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RESUMEN

En el presente trabajo se plantea el problema de la pérdida de refrigerante en los
puntos de unién con soldadura de los intercambiadores de calor utilizados en las

unidades de aire acondicionado.

Asi como el efecto negativo que ocasiona la pérdida de refrigerante en el desempefio del

equipo y los gastos que se incurren por la aplicacion de garantias.

Se utiliza como metodologia de trabajo el analisis de patentes y la metodologia TRIZ

para determinar posibles alternativas de solucion.

Las alternativas planteadas incluyen propuestas de mejora continua y redisefio del

proceso y materiales.
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1.1 Probleméatica

Hoy en dia algunos de los retos mas importantes a los que se enfrenta una empresa

dedicada a la manufactura son:
e Logistica de suministro de materia prima y producto terminado.
e (alidad de los productos.

Estos problemas son de igual importancia ya que de nada sirve manufacturar productos
de alta calidad si no se tiene la materia prima a tiempo o no se entregan en el momento y

lugar preciso y viceversa.

Los esfuerzos y recursos que se invierten para alcanzar la calidad requerida son
considerables. Por ejemplo: en la industria del aire acondicionado se colocan en las

lineas de produccién de 6 a 7 puntos de revision de calidad de un total de 30.

Generalmente en la industria manufacturera los reclamos sobre productos que han sido
vendidos y no cumplen con las caracteristicas ofrecidas tienen un alto impacto negativo
en la satisfaccion del cliente con el producto y en los costos extras que se generan con

los costos de retrabajo, reparacién y partes de repuesto.

En el caso de la industria de aire acondicionado los costos se incrementan
sustancialmente debido a que la garantia se aplica en el lugar donde se realizé la
instalacién del producto: la azotea de una vivienda, el cuarto de maquinas de un edificio
o empresa, etc. Para esto generalmente se traslada personal técnico calificado,
herramienta, equipo y refacciones de reemplazo hasta ese lugar, pues resultaria mas
costoso si se trata de desinstalar el equipo, enviarlo al centro de servicio, repararlo,

regresarlo y reinstalarlo.

La operacion de una empresa manufacturera de equipo de aire acondicionado puede

llegar a erogar en promedio por costos de garantias aproximadamente dos millones de

ddlares por afio.
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1.1.1 Calidad de los productos

Los problemas relacionados con la calidad del producto son muy variados, pero en

general se pueden concentrar en dos grandes grupos: de apariencia y de desempefio.
e Apariencia.

Los problemas de apariencia son muy faciles de identificar y estan relacionados con
la estética del producto. Por ejemplo: partes de lamina con tonos de color variado,

formado de lamina deficiente, mal ensamble, etiquetas mal colocadas, entre otros.

El caso de las unidades de aire acondicionado, en los inicios de su comercializacion lo
mas importante era el desempefio de la unidad, asi como la confiabilidad y efectividad
de su funcionamiento, hoy en dia el funcionamiento y el desempefio son caracteristicas
minimas esperadas por los consumidores, mientras la apariencia y el costo toma un

papel cada vez mas importante en la decision de compra.
e Desempefio.

El bajo desempefio o mal funcionamiento de un producto es determinante para
generar el reclamo del consumidor que incluso puede llegar a niveles legales por

incumplimiento de lo prometido por el producto.

Retomando el ejemplo de la industria del aire acondicionado, las razones de la pérdida
de eficiencia o falla en las unidades es causada por muchos factores que intervienen en

el funcionamiento. Los mas comunes son:

— Componentes eléctricos.

— Compresor.

— Falta de refrigerante.

— Obstrucciones en el circuito de enfriamiento.
— Rozamiento de ventilador.

— Componentes equivocados.

— Ensamble incorrecto.
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Para cada uno de estos problemas se han desarrollado sistemas de verificacion de calidad

que ayuden a minimizarlos.

En la siguiente tabla se muestran los problemas relacionados con desempefio y las

pruebas que se han desarrollado en la biisqueda de disminuir estos defectos.

Tabla 1. Defectos y prueba que puede detectarlo.

— R

un test.
Componentes eléctricos
— Hipot.

Compresor — Run test.

— Cémara de prueba de fugas.
— Prueba de explosion.

Falta de refrigerante
~> Prueba de explosion en agua.

— Detector de fugas manual.

—> Run test.
Obstrucciones en el circuito de enfriamiento
— Vacio de circuito.

Rozamiento de ventilador — Run test.
— Run test.
Componentes equivocados
— Hipot.
—> Run test.
Ensamble incorrecto ;
—> Hipot.

La criticidad de cada uno de los factores que afectan el desempefio de los equipos puede

ser determinado por el impacto y su ocurrencia.

3
-
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La siguiente tabla muestra el impacto que provoca cada factor en el funcionamiento y

desempefio de las unidades.

Tabla 2. Defecto e impacto que provoca en la operacion del equipo.

DEFEFCTO INIPACTO

Componentes eléctricos — No arranque del equipo.

— No arranque del equipo.
Compresor — Funcionamiento deficiente.

— Nivel de ruido fuera de estandar.

Falta de refrigerante — Funcionamiento deficiente.

Obstrucciones en el circuito de enfriamiento | — Funcionamiento deficiente.

—> Nivel de ruido fuera de estandar.

Rozamiento de ventilador — Daflio a ventilador y componentes

periféricos.

— No arranque del equipo.

—» Funcionamiento deficiente.
Componentes equivocados

— Dafio a unidad y/o otros componentes.

—> Nivel de ruido fuera de estandar.
Ensamble incorrecto

— Dafio a unidad y/o otros componentes.

No obstante que se han desarrollado para cada uno de los defectos anteriores pruebas de
verificacion, se continian presentando problemas de rechazo en el proceso productivo y
con el usuario final. Por otra parte, la ocurrencia de cada uno de los defectos es otro

factor que determina la magnitud del problema.
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1.1.2 Falta de hermeticidad en unidades de aire acondicionado

La falta de hermeticidad de una unidad de aire acondicionado provoca la fuga del
refrigerante y es probablemente uno de los defectos con mayor recurrencia. Este

problema genera un costo econémico elevado para la empresa.

La produccion anual de una planta de equipo de aire acondicionado para aplicaciones
residenciales principalmente consta de 69,800 unidades, entre las cuales se detectaron
1,300 unidades con algln tipo de fuga. La deteccion de las fugas pudo ocurrir durante la
revision final de calidad, en el centro de distribucion, durante la instalacion del equipo o

después de iniciada la operacion con el cliente final.

Definitivamente el costo por el retrabajo de las unidades varia dependiendo del punto de
la cadena de valor donde se encontrd el defecto, cuando la unidad falla durante la
operacion cotidiana con el cliente final dentro del periodo de garantia es sin duda el
costo mas elevado que se puede erogar porque la reparacion se realiza sobre la unidad ya

instalada.

La mencionada falta de hermeticidad del sistema de aire acondicionado es uno de los
problemas mds recurrentes y dificiles de resolver. El grado de dificultad depende del
lugar donde se encontrd, es decir, una fuga detectada en la planta es mas fécil de

encontrar y corregir que una fuga encontrada en una unidad que ya estd instalada.

Existen varias causas que afectan la cantidad de refrigerante en las unidades por las
cuales los sistemas de aire acondicionado pueden tener problemas de eficiencia. A

continuacién se mencionan las mas importantes:
o Carga de refrigerante incorrecta.

e Mala instalacidn del sistema.

¢ Fugas en los componentes de la unidad.

La carga de refrigerante era un problema constante en la década pasada debido a que la
carga se media a través del volumen, por lo que era necesario mantener parametros

como presion y temperatura constantes que dificilmente se lograban.
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En la mayoria de los casos el refrigerante se aimacena en tanques estacionarios y por sus
dimensiones estos tanques normalmente se localizan en el exterior de las instalaciones,
expuestos al medio. El refrigerante se lleva al punto de uso a través de un sistema de
bombeo. En el caso de localidades con ambiente con temperatura ambiente muy variable
resultaba imposible mantener los factores de presion y temperatura constantes. Hoy en
dia se utiliza la medicién de flujo masico, la cual ofrece alta precision en el llenado sin

que intervengan otros parametros.

El problema de una instalacion deficiente se presenta principalmente en los sistemas
divididos, que son los que cuentan con condensadora y evaporadora independientes.
Pueden ser varios los problemas relacionados con el refrigerante, tales como: fugas en la
tuberia de conexidn, carga complementaria insuficiente, dafio en la tuberia de unidad

durante las maniobras de instalacion que provoca fugas, entre otras.

Las fugas en los componentes se refieren principalmente a la tuberia de cobre, es un
problema que no ha sido resuelto completamente y es donde se concentra la mayoria de
los esfuerzos de los fabricantes de unidades de aire acondicionado que van desde

tecnologias de soldadura automdtica hasta métodos de deteccion de fugas.

1.2 Planteamiento de solucién

En el presente trabajo sc¢ buscard plantear alternativas de solucion a la pérdida de
refrigerante en las unidadces de aire acondicionado para disminuir el efecto negativo en

el desempefio del equipo y en los gastos que se efectiian por la aplicacién de garantias.
Las razones de la busquedn de alternativas de solucidén son las siguientes:

— Disminuir la cantid.! de uniones de soldadura en las unidades de aire

acondicionado.
— Simplificar el proceso de fabricacion.
— Disminuir la cantidad de¢ componentes en los intercambiadores de calor.

— Disminuir el uso de guses, energéticos y combustibles necesarios para efectuar los

procesos de soldadura.
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— Disminuir fuentes de cmisiones contaminantes (calor, gases de combustidn, aceite

hidraulico usado).
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2.1 Solucién de problemas

Los problemas se catalogan en cinco niveles dependiendo el grado de dificultad

que presentan. [Hipple, Abril 2005).

Nivel 1. Se refiere a los problemas simples para los cuales no se requiere un nivel
especial de experiencia o capacidad en solucién de problemas, por otro lado, los

ingenieros reciben entrenamiento académico para este tipo de problemas.

Nivel 2. Son problemas ligeramente dificiles y los ingenieros requieren resolver
contradicciones simples para alcanzar el disefio adecuado. Su solucion es relativamente
facil a través de la adicidn de otro proceso, utilizando un recurso existente y gastando
algunos recursos econémicos. La tendencia natural de los ingenieros es agregar algo

para resolver la contradiccion simple.

Nivel 3. Estos problemas son mas complicados, la contradiccion es mas dificil y la
soluciéon no es tan obvia. Una posible soluciéon a este tipo de problemas es la
automatizacién, pero se vuelve mas complejo el sistema y es probable que pueda
generar problemas en el futuro. Resolver este tipo de problemas sin agregar suficiente
complejidad es un reto. Otra manera de atacar este tipo de problemas es utilizando

fuerza bruta.’

Nivel 4. Los problemas de este nivel son realmente un gran problema, son los que nadie
quiere enfrentar. Usualmente se utilizan parches y el problema pasa a futuras
generaciones. Varios miles de horas-hombre ingeniero son utilizadas en este tipo de

problemas antes de encontrar una solucion.

Nivel 5. Es el tipo de problemas que usualmente requiere totalmente un nuevo nivel de

ciencia.

! Fuerza bruta: uso de fuerza o energia de manera innecesaria.

o0
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2.2 Innovacion Efectiva

El reto de los innovadores que desean lanzar nuevos productos y compafiias
siempre sera grande, sin embargo, los retos pueden ser vencidos si las compaiiias
cambian su enfoque de desarrollo al azar y su proceso de innovacién tradicional y
reconocen la necesidad de enfocarse en los pasos clave de la innovacién: [Andénimo,

Junio 2004].

