] (solid matter)
10 1.41
11 1.45
12 1.47
13 1.50
14 1.50
15 1.54
16 1.58
17 1.66
18 1.75
19 1.88
20 2.08
21 2.42
22 2.93
23 3.74
24 5.42
25 9.65
26 22.51
27 66.51
28 69.65
29 6.68
30 2.04
31 1.90
32 1.92
33 1.93
34 1.96
35 1.98

Micronal DS 5045 X - Slurry, 1K/min heating
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10 15 20 25
Temperatur (°C)

30 35 40

The data contained in this publication are based on our current knowledge and experience. They do not
constitute the agreed contractual quality of the product and, in view of the many factors that may affect pro-
cessing and application of our products, do not relieve processors from carrying out their own investigations
and tests. The agreed contractual quality of the product at the time of transfer of risk is based solely on the
data in the specification data sheet. Any descriptions, drawings, photographs, data, proportions, weights,
etc. given in this publication may change without prior information. It is the responsibility of the recipient of
our product to ensure that any proprietary rights and existing laws and legislation are observed.

Edition: August 2011

This data sheet will be rendered invalid if it is superseded by a later version.

® = Registered trademark of BASF SE
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Innovative PCM's

Thermal Ta;ncdhnology R U B I H ERM

PHASE CHANGE LEATERTAL

Product
Information

Phase Change Material based on n-Paraffins and Wasge

A new generation of ecological heat storage mdgeuglising the processes

of phase change between solid and liquid (meltimy@ngealing) to store
and release large quantities of thermal energgatiy constant temperature.

The RUBITHERMe phase change materials (PCM’s) provide a verycgffe
means for storing heat and cold, even when limr@ddmes and low
operating temperature differences are applicable.

We look forward to discussing your particular qicest, needs and interests
with you.

Properties:

» High thermal energy storage capacity
Rubitherm Technologies GmbH » Heat storage and release take place at relatbeglgtant temperatures
Sperenberger Str. 5a » No supercooling effect
D-12277 Berlin » Long life product, with stable performance throulyd phase change cycles
» Ecologically harmless and non-toxic
» chemically inert
» Melting temperature range between approx. —4 °Cl&ad°C
» viscosity- and density increasing through addgjwbis impeded deliquesce at melting

Tel: +49 30 720004-62
Fax: +49 30 720004-99
E-Mail: info@rubitherm.com
Internet: www.rubitherm.com



Data Sheet

RUBITHERM® RT 6

Melting area

Congealing area

Heat storage capacity
temperature range -2°C to 13°C

Density solid
at-15°C

Density liquid
at 15°C

Volume expansion
In phase change range

Heat conductivity

Kin. Viscosity
at 50°C

Flash point (PCM)

corrosion

water hazard

RUBIJHERM

PHASE CHANGE MATERIAL

Typical Values

4-7
typical being: 6°C

6-2
typical being: 6°C

175

0.88
0.77
14

0.2

18.67

122

chemically inert with respect
to most materials

Water hazard class (WGK ) 1

Version: 15.10.20009