— Estrategia tecnoldgica.- paso vital en el proceso de innovacién, las grandes
oportunidades son la satisfaccion de las necesidades latentes. La metodologia de
innovacién TRIZ tiene nueve leyes de evolucidn, las cuales ayuda a sugerir cuales

son las siguientes direcciones de innovacioén. [Anénimo, junio 2004].

\

Generaciéon de concepto.- conceptual este paso ayuda a agregar patrones de

invencion que son identificados por TRIZ.

\

Seleccion de concepto.- significa tomar la mejor idea de innovacién.

"

Desarrollo robusto.- muchos conceptos nuevos trabajan bien en condiciones ideales,
pero el verdadero reto es que trabajen bien bajo condiciones reales en produccién o

durante el uso por los consumidores.

\

Tecnologia en buena posicidn.- el proceso de experimentacion de una innovacion
requiere de tiempo y dinero, en caso de no tenerlo es facil caer en un proceso

acelerado que termina rapidamente en el programa de comercializacién.

\

Transferencia de tecnologia.- es cuando la innovacién es transferida a un programa
de comercializacién, esta debe hacerse cuidadosamente para evitar el notorio

“volarse la barda”. [Andénimo, junio 2004].

2.3 Avances tecnolégicos

Los avances tecnoldgicos a partir de la segunda parte del siglo XX han superado
sin duda los avances alcanzados por la humanidad desde sus inicios. Un radical avance
obtenido fue marcado por la invencién de un aparato que ayudaba a realizar operaciones

matematicas basicas en los afios 50°s. Desde ese momento hasta la fecha las técnicas,
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métodos y tecnologias han luchado entre si, lo existente contra lo nuevo. Cuando una
nueva tecnologia es desarrollada para sustituir a otra normalmente la tecnologia

existente tiene ventaja sobre la tecnologia emergente.

El hecho que la mayoria adopte una tecnologia determinada facilita la permanencia de la
misma. Existen muchos factores que facilitan la adopcién de una tecnologia

determinada, a continuacion se presentan los mas importantes: [Winch, 1997].

— Aprendizaje por uso.- cuando la mayoria maneja determinada tecnologia es

relativamente facil que la tecnologia sea dominada en su totalidad.

"

Redes de externalidades.- es el caso en el que las tecnologias ofrecen ventajas

adicionales sobre su competencia.

"

Economias de escala en produccion.- sucede cuando se lleva a cabo la aplicacién de
la tecnologia en productos y servicios. En este caso la difusion de la tecnologia
depende de la cantidad de productos o servicios que se pueda ofrecer en los
mercados, entre mas productos o servicios sean generados, los costos de produccién
seran disminuidos y en consecuencia podran ser ofrecidos en precios cada vez mas

accesibles al mercado.

— Incremento en la informacion de beneficios.- cuando el conocimiento y el
entendimiento de los beneficios de alguna tecnologia especifica son cada vez mas
populares automaticamente disminuye €l temor de su uso y/o adquisicion, por lo cual

se incrementa su atractivo.

— Interrelaciones tecnologicas.- cuando las tecnologias alcanzan un nivel de adopcién
alto, comienzan a surgir sub-tecnologias y productos que complementan y se

convierten en parte de su infraestructura.

Los cambios tecnolégicos no siempre son adaptados con facilidad, incluso algunos

Jamas alcanzan a ser adoptados y se retiran de manera inmediata.
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2.4 Patentes

La proteccion que ofrece una patente implica que la invencién, el modelo de
utilidad, o el disefio industrial no pueden ser confeccionados, utilizados, distribuidos o

vendidos comercialmente sin el consentimiento del titular de la patente.

En Estados Unidos el cumplimiento de los derechos de patente se hace respetar en las
Oficinas de Patentes y en los Tribunales. Las Oficinas de Patentes tienen a su cargo el
registro y vigilancia de los derechos que otorga una patente y puede declarar la nulidad
de una patente si un tercero logra demostrar la ausencia de derecho a la misma. Los
Tribunales tienen la facultad de sancionar las infracciones que se cometan contra una
patente y puede declarar no valida una patente si un tercero obtiene satisfaccion en un

litigio relacionado con la misma.

El titular de una patente tiene el derecho de decidir quién puede -0 no puede- utilizar el
producto o procedimiento patentado durante el periodo en el que esta protegida la
invencion, el modelo de utilidad, o el disefio industrial y puede dar su permiso, o
licencia a terceros para utilizar o explotar comercialmente la invencién, el modelo de
utilidad o el disefio industrial de acuerdo a términos establecidos de comtn acuerdo.
También puede vender total o parcialmente el derecho a la invencion, €l modelo de
utilidad o el disefio industrial a un tercero, que se convertira en el nuevo titular de la

patente.

Cuando la patente expira, expira la proteccion y la invencion, el modelo de utilidad o el
disefio industrial pasan a pertenecer al dominio publico; es decir, el titular deja de tener
derechos exclusivos sobre la invencion, €l modelo de utilidad o el disefio industrial, el

cual pasa a estar disponible para la explotacién comercial por parte de terceros.

La solicitud de patente contiene, por lo general, el titulo de la invencién, del modelo de
utilidad, o del disefio industrial, asi como una indicacién sobre su ambito técnico; debe
incluir los antecedentes tecnolégicos relevantes y una descripcion en un lenguaje claro y
con los detalles suficientes para que una persona con un conocimiento medio del ambito
en cuestion pueda comprender, utilizar o reproducir. Estas descripciones estin

acompafiadas usualmente de dibujos, férmulas, planos o diagramas que contribuyen a su
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mejor comprension. La solicitud contiene también informacién que determina el alcance

de proteccion que garantizara la patente.

Las invenciones, modelos de utilidad o disefios industriales que pueden ser protegidos,
no deben ser soluciones tedricas o meras ideas; deben presentar alguna caracteristica

nueva que no se conozca en el campo existente de su ambito técnico.

Debe producirse innovacion suficiente, esto significa que no pueda ser deducido por una
persona con un conocimiento medio del &mbito técnico de que se trata. Finalmente, su
materia debe ser aceptada como "patentable” de conformidad a derecho. En numerosos
paises, las teorias cientificas, los métodos matematicos, las obtenciones vegetales o
animales, los descubrimientos de sustancias naturales, los métodos comerciales o
métodos para el tratamiento o diagndstico médico (en oposicidn a productos médicos), el

software, y tantos otros, no son patentables.

Los titulos de patente son concedidos por una Oficina nacional de patentes o por una
Oficina regional que trabaja para varios paises, como por ejemplo la Oficina Europea de
Patentes y la Organizacion Regional Africana de la Propiedad Industrial. Los sistemas
regionales permiten a un solicitante pedir proteccion para la invencidn, el modelo de
utilidad, o el disefio industrial, en uno o mas paises conjuntamente, y cada pais decide si

brinda proteccion a la patente dentro de sus fronteras.

El Tratado de Cooperacién en materia de Patentes (PCT), administrado por la OMPI,
permite a los nacionales o empresas residentes de paises miembros del tratado, que se
presente una tnica solicitud internacional de patente que tiene el mismo efecto que las
solicitudes nacionales presentadas en los paises designados en la solicitud internacional.
Un solicitante que desee protecciéon puede presentar una VUnica solicitud y pedir
proteccidn en tantos paises miembros como sea necesario o desee. Actualmente, no son
muchos los paises miembros de este tratado pero paulatinamente se van agregando
nuevas adhesiones. [OMPI, 2005].
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2.5 Analisis con TRIZ

En 1950 Genrich Altshuller un examinador de la oficina de patentes en la marina

Rusa, inicid una variedad de alternativas de creatividad e innovacion cientifica.

TRIZ proviene del acrénimo en ruso “Teoria de Soluciéon de Problemas de Inventiva”

acentuando la parte de inventiva.

Las investigaciones de Altshuller encontraron que todas las grandes invenciones
resolvieron grandes contradicciones, en esencia estos inventos desplegaron gran
creatividad. Una de las conclusiones fundamentales fue encontrar que un ndmero
limitado de principios de inventiva fueron utilizados a través de varias areas de la

industria, ciencia y tecnologia [ Smith, Marzo 2003].

TRIZ es un proceso de solucién de problemas que se basa en resolver problemas de
disefio y contradicciones de ingenieria. Se enfoca en definir un sistema ideal, abriendo
recursos no-obvios y tomando ventaja de patrones de invencién comin en numerosas

industrias y tecnologias que pueden ser usadas en modos muy amplios.

TRIZ puede ser considerado complejo, probablemente porque los problemas dificiles
que se tratan de resolver no muestran a simple vista sus contradicciones, todo depende

del problema.

Altshuller condensd los parametros de ingenieria mas comunes encontrados en los
sistemas analizados, resultando 39. Después de estudiar los parametros de invencion en
la literatura de patentes postulé los 40 principios méas comunes utilizados para resolver

contradicciones entre pardmetros.

Es necesario familiarizarse con los 39 pardmetros de ingenieria y los 40 principios de
inventiva en TRIZ y como el corazén de TRIZ es resolver contradicciones de inventos
pasados es necesario adicionalmente aprender a utilizar la tabla de contradicciones de
TRIZ.
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Tabla 3. Parametros mas comunmente utilizados por los ingenieros.

1. Weight of 2. Weight of non- |3. Lenght of 4. Lenght of non-
moving object. moving object. moving object. moving object.
5. Areaof moving |6. Areaofnon- 7. Volume of 8. Volumen of non-
object. moving object. moving object. moving object.
9. Speed. 10. Force. 11. Tensidn, 12. Shape
pressure.
13. Stability of of 14. Strenght. 15. Durability of 16. Durability of non-
object. moving object. moving object.
17. Temperature. 18. Brightness. 19. Energy spent by | 20. Energy spent by
moving object. non-moving
object.
21. Power. 22. Waste of energy. |23. Waste of 24. Loss of
substance. information.
25. Loss of time. 26. Amount of 27. Reliability. 28. Accuracy of
substance. measurement.
29. Accuracy of 30. Harmful factors |31. Harmful side 32. Manufacturability
manufacturing. acting on object. effects.
33. Ease of 34. Repairability. 35. Adaptability. 36. Complexity of
operations. device.
37. Complexity of |38. Level of 39. Productivity
control. automation.
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Tabla 4. Principios de inventiva de Altshuller.

1. Segmentation 2. Extraction 3. Local quality 4. Asymmetry
5. Merging 6. Universality 7. Nested doll 8. Anti-weight
9. Perliminary anti- | 10. Prior or|11. Beforechand 12. Equipotentiality
action preliminary chushioning
action
13. Inversion 14. Speheroidality | 15. Dynamicity 16. Partial or

excessive action

17. Another 18. Mechanical 19. Periodic action | 20. Continuity  of
dimension vibration useful action
21. Skipping 22. Blessing in | 23. Feedback 24. Intermediary
disguise
25. Self-service 26. Copying 27. Cheap short- | 28. Mechanics
living objects substitution

29. Pneumatics and |30. Flexible  shell | 31. Porous materials |32. Color changes

hydraulics and thin films

33. Homogeneity 34. Discarding and | 35. Transformation |36. Phase trnsitions

recovering

37. Thermal 38. Strong oxidants | 39. Inert atmosphere |40. Composite

expansion materials

La elaboracion de la tabla inicia colocando en un eje todos los parametros de ingenieria
que se desean mejorar, en el otro eje se colocan de igual forma los parimetros que se
desean evitar. Las intersecciones pueden entonces sugerir un numero sorprendente de los

principios de inventiva que deben ser explorados.
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TRIZ provee una estructura que incrementa la habilidad para encontrar un conjunto de

exhaustivas ideas con las que se puede resolver un problema.
Los principios de separacion son:

— Separacién de la funcionalidad en tiempo

—> Separacion de la funcionalidad en espacio.

— Separacién de funciones en partes del sistema o entero.

— Separacion de la funcionalidad basada sobre una condicién.

TRIZ provoca dar un paso hacia atras y observar cuan grande es el alcance y limite del
problema y asi poder encontrar la causa raiz. Esto hace mas creativos a quienes lo

aplican [Hipple, 2005].

2.6 Fabricacion de un intercambiador de calor

Los serpentines son intercambiadores de calor que forman parte de los elementos

del ciclo de refrigeracién. Se componen de 4 partes fundamentales:
— Aletas de aluminio.

— Tuberia de cobre.

— Codos de retorno.

— Tube sheet.

2.6.1 Aletas de aluminio

La funcion de las aletas de aluminio es transferir calor de la tuberia de cobre al
medio ambiente. Su fabricacién inicia con el troquelado de la hoja de aluminio para
formar las aletas de aluminio. El troquelado se lleva a cabo en una prensa hidraulica a

través de un troquel preparado especialmente para esta aplicacion [Bravo, Julio 2004].

Las aletas de aluminio son parte muy importante del serpentin, los factores que

determinan el desempefio esperado son:
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— Altura de cuello.

— Cantidad de agujeros.

— Tipo de troquelado (plano o enhasment).
— Dimensiones generales.

— Espesor de aluminio.

Fig. 2.1 Aleta de aluminio para serpentin de 32 agujeros.

2.6.2 Tuberia de cobre

La tuberia de cobre se prepara a partir de rollos en forma de bobina, la tuberia se
alimenta a una maquina dobladora de tubo, la cual endereza la tuberia para

posteriormente doblarla en forma de “U”, [Bravo, Julio 2004].
Los factores determinantes de la tuberia son:
— Longitud de tuberia.

— Diametro de tuberia.

— Diferencia en longitud de extremos “peg leg”.

Fig. 2.2 Tuberia de cobre
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2.6.3 Codos de retorno

Los codos de retorno se utilizan para cerrar el circuito del serpentin, el proceso
de fabricacion es muy simple ya que solo se requiere una maquina para doblar tuberia.
Los codos de retorno son de espesor mayor a la tuberia de cobre que se insertan en las
aletas de aluminio. Una vez formados los codos de retorno se insertan en ambos
extremos anillos de material de aporte para que se fundan con la soldadura automatica,

[Bravo, Julio 2004].

Fig. 2.3 Codos de retorno.

2.6.4 Tube sheet

El tube sheet son dos placas de lamina troquelada que se colocan en los extremos
del serpentin. La funcién de los tube sheet es sujetar las aletas de aluminio durante el
proceso de expansién, ademas de servir de soporte del serpentin para instalarse en la

unidad de aire acondicionado, [Bravo, Julio 2004].

..“‘.....‘.....O
...‘..‘..............

Fig. 2.4 Tube sheet
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2.6.5 Ensamble de serpentin

El ensamble del serpentin se realiza sobre mesas disefiadas para manejar

adecuadamente las aletas de cobre.

Fig. 2.5 Mesa para ensamble de serpentin.

El proceso inicia colocando las aletas de aluminio en las guias de la mesa hasta que se

completa la cantidad de aletas requeridas segtin €l modelo del serpentin.

Al final se coloca el segundo tube sheet para completar el ensamble, posteriormente se
comienza a introducir la tuberia de cobre dentro de los agujeros de las aletas de aluminio
hasta completar el serpentin. Una vez terminado este proceso se pasa el serpentin al

proceso de expansidn, [Bravo, Julio 2004].

2.6.6 Expandido de serpentin

El proceso de expansion tiene como objetivo que la tuberia de cobre se una a las
aletas de aluminio por medio de fuerza mecénica. Después del proceso de expandido las
aletas de aluminio, la tuberia de cobre y los tube sheet forman una pieza firme para

lograr una mejor transferencia de calor.

El serpentin con la tuberia de cobre y con un tube sheet en cada extremo se coloca en la
maquina expansora. El proceso consiste en introducir varillas dentro de la tuberia de

cobre, en el extremo de las varillas que entra en el serpentin se colocan puntas con el
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diametro que se desea dar a la tuberia de cobre. Con la accién de la entrada de las
varillas en la tuberia ésta se ensancha y se fija a las aletas de aluminio, [Bravo, Julio

2004].

a
L —y T

b
,u.a-ﬂ'

R

W
s WAL

Wi

4 \

Fig. 2.6 Proceso de expandido

2.7 Soldadura automatica

La soldadura automaética se realiza a través de un equipo automatizado en el cual se
coloca el serpentin con la tuberia de retorno y los aros de soldadura. Se alimenta
mediante un transportador que lleva al serpentin al interior, una vez colocado el
serpentin en posicién y mediante antorcha se funde el material de aporte, quedando

unida la tuberia de retorno al serpentin, [Bravo, Julio 2004].
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Fig. 2.7 Proceso de soldadura automdtica.

2.8 Procesos de soldadura

Soldar significa unir piezas metélicas de la misma o semejante composicion hasta

formar una sola pieza.

La soldadura se puede realizar con aportacién o adicién de un material que suele ser de

la misma naturaleza que las piezas a soldar o también sin aportacion de material.

La resistencia y cohesion que asegura la soldadura es igual o superior a la del metal de
base. Cuando el metal de aportacidn es distinto del metal base se le llama soldadura

heterogénea y cuando es igual o muy similar, soldadura homogénea.
Las variedades mas importantes para soldar son:

e Soldadura blanda y fuerte.

e Soldadura autégena.

e Soldadura eléctrica.

La soldadura blanda y fuerte consiste en la aportacion de un metal o aleacién fundidos

que se deposita entre las superficies.
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Si el metal o aleacion aportada se funde a una temperatura inferior a 4,500°C se llama

soldadura blanda.

Cuando la temperatura para calentar el material de aportacion supera los 4,500°C, se

llama soldadura fuerte.

Las aleaciones mas usadas para soldadura blanda son las de estafio y plomo. Este tipo de
soldadura se emplea en latoneria; en uniones de baja resistencia y es también la

soldadura clésica de las conexiones eléctricas.

Los materiales de aporte para la soldadura blanda se suministran en forma de barras o

alambre de tubo, pero a veces también en forma de granos.

Al realizar soldaduras blandas se emplea generalmente un soldador y lampara de soldar

para calentar la parte que se suelda y para fundir el material de soldadura.

La soldadura fuerte emplea cobre y aleaciones de zinc o plata. Es mas resistente y menos

sensible a la temperatura que la soldadura blanda.

Para calentar el sitio a soldar se utilizaba antes la lampara de soldar de gasolina, hoy en

dia est4 generalizado el empleo de la alta temperatura del soplete de soldar.

La soldadura autdégena o por fusion se realiza mediante gas, este procedimiento para
soldar se utiliza para unir piezas a través de calentamiento y a través de un tercer

elemento que es el material de aporte.

Para calentar el material se utiliza un mechero o soplete de soldar. El gas combustible,
que es por lo general el acetileno, se produce en gaségenos especiales. Para el proceso
de combustion es necesario también el oxigeno. Las llamas de acetileno y oxigeno
pueden llegar a una temperatura de 3,200 °C. Por el empleo de estos gases se le ha dado

al soplete el nombre de soplete oxiacetilénico.

La soldadura eléctrica por arco es un procedimiento que emplea el calor de un arco
eléctrico para la fusién del material en el sitio que se quiere soldar. El arco se produce o
salta entre dos conductores algo separados de polaridad distinta. Uno de los polos esta
constituido por las mismas piezas a soldar conectadas en un circuito eléctrico y el otro

polo ¢s el material de aporte. Ambos estan conectados a una fuente de energia eléctrica o
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generador. Cuando se establece el arco eléctrico la temperatura se eleva en la zona por
encima de los 3,000 °C, el calor provoca la fusidn de las partes de la junta a soldar y la
unién se consigue mediante el goteo del material de la varilla de aporte en forma de

liquido en la rendija de la junta.

El depodsito de metal que durante la operacion de soldadura deja la varilla sobre la
superficie de la pieza, se denomina cordén. Este es el proceso de soldadura mas

comunmente utilizado y se emplea principalmente para unir entre si piezas de acero.

En la soldadura por resistencia eléctrica se hace pasar una corriente eléctrica de alta

intensidad a través de los metales y en el punto de la soldadura.

La resistencia de los metales a la corriente es suficiente para fundir el metal en el punto

de unidn, produciéndose asi 1a soldadura de las piezas.

En el procedimiento de soldadura por puntos se requiere de un equipo especial, el cual
cuenta con dos electrodos que realizan el proceso de soldadura. El metal se coloca entre
los dos electrodos y presionando una palanca o pedal los electrodos se cierran dejando
en medio de ambos los materiales a unir, la corriente pasa a través del punto de metal

colocado entre éstos.

La soldadura por puntos ha adquirido una gran importancia industrial en todas las
aplicaciones de lamina fina como en la industria automotriz, de electrodomésticos, de

jugueteria, etc.

Se entiende por junta soldada la zona en la que las piezas se unen por soldadura.

La soldadura tiene como fin:

— Aumentar la longitud de las piezas.

— Aumentar ¢l espesor.

— Obtener derivaciones, refuerzos, formas complejas, oblicuas, angulares y multiples.

Se le nombra cordén de soldadura al elemento que une las piezas en la junta de
soldadura. Est4 formado por el material fundido de las piezas mas el material de

aportacion, cuando lo hay. Al cordén de soldadura también se le llama costura.
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Las clases de cordén se determinan por la posicién y por la forma de preparacion de las

piezas que es necesario hacer antes de realizar la junta soldada [Carrier, Mayo 1995].

2.9 Brazing

Es el proceso de unir metales utilizando calor y una aleacién como material de
aporte a una temperatura por encima de los 440 °C. La temperatura de trabajo siempre

debe ser inferior a la temperatura de fusién de los metales a unir.

Este proceso utiliza el calor que se suministra a los metales para fundir el material de
aporte y que éste se introduzca por capilaridad entre ambos metales. El metal de aporte

es distribuido entre las superficies de los metales a unir por atraccién capilar.

La capilaridad es una fuerza creada por la tension superficial entre la aleacion (material
de aporte) y los metales que se estan uniendo, provoca la accién de jalar el material

fundido ademas de distribuirlo alrededor de la unién.

El flujo capilar es una de las caracteristicas de operacién de la soldadura fuerte, es el
principio fisico dominante que asegura una buena unién proporcionando la accién para

que ambas superficies a soldar estén mojadas por el material de aporte.

Especificamente la capilaridad est4 en funcion de la tensién superficial entre los metales
base, el metal de aporte, el flux o atmdsfera y el dngulo de contacto entre el metal base y

el metal de aporte.

Flux es un compuesto quimico aplicado a la superficie de unién que previene la
oxidacién durante el proceso de soldadura y absorbe algunos 6xidos que no son
removidos durante la limpieza de la tuberia. Es importante resaltar que el flux no es un
limpiador. Las éareas a soldar se liberan de contaminantes y 6xidos por la accién del flux,
que debe ser calentado hasta su punto de fusién para que el metal de aporte ocupe su
lugar, generandose una accién capilar con el metal base varias veces mayor que la

accion de capilaridad entre el flux y el metal base.

Las superficies con oxidacién no permiten que el material de aporte se distribuya
adecuadamente sobre el metal base. La capa de oxidacién incluso no permite el contacto

directo entre la aleacion y ¢l metal base y como consecuencia no hay una buena
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adhesion entre ambos. En caso que el proceso de soldadura utilice flux y las superficies
presenten oxidacién y otras impurezas éstas pueden quedar atrapadas en la union,

convirtiéndose en poros o burbujas que debilitan la resistencia de la unioén.

CAPILARIDAD
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Fig. 2.8 Accion de la capilaridad en la soldadura de tuberia.

La soldadura oxi-combustible utiliza una flama de gas combustible como fuente de calor
en la soldadura fuerte. El gas combustible es mezclado ya sea con oxigeno o aire para
producir una flama que se aplica a la pieza de trabajo hasta que se llega a la temperatura

para soldar y poder colocar o introducir el metal de aporte.

Ventajas:

Equipo de bajo costo.

e No es necesario calentar toda la pieza.

Es posible automatizarla.

La mayoria de los metales puede ser soldado.
Limitaciones:
e Oxidacién y decoloracién de la superficie.

e Los residuos de flux deben ser removidos.

e Materiales altamente reactivos como titanio y circonio no pueden ser trabajados.
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e Piezas muy grandes son dificiles de calentar.

Dentro de las aplicaciones encontramos el uso de cobre, latén y otras aleaciones de

cobre, asi como hierro y hierro fundido.

Horizontal

R o o 9 20 0 5 5 5 5 5 5 5 5 ¥ A

m WA PSP P

VAT SR G U 0 A A I S G0 A 4T A 8
Leokikoddd Bk il L,

Vertical Vertical
Flujo-Abajo Flujo-Arriba
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Fig. 2.9 Tipos de uniones en tuberia de cobre.

La soldadura con soplete es normalmente utilizada para unir cobre en sistemas
calentadores, aire acondicionado y en la industria de la refrigeracién. Dentro de los gases
utilizados para la soldadura oxi-combustible encontramos al acetileno, gas natural, gas

butano, entre otros.

/ 0.002” - 0.005”

1/ 2

ldidahitiodidadichidondiond,

Fig. 2.10 Ensamble recomendado para soldadura de tuberia de cobre.

Existen algunas recomendaciones bésicas para la unién de tuberia de cobre. La primera

recomendacion es en la medida de lo posible hacer uniones de posicion vertical de flujo-
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abajo (ver Fig. 2.10). Esta posicién facilita la unién debido a que la accién de la fuerza

de gravedad actia en el mismo sentido de la capilaridad.

La segunda recomendacion hace referencia a la tolerancia y profundidad de la
penetracion de la unién. En la Fig. 2.11 se muestra que la tolerancia recomendable es de
0.002 a 0.005 milésimas de pulgada y una penetracién de 0.25 pulgadas. La tolerancia
recomendada ofrece un ensamble facil y el espacio suficiente para que el fenémeno de la
capilaridad actue. La profundidad de penetracién es importante para asegurar que la
tuberia no tendra un ensamble superficial y el material de aporte no penetre demasiado

en el interior de la tuberia y se convierta en una posible obstruccion del sistema.

La unién de la tuberia debe ser firme, alineada cuidadosamente y soportada
adecuadamente. El proceso de soldadura de oxi-combustible a diferencia de otros
procesos es una técnica que requiere cuidado y precision. La desviacion de las
caracteristicas mencionadas afecta directamente la calidad, durabilidad y funcionamiento

de la unién.

Fig. 2.11 Union sin nitrogeno durante el proceso de soldadura (izquierda) y union que

utilizo nitrogeno en el proceso de soldadura (derecha).

La ultima recomendacién es la utilizacién de una purga que libere al sistema y a las
uniones de impurezas y oxidacién durante el proceso de soldadura. Esta purga se puede
hacer a través de un gas inerte como el nitrégeno. El flujo de nitrogeno (purga) a través
del sistema no permite la formacién de oxidacién en las uniones, ademas retira cualquier

material que pueda obstruir el sistema.
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Uno de los parametros que definen la calidad de la soldadura es la mezcla de los gases
para formar la antorcha. Los gases a mezclar son normalmente el oxigeno y gas (natural
o LP), los cuales deben ser regulados a una presion objetivo, buscando una combustién
optima.

La presion de trabajo en el caso de utilizar gas natural en una antorcha manual es de 10

psi, la presidn del oxigeno debe ser de 20 psi.

,. : Flama Neutral

i A Flama recomendada para las
e uniones de tubo de cobre.

é Flama Reducida
: A :

Flama ideal para soldadura de uniones
BRILLIANT BLUE grandes en aceros.

INNER CONE

Flama de Oxidacién

‘ ) El cono azul brillante es més pequefio
w que el neutral y el reducido. No debe
BRILLIANT BLUE . 7
usarse! Alto contenido de oxigeno.

TOO MUCH OXYGEN

Fig. 2.12 Tipos de flamas por la mezcla de gas y oxigeno.

Una vez que se fijaron los parametros de presiéon de ambos gases el siguiente paso es
revisar el porcentaje de cada uno de los gases en la formacién de la flama, es importante
ajustar la flama dependiendo del trabajo que se va a realizar. En la Fig. 2.12 se muestra

los diferentes tipos de flama y su posible aplicacién.

El siguiente paso es realizar el calentamiento de las piezas bajo el procedimiento
adecuado. Para el caso de uniones en la tuberia se debe calentar primero el tubo que es
insertado (macho), la flama debe colocarse entre 0.5” a 1” de distancia del punto de
unién de ambos tubos. El tubo opuesto (hembra) se debe calentar en el area de ensamble

de ambos tubos.
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Durante el calentamiento del area de insercién se funde el material de aporte formando
la soldadura. En la Fig. 2.13 se observa la posicion de aplicacion de la flama para ambos
tubos y la secuencia de calentamiento. Esto se debe realizar de manera alternada hasta

que ambas piezas alcanzan el color objetivo.

3?%’5 Calentar

<" primero

Calentar
segundo l

l

Fig. 2.13 Procedimiento de calentamiento para soldadura de tuberia.

El calentamiento de las piezas se determina basandose en el cambio de color. La
prontitud del proceso de produccién y la velocidad con la que se alcanza el
calentamiento asi como la pérdida del mismo no permite que se realice algun tipo de

medicién numérica como temperatura.

En la Fig. 2.14 se muestra la imagen de un tubo calentado lo suficiente para realizar el
proceso de soldadura y otra imagen de un tubo sobre calentado. Es importante resaltar

que no mejora la calidad de la unidn si los tubos son calentados mas de lo necesario.

Sobre calentar el tubo puede provocar problemas en el cambio de la estructura del metal

base, por otro lado en el caso de tuberias de espesor pequefio puede provocar

deformacién permanente.

Se debe seleccionar cuidadosamente la aleacion del material de aporte, es importante
que no contenga fésforo y/o metales ferrosos como el acero ya que estos componentes

fragilizan la unién y puede fallar en corto plazo.

Un aspecto importante es el tiempo y forma de enfriamiento de la soldadura porque

podria fracturarse. Nunca debe enfriarse con agua.
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Calentamiento Sobre
correcto calentado

Fig. 2.14 Imagen de un tubo de cobre calentado adecuadamente
y un tubo sobre calentado.

Las uniones de cobre con cobre no deben enfriarse con agua mientras se encuentre al
rojo vivo, en caso de tener multiples uniones estas se deben enfriar en el mismo orden en

el que se soldaron [Carrier, Mayo 1995].

2.10 Costo de la soldadura

En un reporte publicado por la American Welding Society (AWS) y el Edison
Welding Institute (EWI) se demostrd que las compafiias que utilizan procesos de
soldadura nunca han evaluado el costo de sus procesos, la mayoria de los

manufactureros no comprenden cuanto gastan y en que lo gastan.

Existen varias razones para conocer los factores que afectan los costos de los procesos
de soldadura, probablemente la principal es para establecer las politicas energéticas. Un
modelo preciso de costo puede facilitar la comparacién de opciones de manufactura, asi
como también permite hacer estimaciones de ahorros que pueden ayudar a justificar una

posible automatizacién.

30



T

ECNOLOGICO
DE MONTERREY . REVISION BIBLIOGRAFICA

2.10.1 Factores de afectan los costos de soldadura

Cuando se considera la mayor cantidad de factores para calcular los costos se
obtienen resultados mas precisos. Por otra parte, considerar todos los factores relevantes

incrementa las oportunidades para buscar una reduccién de costos.

Una manera facil de determinar si una actividad esta relacionada con el costo de la
soldadura es a través de la pregunta: ;Se incurriria en este costo si el producto no

estuviera soldado?

Cuando la pregunta anterior es contestada objetivamente, entonces cualquiera de los

siguientes factores puede ser considerado para ser parte del costo de soldadura:
— Tiempo para preparar la unién.

— Tiempo para preparar el material para ser soldado (retiro de aceites, limpieza

abrasiva).

\

Tiempo para ensamble.

)

Tiempo para precalentar la unién.

\

Tiempo para tack up.

)

Tiempo para posicionar.

)

Tiempo para soldadura.

)

Tiempo para remover escoria.

Tiempo para remover salpicones.

Vo

Tiempo para inspeccion.

\

Tiempo para cargar electrodos.

\

Tiempo para mover el soldador de una localizacién a otra.

\

Tiempo para cambiar ajustes en las maquinas de soldadura.

\

Tiempo utilizado del personal para asuntos personales.

\J

Tiempo para reparar o re-trabajar soldaduras defectuosas.
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— Costos asociados con cualquier tipo de liberacidn de esfuerzos.
— Costo de los electrodos.

— Costo de materiales que sirven de escudo.

— Costo de la energia eléctrica.

— Costo del gas o gases.

Definitivamente el tiempo es el principal costo en que se incurre en los procesos de
soldadura, sin contar que la mayoria de las aplicaciones de soldadura requieren
aleaciones especiales de alto costo, o bien, son operaciones altamente automatizadas. El
tiempo de las operaciones de soldadura y el salario que debe ser pagado al personal con

las habilidades requeridas deberan ser aspectos dominados en los costos de soldadura.

Probablemente exista un infinito niimero de opciones para hacer el céalculo de los costos

relacionados a la soldadura, a continuacion se muestran dos de ellos.

Los modelos complejos asistidos por computadora que buscan captar cada uno de los
factores que contribuyen en el costo y los modelos simplificados. Ambos modelos

tienen imprecisiones.

2.10.2 Modelos simples

En los modelos simples los costos de soldadura se estiman basandose en la mano
de obra, el costo de la administracion, el costo de los consumibles para la soldadura y el

costo de las protecciones.

En la mayoria de los casos el costo de la energia eléctrica es insignificante y en
consecuencia es ignorado. Existen varios costos que son atribuidos a la administracion,
por ejemplo: la planta, equipo, supervision, indirectos, etc., los cuales representan un
factor importante del costo por que en algunas ocasiones son superiores al costo de
mano de obra directa, en factores de 2 hasta 4 veces. Asumir que la administracién y la
mano de obra directa (L&O) tienen el mismo factor de costo ayuda a simplificar el

modelo.

La ecuacidn basica para estimar costo proviene de:
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Costo de soladura = (L&O) + costo de consumibles

Revisando el listado de factores de costo se puede observar que varios de los tiempos no
son requeridos para realizar el proceso de soldadura. Cualquier tiempo que el soldador
aplique a otra actividad es tiempo que no avanza en aplicar soldadura, el total de horas
trabajadas siempre seran mas que el total de horas de aplicacion de soldadura, la relacién
de horas de aplicacién de soldadura entre el total de horas trabajadas se conoce como e/

factor de operacion.

Los costos de soldadura pueden ser estimados utilizando una de las tres aproximaciones

basicas:

— Costo por unidad.
— Costo por longitud.
— Costo por peso.

La aplicacién y seleccion de cada uno dependerd de la aproximaciéon que sea mas

apropiada.

Un punto importante y que debe ser resaltado para el uso de cualquiera de los tres
métodos de estimacidn de costo es la criticidad del uso de las variables y su correcto

dimensionamiento en las ecuaciones.

2.10.3 Costo por unidad

El método de costo por unidad es probablemente el método mas efectivo cuando
la aplicacion de soldadura involucra piezas que se mueven a través de estaciones de
trabajo. Los tipos y tamafio de la soldadura no son relevantes en este método, no importa
si es soldadura con material de aporte, soldadura eléctrica o soldadura con arco. Es
posible que todas se combinen cuando se utiliza este método, siempre y cuando el
tiempo (el factor mas importante en el costo de la soldadura) se mida y aplique
correctamente. Esta es una de las razones por las que se considera este método como el
mas preciso de los tres, debido a que este método mide directamente la variable de costo

mas importante y no es necesario utilizar factores en las variables.
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El costo por unidad de producciéon puede expresarse en ddlares por unidad y puede

estimarse a través de las siguientes ecuaciones:
Costo / unidad = (L&O / unidad) + (material de aporte y proteccion / unidad)
L&O / unidad = (tiempo relacionado a la soldadura / unidad) x (factor L&O)

Para el caso de procesos que utilizan material de aporte, como el proceso de

alimentacion de cable, la ecuacion siguiente puede ayudar a determinar el costo:

Costo de metal rellenado / unidad = (velocidad de alimentacion de cable) x (tiempo de

soldadura) x (peso del electrodo / unidad de longitud) x (costo del electrodo / unidad de
peso)

2.10.4 Costo por longitud

Es el método mas apropiado cuando se desea determinar el costo por longitud de
soldadura aplicada. La forma ideal en la que se aplica este método es cuando la
soldadura se aplica en una sola pasada y tiene un tamafio de cordéon de soldadura
preestablecido. Los costos que ofrece este método deben variar cuando existan
diferencias en la especificacion de dimensiones (excepto longitud) de los cordones de

soldadura.

Para este método la variable del tiempo se contiene en la medicién de la velocidad de
avance. Aunque el ideal del método es utilizarlo en soldaduras aplicadas en solo una

pasada también puede aplicarse en soldaduras de pasadas miltiples.
Las siguientes ecuaciones son utilizadas para estimar el costo por longitud:

Costo / longitud = (costo de L&O / longitud) + (costo de material de aporte y
proteccion / longitud)

Costo L&O / longitud = (L&O factor) / (velocidad de aplicacion) x (factor de
operacion)

Costo de metal rellanado / longitud = {(velocidad de aplicacion de alambre) x (peso del
electrodo / unidad de longitud) x ( costo del electrodo / unidad de peso)} / (velocidad de

aplicacion)
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Costo de material de relleno / longitud = (factor de fundicion) x (peso del electrodo /
longitud) x (costo del electrodo / unidad de peso) / (velocidad de aplicacion) x (% de

uso del electrodo)

Costo del gas para atmdsfera / longitud = (factor de flujo de gas) x (costo del gas (

unidad de volumen) / (velocidad de aplicacion)

Costo de proteccion / longitud (flux) = (peso del metal soldado / longitud) x (factor de
flux aplicado a la soldadura) x (costo del flux / unidad de peso)

2.10.5 Costo por peso

El costo por peso es probablemente el método mas sencillo de costeo, tal vez por
esta razon es el método menos recurrido. Su aplicacion ideal ocurre cuando es mayor la
importancia de los volumenes de material de aporte que la cantidad de pasadas de

aplicacion.

El tiempo es considerado en la medicién del factor de aplicacién de material de aporte
(unidad de material de aporte aplicado por unidad de tiempo). Este método es la mejor

estimacion de costo para la soldadura de multipasos.

El costo por peso es una buena variable para evaluar cambios en el crecimiento del
material aplicado en la unién. No es un método preciso cuando se aplica soldadura de un

solo paso, cordones pequefios y no contabiliza bien la sobre soldadura.
La manera de contabilizar el costo por peso es a través de las siguientes férmulas:

Costo / unidad de peso = ( Costo L&O / unidad de peso) + (Costo de material de aporte
y proteccion / unidad de peso)

Costo L&O / unidad de peso = (Factor L&O) / {(factor de aporte) x (factor de
operacion)}
Costo de material de aporte / unidad de peso = (costo de material de aporte / unidad de

peso) / (eficiencia del electrodo)

Teoricamente los tres métodos descritos deben ofrecer resultados similares, sin embargo,

es probable que presenten variaciones. Por otra parte las variables que intervienen en
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cada metodologia son diferentes. Por ejemplo: si el factor de operacién es incorrecto, los
calculos en las metodologias de longitud y peso van a ser igualmente incorrectos, pero la

metodologia del costo por pieza no seré afectada por este error [Miller, 2004].

2.11 CuproBraze

CuproBraze es un proceso relativamente nuevo para manufacturar
intercambiadores de calor, especialmente radiadores de la industria automotriz. Es un
desarrollo de la ICA (International Cupper Association) y fue implementado OCS
(Outokumpu Copper Strip).

Este proceso ofrece avances significativos sobre otros procesos: bajo costo, eficiente,
intercambiadores compactos, amigable con el medio ambiente y bajo costo de inversién.
Este material y tecnologia alternativa ofrece un 10% de ahorro en costo sobre los

intercambiadores de aluminio convencional.

Los niveles de desperdicio del proceso de CuproBraze son bajos, es ficilmente re-
soldable y requiere menos energia en el proceso de soldadura. El proceso de soldadura
requiere una temperatura de 300 °C, la cual estd por debajo del punto de fusion del
material. Una caracteristica adicional es que estos sistemas son mucho menos sensibles

que el aluminio al calentamiento rapido y a los ciclos de enfriamiento.

El material de aporte es una aleacién no téxica con buenas caracteristicas de adhesion y
fluidez. Es una aleacién de cobre, tin, niquel y fésforo con un contenido metalico entre

75 y 90% dependiendo de la posicidn y técnica de aplicacion.

El nuevo horno desarrollado por Seco/Warwick resalta algunas otras ventajas de los
procesos de CuproBraze. Es un disefio compacto de carga frontal y requiere un espacio
en el piso de 8 x 7 m., sin embargo, tiene un espacio de carga de trabajo de 1.2 x 1.2 x
0.4 metros, a lo largo de una larga camara de 1.5 x 1.5 x 0.6 metros. El calentamiento
consiste en sistema de alta presion, alta velocidad de recirculaciéon de aire en atmdsfera
controlada y requiere de 90 kW para generar un flujo 6ptimo de atmésfera de nitrégeno
a través del cual se obtiene la temperatura uniforme requerida para una optima

soldadura.
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El proceso completo es rapido. El purgado, calentamiento y ciclo de enfriamiento se
puede alcanzar en 20 minutos para un radiador sencillo de 16 kg o en 30 minutos para un

radiador doble de 32 kg [CuproBraze, 2005].

Durante el desarrollo del proceso de CuproBraze se busco alcanzar los siguientes

objetivos:

— Un radiador resistente.

— No utilizar flux.

— Un horno de atmésfera controlada.

— Soldadura en solo un proceso.

— Proceso amigable con el ambiente.

— Reciclable.

— Un proceso flexible.

— Eficiencia en costos.

Las aplicaciones donde puede ser usado el proceso son:

— Radiadores y enfriadores de aire para camiones, vehiculos todo terreno y

automoviles de pasajeros.
— Calefactores.
— Enfriadores de aceite.

— Condensadoras y evaporadoras.
2.12 Pegamento para aluminio

2.12.1 Caso Lotus

El aluminio es un material en el que la industria automotriz siempre ha estado
interesada. Por ejemplo la armadora de autos Lotus en Inglaterra ha utilizado aluminio

en sus chasises por muchos afios, pero los componentes de ninguno de estos han sido
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unidos por medio de soldadura. Todas las uniones se han hecho a través de tornillos y

adhesivos.

El primer vehiculo de Lotus con este sistema fue “Elise” en 1996. Al inicio de este
nuevo sistema, los lideres de Lotus estaban temerosos sobre la implementacién, después

de 23,000 vehiculos producidos sin reporte de fallas las dudas quedaron disipadas.

La principal razdn por la cual no se utiliz6 soldadura en la estructura es que el limite de
cedencia del aluminio disminuye a menos de la mitad con el calor. Lotus decidié utilizar
aluminio por su bajo peso, si utilizaran la opcién de soldadura seria necesario utilizar el

doble del material y se perderia la razén principal.

Otra desventaja de utilizar soldadura en aluminio es que la concentracion de esfuerzos se

localizara en un punto o a lo largo de una linea, lo cual puede crear fatiga en el material
[Kermit, Abril 2004].

2.12.2 Caso Panoz Auto Development Co.

Danny Panoz, presidente de Panoz, en conjunto con un grupo de ingenieros,
mecanicos y staff de soporte crearon el “Panoz Roadster”, un vehiculo retro. Es un Ford
modular V8 con chasis de aluminio unido por adhesivos y cubierto de una aleacién de
magnesio. Los componentes del chasis son de aluminio extruido y no se utiliza

soldadura para unirlos, solo adhesivos.

Los esfuerzos son mejor distribuidos a través del contacto entre los rieles y los nodos en

las esquinas, esto rigidiza al chasis y minimiza la flexion.

Panoz selecciond un methylmethacrylate base elaborado por Adhesive Engineering &
Supply Inc. (seabrook, NH). Trabajando en conjunto con Panoz esta compaiiia
desarrollo el “Extreme Adhesives 5375 HS”, con relacién 1 a 1 el adhesivo estrctural
paso todos los requerimientos de disefio para la certificacion federal del vehiculo:

impacto, vibracién y durabilidad.

El chasis se ensambla con la ayuda de una base de referencia muy precisa. Los

componentes de aluminio son basicamente rieles extruidos y nodos para las esquinas, los
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cuales se ensamblan entre si. Las partes son limpiadas y deben estar completamente

secas para ensamblarse en la base de referencia.

Los adhesivos son inyectados en cada una de las uniones a través de una serie de
pequefios agujeros en los rieles tubulares. Para mantener la alineacién y eliminar los
posibles movimientos durante el secado se coloca un tornillo en cada interseccién de

chasis.

Usando esta técnica de ensamble con adhesivos, Panoz alcanzé una rigidez torsional por
encima de 7,400 libras por grado de torsion. El chasis unido por adhesivos ha superado
la prueba de Ford de 150,000 millas de tortura sin cambio de rigidez por torsion o fallas

en los adhesivos.

El adhesivo 5375HS se solidifica en una habitacién de temperatura controlada durante
90 minutos, después de que el chasis basico es formado por los rieles una firewall y una
base son ensambladas, soldadas y fijas en el perimetro del chasis. Esto crea una
estructura rigida de la cual dependen los demas componentes del chasis. El ensamble
del firewall incorpora todos los puntos de montura para el windshield, las bolsas de aire,
sistemas de ventilacidon y calefaccion, dashboard, asientos y los demas modulos del

chasis.

Todos los puntos atornillados y remachados para la suspensién y ensamble frontal son
cargados con el adhesivo también, esto elimina el movimiento entre las partes que se
unieron. Finalmente el uso de adhesivos elimina la necesidad de cosmética por el uso de
soldadura [ Anénimo, 2005].

2.13 Dobladoras de tubo

Actualmente uno de los procesos en la elaboracion de los intercambiadores de
calor es el doblado de tubos (ver 2.1.2 y 2.1.3), el doblado que se realiza es un proceso

simple.

Existe una gran cantidad de fabricantes que ofrecen equipo para el doblado de tuberia. A

continuacién se mencionan algunos.
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2.13.1 Dobladora Burr Oak

En 1993 Burr Oak Tool and Gauge Company Inc. lanzé al mercado su linea
estandar de dobladoras universales de tuberia, estas maquinas son construidas para

satisfacer las necesidades del doblado de tuberia en formas complicadas.

La dobladora de tubo universal fue disefiada para altos niveles de produccién con
calidad en el doblado de tubos. Cuenta con un sistema automético de carga y descarga
de tuberia, este sistema puede alcanzar niveles de produccion de incluso 1,000 partes por

hora.

Este equipo utiliza las dltimas innovaciones en tecnologia de control para ofrecer altos
niveles de produccion, partes de alta calidad y flexibilidad a través de una simple

operacién y bajo mantenimiento [Burr Oak Tool and Gauge Company, Inc, 2005].

Fig. 2.15 Dobladora universal de tubo marca Burr Oak.
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3 ANALISIS DEL PROBLEMA

Como se explico en el capitulo anterior, la importancia del conocimiento del costo
real de los procesos de soldadura es fundamental para la administracion de los recursos y

para el costo real de los productos.

Determinar los costos de soldadura no es sencillo, la seleccion del método de costeo es

fundamental para evitar caer en error.

Para los calculos del costo de la soldadura en los equipos de aire acondicionado se
utilizara el costo por unidad por ser el mas exacto. Por otra parte, el calculo se dividira
en dos partes, la primera es la soldadura automatica, la cual se desarrolla solamente en el
intercambiador de calor y la segunda es la soldadura manual, la cual se desarrolla en el
intercambiador de calor en proporciones minimas y en el ensamble del circuito de

refrigeracion (intercambiador, compresor, etc).

A pesar de que los costos de los procesos de soldadura son trasladados al costo de la
unidad y en consecuencia al precio de venta, los problemas que provoca una soldadura

mal hecha pueden repercutir hasta el cliente final como se explico en el capitulo 1.

Los reclamos de garantias por soldaduras mal hechas es uno de los retos principales para
la industria en general, mensualmente se detiene el embarque del 2% de la produccion

mensual por problemas de fugas en soldadura.

3.1 Célculo de costo de soldadura automética

La soldadura automatica se desarrolla inicamente en el intercambiador de calor y
se realiza a través de una maquina automatizada. En el caso especifico de este tipo de
soldadura no es muy importante la cantidad de puntos de soldadura debido a que sin
importar el tamafio del intercambiador el equipo realiza en tan solo un movimiento la

soldadura de todo el intercambiador.

El tnico concepto que cambia es la cantidad de anillos de soldadura que se utilizan, sin
embargo, el costo de estos anillos no es muy representativo por lo que se tomara como

un costo estandar fijo.
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A continuacion se muestran los céalculos.

nomina de empleados
P * operadores soldadores
No. de operadores

$20,500.00 3
1,250
Costo indirecto = $49.90

Costo indirecto =

Costo indirecto =

costo de operacion  costo indirecto
Factor L& O = P +
hora hora

$76.50 + $49.90
hora hora
Factor L & O = $126.40

Factor L& O =

L&O _ Tiempo ciclo de soldadura Factor L& O
unidad unidad

L&O _ 28seg 1hr *$126.40

unidad  unidad 60 seg

L&O
unidad

=$59.00

Costo automdtica _L&O  costo materiales

unidad "~ unidad unidad
Costo automdtica = $59.00 +$25.00 + $2.00
unidad
Costo automadtica - $86.00
unidad

El costo de $86.00 incluye los siguientes conceptos:

— Operacion de equipo Brazer.

— Sueldo de tres operadores con categoria de soldadores.
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— Costo de insumos y energéticos.
— Costo de materiales como: anillos de soldadura.
— Costos indirectos como: soporte de empleados y proporcional de supervision.

— El tiempo ciclo de 28 segundos es por cada intercambiador de calor, sin importar su
tamafio (dentro de los modelos actuales).

La soldadura automatica es uno de los procesos criticos, a pesar de estar asistida por un
equipo automatizado es indispensable un seguimiento cercano, incluso uno de los tres
operadores revisa a detalle cada una de las uniones y en caso de aparecer algin detalle

que pudiese ocasionar una fuga es reparado por cualquiera de los tres.

3.2 Calculo de costo de soldadura manual

La soldadura manual se desarrolla en el intercambiador de calor y en la union de la

tuberia en el circuito con el resto de los componentes.

Como se menciono en el capitulo anterior, la soldadura en posicion vertical simplifica la
labor, en el caso de la soldadura en posicion horizontal se requiere desarrollar mas

técnica y pericia por parte del operador.

La soldadura horizontal tiene mayor probabilidad de error, lo cual se traduce en la

presencia de fugas y/o de utilizar material en exceso (desperdicio).

A continuacion se muestra el calculo de la soldadura manual, se calculara el costo de

solamente una soldadura.

nomina de empleados

Costo indirecto = * operadores soldadores

No. de operadores
$20,500.00 , ?
1,250
Costo indirecto = $32.80

Costo indirecto =

43




ANALISIS DEL PROBLEMA

costo de operacion N costo indirecto
hora hora
$51.00 N $32.80
hora hora
Factor L & O = $83.80

Factor L& O =

Factor L& O =

L&O _ Tiempo ciclo de soldadura , Factor L&O
unidad unidad

L&O _ 8seg , 1 hr *$83.80

unidad unidad 60 seg

L&O
unidad

=$11.17

Costo manual _ L& O | costo materiales

unidad " unidad unidad
Costo manual _ ¢11 17, §41.67+1
unidad
Costo manual - $53.84
unidad

El costo de $53.84 incluye los siguientes conceptos:

—> Sueldo de dos operadores con categoria de soldadores.

— Costo de insumos y energéticos.

— Costo de materiales como: varillas de soldadura.

—> Costos indirectos como: soporte de empleados y proporcional de supervision.

— El tiempo ciclo de 8 segundos es por cada unién de circuito, sin importar su tamafio

(dentro de los modelos actuales).

La soldadura manual es indispensable en el proceso para la unién del intercambiador de

calor y la tuberia, que en consecuencia se une con el compresor.

44



P TECNOLOGICO
%% DE MONTERREY. ANALISIS DEL. PROBLEMA
R s e

La diferencia sustancial entre la soldadura manual y la automatica s la complejidad de
la posicion de los puntos a soldar, por lo cual pensar en una posible automatizacion

resulta complejo y costoso.

3.3 Costo total por unidad

Para calcular el costo total de la soldadura por unidad sera necesario determinar
que tipo de unidad es la que se quiere costear, por ejemplo: una unidad de ventana
requiere de 2 soldaduras automaticas (evaporador y condensador) y 10 soldaduras
manuales, de las cuales, 6 se trabajan en el evaporador y condensador, 2 en €l compresor

y por ultimo 2 para cerrar los puntos de carga de refrigerante.

Para este caso seleccionaremos una unidad condensadora, la cual requiere de 1 soldadura

automatica y 8 soldaduras manuales.

Costo = Costo manual + Costo automdtica
unidad
Costo__ $86.00+$53.84
unidad
Costo
=$139.84
unidad 3

El costo de cada unidad producida por soldadura es de $139.84 por una unidad tipo
evaporador, en el caso de las unidades de ventana el costo de la soldadura se

incrementara sustancialmente debido a que el ensamble requiere dos intercambiadores
de calor.

El costo por soldadura de una unidad de ventana es de aproximadamente $279.68, es
decir el doble, esto se debe a que ambos intercambiadores de calor deben ser soldados
con soldadura automatica y se requiere el doble de puntos de soldadura en la tuberia para

unir ambos intercambiadores. Caso contrario en las unidades evaporadoras.
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3.4 Costo de garantias

Los costos de garantias y reclamos son probablemente los temas mas complicados
en las organizaciones, incluso en general es uno de los indicadores que mas se cuida y

revisa.

Para cualquier productor los gastos y costos que se generan cuando un cliente ejerce una
garantia son muy elevados e incluso puede llegar a ser superiores a la ganancia que se
obtuvo por la venta de ese articulo, sin mencionar el descontento y molestia del cliente

por la falla del producto.

En la industria del aire acondicionado la satisfaccion del cliente es un aspecto muy
delicado. La razén principal de adquirir un equipo de aire acondicionado es para crear un
ambiente y temperatura de confort en un area especifica. Si el producto no cubre las
expectativas del cliente por alguna falla en el equipo automaticamente el indicador de

confort baja y de igual forma la satisfaccion del cliente.

Los equipos de aire acondicionado son aparatos que son instalados en puntos
estratégicos que normalmente son de dificil acceso, ademas tienen un peso considerable
y en consecuencia su instalacion y desinstalacion es complicada. Por lo cual es dificil

que un cliente pueda regresarlo al punto de venta para ejercer la garantia.

El procedimiento normal es a través de un reporte telefonico del cliente al centro de
SErvicio, se procesa y se envia a técnicos calificados, quienes asisten al punto donde se

instald el equipo para revisar el funcionamiento y detectar la posible falla.

Basandose en la revision de los técnicos se determina si procede el reclamo de la
garantia. En caso de proceder el reclamo el técnico repone o repara los componentes
dafiados y a través de una nota de servicio reportan las refacciones y tiempo del técnico

invertido en el servicio.

Todo el proceso anteriormente descrito es muy costoso, las refacciones y horas de
trabajo de un técnico especializado en refrigeracion son recursos que se estan invirtiendo

por la baja calidad en los productos.
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La figura 3.1 presenta un grafico que muestra en miles de ddlares los gastos por
garantias en cada una de las familias de productos, asi como el total de estos durante el
afio 2004.

COSTO DE GARANTIAS EN 2004

2,196

MILES DE USD

722

378
305

208

158
116 125
77 75
N I - - . . -
AXA GCDU WRAC COOLERS  ACOIL NCOIL IcP PTAC GRAC  FANCOIL  CDUS TOTAL
LINEA DE PRODUCTO

Fig. 3.1 Miles de dolares gastados por garantias.

Como se puede observar, en el 2004 los costos de garantias llegaron a los 2.2 millones
de doélares, esta cifra impacta directamente a los rendimientos de la compafiia y en

consecuencia a la utilidad de se genera para los inversionistas.

Los costos de garantia anteriormente presentados se deben a fugas de refrigerante en el
circuito de refrigeracion. La causa principal de las fugas es sin duda la soldadura de baja

calidad, son muy pocos los casos que ocurren por falla en el cuerpo de la tuberia.
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3.5 Problemas con soldadura

El uso de soldadura en los procesos de unién de tuberia de cobre en los
intercambiadores de calor y circuitos de refrigeracion es el método actual y vigente. En
general todas las unidades de aire acondicionado de cualquier fabricante utilizan este

proceso productivo.

La soldadura por definicion es un proceso que satisface ampliamente los requerimientos
de resistencia y hermeticidad que se requiere en los equipos mencionados, sin embargo,
en la practica en las uniones que utilizan soldadura es posible que se cometan errores y

la unién por soldadura quede defectuosa.

Independientemente de los problemas de bajo desempefio por la pérdida de refrigerante
en las uniones no herméticas pueden causar otro tipo de problemas. Por la falta de
hermeticidad (grieta o poro) y la presion de operacion del equipo de aire acondicionado
existe la posibilidad de una pequefia explosion en la que es probable sean lanzadas

partes de la tuberia y soldadura.

La exposicion al ambiente del refrigerante R-22 contamina el medio, especificamente el
refrigerante ataca la capa de ozono, lo cual a largo plazo tiene repercusiones

trascendentes como la penetracion de los rayos UV, el calentamiento global, etc.

El consumo energético en los procesos de soldadura es otro factor importante, el uso de
una antorcha para lograr el calentamiento de las piezas y la fundicion del material de
aporte requiere de la combustion de gas natural y oxigeno, ademds del barrido con

atmosfera inerte que se genera con nitrégeno.

3.6 Anilisis de patentes

Los analisis de patentes son muy variados y pueden ser ttiles para conocer

diferentes aspectos de la inventiva en el 4mbito mundial.

En este caso se desarrollara un analisis de patentes sobre intercambiadores de calor, que

buscara cumplir los siguientes objetivos:
— Busqueda de las innovaciones mas recientes.

e — ]
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— Linea de pensamiento de inventiva.

— Punto del ciclo de vida del producto en la que se encuentra.

—> Nivel de inventiva de los ultimos 15 afios.

— Punto en el ciclo de rentabilidad.

El conocimiento de las innovaciones mas recientes, apoya la busqueda de soluciones a la

problematica expuesta. Es probable que otra investigacion a través de una patente

solucione parcial o totalmente el problema.

Para ejemplificar la diversidad de patentes sobre intercambiadores de calor, la tabla 5

muestra patentes que refieren desde métodos de manufactura hasta nuevos disefios de

intercambiadores de calor.

No. PATENTE

Tabla 5. Ejemplos de patentes de intercambiadores de calor .

FECHA

TITULO

DESCRIPCION

5853507 29.Dic-93 Method for manufacturing heat exchangers to allow uniform  |Método de tratamineto térmico del tubo de cobre para facilitar
T expansion of tubing el proceso de expansion.
. . - Proceso de expansion mediante el uso de un fluido a presion
5,765,284 16-Jun-98 Method. for constructing heat exchangers using fluidic dentro de la tuberia de cobre que sobre pase el limite de
expansion : ]
cedencia del material.
6,551,421 22-Abr-03 :;xl:ggf:‘:lsperforms and their use in the manufacture of heat Metodologia de ensamble de un intercambiador de calor.
6,546,774 | 15-Abr-03 [Method of making a lanced and offset fin dM:g’a‘I’grpa’a ensamblar aluminio y tubos en un intercambiador
6,488,080 03-Dic-02 Refrigerator evaporator and method of manufacturing the |Disefio de un intercambiador de calor y su proceso de
i same manufactura a través de la inyeccién de plasticos.
6,484,398 26-Nov-02 [Heat exchanger tube manufacturing method ra?g:do para manufacturar tubos para intercambiadores de
Aluminum alloy strip or tube for the manufacture of brazed Disefio de tuberia de aleacién de aluminio, su proceso de
6,451,453 17-Sep-02 heat exchangers soldadura y de manufactura.
. . . . Proceso de recubrimiento con un film plastico a un
5,992,508 | 30-Nov-99 |Thin plastic-film heat exchanger for absorption chillers intercambiador de calor para una unidad de absorcion.
. Manufactura de intercambiador de calor con aleacion de
5,771,962 30-Jun-98 |Manufacture of heat exchanger assembly by cab brazing aluminio y un flux especial.
. . . Proceso de fabricacién de intercambiador de calor plastico
6,660,198 09-Dic-03 |Process for making a plastic counterflow heat exchanger ue utiiza adhesivos para sellar uniones.
6,620,274 | 16-Sep-03 [Method of repairing aluminum heat exchanger gaslgrd:ea;:;silr\nliz para reparar orificios en intercambladores de
Antifouling system for structure exposed to seawater and |Uso de adhesivo para unir componentes de
6,579,429 17-Jun-03 N
heat exchanger intercambiadores de calor.
6.527.006 | 04-Mar-03 Elastomer adhesive for condensing furnace heat exchanger |Aplicacién de recubrimiento de silicon RTV para prevenir
e laminate material corrosién en un intercambiador de calor.
Heat exchanger having tube joined to core plate and method |Aplicacién de recubrimiento en un intercambiador de calor
6,427,769 06-Ago-02 of manufacturing the same ra sellar uniones.
6.082.430 04-Jul-00 Heat exchanger assembled without brazing in which adhesive |Aplicacién de adhesivos para sellar uniones mecanicas en un
e is used to seal a combined portion and a core plate intercambiador de calor.
4,196,923 | 08-Abr-80 [Adhesive bonding of aluminum coils Unién de partes de aluminio en un intercambiador de
calor con adhesivos.
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La linea de pensamiento que se sigue a través de las patentes permite conocer la
estructura de las ideas y conceptos que se ponen en practica para mejorar €l producto y

disminuir los efectos negativos.

Por otra parte, la posicion del producto a lo largo de la curva del ciclo de vida nos ayuda
a interpretar el grado de madurez, asi como las acciones que pueden tomarse para

desarrollarlo al maximo.

En la Fig. 3.2 se muestra la cantidad de patentes publicadas sobre intercambiadores de

calor desde sus inicios en1900 a la fecha.

En el grafico se puede observar que entre 1960 y 1975 se generaron la mayor cantidad
de patentes sobre intercambiadores de calor. Para 1980 el nimero de invensiones bajo

drasticamente, volviendo a repuntar en los 90°s y finalmente volver a descender.

PATENTES DE INTERCAMBIADORES DE CALOR

40

35

30 1

CANTIDAD DE PATENTES
n )
S &

-
[$]

1900 1920 1940 1960 1980 2000 2020
ANO

Fig. 3.2 Patentes sobre intercambiadores de calor.
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Los beneficios econémicos que puede redituar la creacion de un nuevo producto o bien
el redisefio del mismo es otro factor que debe ser medido. La rentabilidad de una patente
es uno de los indicadores a través de cual es posible que los generadores de ideas pueden

medir la trascendencia de sus desarrollos.

La medicién de la rentabilidad es dificil, para este analisis se partié del siguiente

supuesto:

“La rentabilidad de las patentes de intercambiadores de calor puede relacionarse con la
cantidad de patentes que utiliza intercambiadores de calor, es decir, todo producto
patentado que contenga un intercambiador de calor sera contabilizado en Ila

rentabilidad”.

La razén por la cual se planteo el anélisis de rentabilidad bajo este supuesto es que los
intercambiadores de calor no son productos que son adquiridos por el consumidor final,

es decir, son sub ensambles de otros productos que ofreceran un servicio integral.

En el caso de la industria del aire acondicionado el intercambiador es una de las partes
principales del producto y es indispensable para el funcionamiento, pero el producto que

se ofrece es un equipo de aire acondicionado no un intercambiador de calor.

En el caso de la industria automotriz se utilizan intercambiadores de calor para el
sistema de aire acondicionado y para el sistema de enfriamiento del motor. En ambos
casos los intercambiadores de calor son indispensables, pero son solo una pequefia parte

de un vehiculo auto motor.

Los beneficios del redisefio o mejora de un sub ensamble o componente de un producto
final se veran reflejados en la mejora de una a varias caracteristicas, pero continua

siendo dificil contabilizar el beneficio econdmico obtenido.

Por las razones expuestas es dificil contabilizar la rentabilidad econémica que aporta una

invencion que solo es un componente de un producto final.
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RENTABILIDAD DE PATENTES DE INTERCAMBIADORES DE CALOR EN AIRE ACONDICIONADO

120
w :
o
g .
. 100 A
2
&
w
=
Z
w 80 1
[=]
]
=
z
g
Zs
z
o<d 601
% ]
3
5
w
3
40 A
]
£
w
=
w
o
9 20
o
3
<
(&)
0i—eo—S o ® o o . , . .
1900 1920 1940 1960 1980 2000 2020

ARO

Fig. 3.3 Rentabilidad de patentes de intercambiadores de calor.

En la Fig. 3.3 se puede observar como en la década de los 80's la rentabilidad
(utilizacién de las patentes) incremento una tendencia ascendente, a pesar que el ultimo
punto del grafico se encuentra por debajo del anterior es dificil determinar si la curva

continuara en ascenso o comenzara su descenso..

En caso que la curva inicie su descenso, es posible inferir que el descenso en el uso de
patentes que utilizan intercambiadores de calor puede obedecer diferentes razones o

circunstancias, como:
— Paso la etapa de madurez y comienza el descenso en sus rendimientos.

— Agotamiento del proceso de mejora y se requiere un nuevo disefio.
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— En general la produccion de intercambiadores de calor para equipos de aire
acondicionado llegé a un nivel de conocimiento general, es decir, los fabricantes

utilizan materiales y técnicas similares para su produccion.

El nivel de inventiva que se emplea en el desarrollo de los productos es un parametro
muy importante, cada vez que un producto es innovado sustancialmente su curva de

ciclo de vida reinicia y es de este modo que los productos permanecen en servicio.

En el grafico 3.4 se ilustran los diferentes niveles de inventiva de las patentes a través

del tiempo.

NIVEL DE INVENTIVA DE PATENTES DE INTERCAMBIADORES DE CALOR

NIVEL DE INVENTIVA
w

1900 1920 1940 1960 1980 2000 2020
ARO

Fig. 3.4 Curva de inventiva en intercambiadores de calor.

El anélisis de patentes de intercambiadores de calor se realizé bajo los siguientes limites

Y supuestos:

53




ANALISIS DEL PROBLEMA

e Las patentes analizadas son de intercambiadores de calor con aplicacién en la
industria del aire acondicionado.
e Las patentes con nivel de innovacién 4 y 5 se muestran en la tabla 6.

Tabla 6. Patentes de alto nivel de innovacion en intercambiadores de calor.

No. PATENTE

FECHA

TITULO

DESCRIPCION

1 6,527,906

04-Mar-03

Elastomer adhesive for condensing furnace heat exchanger
laminate material

Aplicacion de una capa de silicon RTV en un intercambiador
de calor para prevenir la corrosion, la capa de silicon incluye
un adhesivo organico-silicon que reacciona con agua para
ladherirse.

Proceso para recubrimiento de intercambiadores de cobre en

laminate material

9 6,427,769

06-Ago-02

2 5,582,024 10-Dic-96 |Copper article with protective coating SBIORtES MANoS:
E Refrigerator evaporator and method of manufacturing the Disefio de un intercambiador de calor y su proceso de
& 6,488,050 0FDic-02 same manufactura a través de la inyeccion de plasticos.
i . i . Proceso de recubrimiento con un film plastico a un
4 5,992,508 30-Nov-99 |Thin plastic-film heat exchanger for absorption chillers B ambIAor da calon Pars kA tinidad de S hSorelh:
5 6,660,198 09-Dic-03 |Process for making a plastic counterflow heat exchanger Proce§9 do fabn(;acnén de lntercarqblador de calor plastico
que utiliza adhesivos para sellar uniones.
6 6,620,274 16-Sep-03 |Method of repairing aluminum heat exchanger Usoide adhesll\{o parsispasionficics emintemambiadoresid
calor de aluminio.
7 6,579,429 17-Jun-03 Antifouling system for structure exposed to seawater and heat |Uso de adhesivo para unir componentes de intercambiadores
exchanger de calor.
8 6,527,906 04-Mar-03 Elastomer adhesive for condensing furnace heat exchanger  |Aplicacion de recubrimiento de silicon RTV para prevenir

corrosion en un intercambiador de calor.

Heat exchanger having tube joined to core plate and method
of manufacturing the same

Aplicacion de recubrimiento en un intercambiador de calor
ara sellar uniones.

10 6,082,439

04-Jul-00

Heat exchanger assembled without brazing in which adhesive
is used to seal a combined portion and a core plate

Aplicacion de adhesivos para sellar uniones mecanicas en un
intercambiador de calor.

i e 4,196,923

08-Abr-80

Adhesive bonding of aluminum coils

Unién de partes de aluminio en un intercambiador de calor
con adhesivos.

Un anélisis adicional a las patentes es hacer un rastreo de su uso, es decir, cuantas otras

patentes las han utilizado como referencia.

Para las patentes 6527906, 6488080, 6660198, 6620274, 6579429, 6527906 y 6427769
no se encontraron patentes referenciadas a estas. Probablemente estos trabajos no han

despertado interés de otro investigador por continuarlos.

La patente 5582024 que trata de un recubrimiento en intercambiadores de calor para

evitar corrosion en ambientes marinos fue referenciada en las patentes de la Fig. 3.5.

o

JPY1 SQ326—A, US5806337-A; US5864103-A; .. 1997-375875

HITACHI LTD (HITA) MABUCH] K(MABU Indmdual) MIDORIKAW.&H (MIDO-!ndeual) etal
ITO M, AIZAWA M, MABUCHI K, et al.

23 EP753709-A, EP753709-A2 JP9026280-A

1997-079481

SANYO ELECT'RIC CO LTD (SAOL) SANYO DENKI KK (SAOL)
ISHIKAWA A, KOBAYASHI M, AKUTSU M, et al.

Fig. 3.5 Patentes que hacen referencia a patente 5582024.
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La patente 5992508 que trata un proceso de recubrimiento con un film pléstico a un
intercambiador de calor para una unidad de absorcién fue referenciada en otras dos

patentes, las cuales se muestran en la Fig. 3.6.

1. 7 US2003029678-A1; USE810889-B2 2003-353688

Rassages
OTTER J W (OTTE-Individual); CARRIER CORP (CARG)
OTTER J W

2. ™ W09949267-A WO949267-A1; AUISE5170-A; ... 1999-572294
Cooling apparatus for cooling air
NAGAOKA M (NAGA-Individual); ARTHA CO LTD (ARTH-Non-standard); ALUTA KK (ALUT-Non-standard), et al.
NAGAOKA M, MORITOSHI N

Fig. 3.6 Patentes que hacen referencia a patente 5992508

La patente 6082439 que trata de la aplicacion de adhesivos para sellar uniones
mecanicas en un intercambiador de calor se utilizé como referencia en solo una patente.

La patente se muestra en la Fig. 3.6.

1. 7 US2002162648-A1; U86719037 B2 2003-209262

excha n¥e
TR.&NSPRO INC (I'RAN-Non-standard)
CROOKRF

Fig. 3.7 Patentes que hacen referencia a patente 6082439

La patente 2002162648 presenta un principio similar al de la patente 6082439, es decir,

la utilizacién de una sustancia que trabaja como sellador sobre una superficie.

1. [T EP1178252-A, EP1178252-A2; DE10038153-A1; ... 2002-189731
Connector for corrugated metal pipes is manufactured without separate sle and interconnecting ends of ipes are fitted on sm indrical
i nd wi i i

WITZENMANN GMBH (WITZ-Non-standard); WITZENMANN GMBH METALLSCHLAUCH-FAB PFORZ (WITZ-Non-standard)
RIETH R, MUELLER A, THUERINGER N, et al.

2.7 EP1077087-4 DE10014836-A1; EP1077087-AT;. 2001-148028
; ]
KHD HUMBOLDT WEDAG AG (KLOH)
RAMESOHL H

sl USE141870—A 2001 059?50

formi 3 in dielectric coating to form ci
TRZYNA P K (TRZY-Individual)
MCDERMOTT B J, SPOTTS R L, TRYZBIAK S, et al.

' WOQNTBDS—A EP843794-A, WOS747908-A1; . 1898-052429
ioint for fluid unde L

r elaste
HUTCHINSON (HUTC), HUTCH!NSON SA (HUTC) HUTCHINSON 00 (HUTC)
GODEAU D, EXANDIER P

5. [T EP819351-A; EP619351-A1; CHB85346-A5; ... 1994-311793

Bonding metal parts using heat-curable adhesive - involves IR irradiating roughened exterior metal surface
ALUSUISSE-LONZA SERVICES AG (SWAL); ALUSUISSE-LONZA SERVICES LTD (SWAL); ALUSUISSE TECHNOLOGY & MANAGEMENT AG {(SWAL)
TIMM J, FURRER P

Fig. 3.8 Patentes que hacen referencia a patente 4196923

35



ANALISIS DEL PROBLEMA

Una de las patentes que més apoya a este trabajo es la patente 4196923 que trata la unién
de partes de aluminio en un intercambiador de calor con adhesivos. La Fig. 3.8 muestra

las patentes que la utilizaron como referencia.

A pesar que la patente 4196923 fue publicada en 1980 son pocas las patentes que
posteriormente hacen referencia a este trabajo (solo 4). Una posible explicacién es que
en su tiempo de publicacidn tecnolégicamente hablando no era rentable o de dificil

produccidn en serie.

Las patentes de la Fig. 3.8 en su mayoria pueden ser utilizadas como referencia para este

trabajo. En el anexo 1 se incluyen copia de las patentes.

3.7 Analisis con TRIZ

TRIZ es una herramienta basica en los procesos de inventiva y mejora de productos,
su uso facilita al investigador el proceso de generacidn de ideas y resolucién de

contradicciones.

Hoy en dia es posible utilizar TRIZ por medio de la asistencia de algun software

comercial, para el andlisis presentado en este trabajo se utilizé6 IWB.
Los elementos que intervienen en el modelo planteado son:

— Tuberia de cobre.- la tuberia de cobre es la parte interior del intercambiador de calor,
que en este caso por tratarse de un intercambiador de aire acondicionado la tuberia
de cobre se encarga de transportar el refrigerante. La tuberia de cobre incluye los

accesorios que se utilizan para cerrar el circuito.

— Aletas de aluminio.- las aletas de aluminio son los difusores de donde se inserta la

tuberia de cobre.

— Proceso de expansidn.- posterior a la unién de tuberia de cobre y aletas de aluminio

se lleva a cabo este proceso y se forma un solo elemento.

— Soldadura.- la soldadura es el proceso necesario para cerrar el serpentin interior del

intercambiador formado por tuberia de cobre.
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— Fuga.- fuga es el resultado negativo de soldadura y proceso de expansién. Si el
proceso de expansion no se realiza correctamente es posible que dafic tuberia de
cobre y si la soldadura no se realiza correctamente quedan poros en las uniones

provocando la fuga.

— Perdida de refrigerante.- es el resultado igualmente negativo de fuga. La pérdida de
refrigerante generard un resultado negativo en intercambio de calor, es decir, a

menor cantidad de refrigerante baja el nivel de eficiencia de intercambio de calor.
— Intercambio de calor.- es el resultado buscado, entre mayor eficiencia es mejor.

La Fig. 3.5 muestra el modelo los elementos anteriormente descritos en €l modelo de
TRIZ.

A través del modelo el software recibe informacién de la problematica y en
consecuencia puede comenzar a generar preguntas de contradicciones que ayudan al

investigador en el proceso creativo.

Tuberia de cobre |

Proceso de
expansion

Soldadura

Perdida de
refrigerante

Intsrcambio de
calor

Fig. 3.9 Modelo en TRIZ.

Las preguntas que se generaron para este modelo especifico son:
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1. Find an alternative way to obtain [the] (Intercambio de calor), that does not require
[the] (Soldadura) and (Proceso de expansion), under condition of [the] (Perdida de

refrigerante).
2. Find a way to enhance [the] (Intercambio de calor).

3. Find a way to protect [the] (Intercambio de calor) from the harmful influence of
[the] (Perdida de refrigerante).

4. Find an alternative way to obtain [the] (aletas de aluminio), that provides or

enhances [the] (Proceso de expansion).
5. Find a way to enhance [the] (aletas de aluminio).

6. Find a way to do without [the] (aletas de aluminio) for obtaining [the] (Proceso de
expansion).

7. Find an alternative way to obtain [the] (Tuberia de cobre), that provides or
enhances [the] (Proceso de expansion).

8. Find a way to enhance [the] (Tuberia de cobre).

9. Find a way to do without [the] (Tuberia de cobre) for obtaining [the] (Proceso de
expansion).

10. Find an alternative way to obtain [the] (Proceso de expansion), that provides or
enhances [the] (Intercambio de calor), but does not cause [the] (Fuga), and does not

require [the] (Tuberia de cobre) and (aletas de aluminio).
11. Find a way to enhance [the] (Proceso de expansion,).

12. Find a way to resolve the contradiction: [the] (Proceso de expansion) should exist to

obtain [the] (Intercambio de calor), and should not exist in order to avoid [the]
(Fuga).
13. Find a way to do without [the] (Proceso de expansion) for obtaining [the]

(Intercambio de calor).

14. Find an alternative way to obtain [the] (Soldadura), that provides or enhances [the]
(Intercambio de calor), and does not cause [the] (Fuga).
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15. Find a way to enhance [the] (Soldadura).

16. Find a way to resolve the contradiction: [the] (Soldadura) should exist to obtain
[the] (Intercambio de calor), and should not exist in order to avoid [the] (Fuga).

17. Find a way to do without [the] (Soldadura) for obtaining [the] (Intercambio de

calor).

18. Find a way to eliminate, reduce or prevent [the] (Fuga), under the condition of [the]

(Proceso de expansion) and (Soldadura).

19. Find a way to eliminate, reduce or prevent [the] (Perdida de refrigerante), under the
condition of [the] (Fuga).

Para este modelo el resultado son 19 preguntas, la cantidad de preguntas varia
dependiendo de cada modelo con las variables lazos y elementos. Entre mas lazos y

elementos se tengan se generaran mas preguntas.

Las preguntas en color azul (3 y 18) son preguntas que han sido resueltas a través de la

adquisicion de equipo de deteccion de fugas.

Las preguntas en color rojo (1, 10, 13, 16 y 17) son las preguntas seleccionadas que

generan ideas de posible solucion.

Las preguntas de contradicciones ayudan de alguna manera a despertar la creatividad del
investigador, asi como a buscar caminos diferentes probablemente no explorados. Las
preguntas ayudan a la generacién de direcciones de inventiva, los cuales se basan en los

principios de inventiva.
Los principios de inventiva aplicables son:

— Cushion.- crear un respaldo del sistema principal para que en caso de falla éste entre

en sustitucion. Ejemplo: paracaidas de reserva.

— Homogeneous.- objetos que interactuan entre si, deben hacerse del mismo material o
de propiedades similares. Ejemplo: fabrica un contenedor del mismo material que va

a contener para evitar reacciones quimicas.
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—> Mechanics Substitution.- reemplazar una fuerza, mecanismo o elemento bajo otro
principio diferente de funcionamiento pero que ofrezca un resultado esperado.

Ejemplo: cambiar una barrera fisica para un perro por una barrera acustica.

Los tres principios de inventiva anteriormente descritos pueden ser utilizados como base

en la generacion de ideas de inventiva que ayuden a solucionar el problema planteado.

En general el proceso de TRIZ es una herramienta que ayuda a la comprension completa
del problema y una manera simple de desmembrarlo para que se facilite el proceso de

generacién de ideas.

En el capitulo siguiente serdn discutidas las propuestas de solucion resultantes del

presente analisis.
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4 RESULTADOS Y PROPUESTAS

En general cada proceso de fabricacion tiene métodos alternativos. Los productos de
caracteristicas similares se fabrican bajo uno de estos métodos, normalmente aquel que

sea mas eficiente.

Cada proceso de fabricacion presenta ventajas sobre los demas y siempre se buscara
optimizar alguna metodologia que a la larga se convierta en mejores practicas para el

resto de la industria.

A pesar de alcanzar las mejores practicas de un proceso de produccion es importante no
perder la brjula y continuar la busqueda de procesos alternativos. La busqueda de
procesos alternativos puede basarse a partir del conocimiento propio o a través de la

integracion de desarrollos alcanzados para otros productos o industrias.

Hoy en dia, el mundo estd integrado a través de los medios electronicos de
comunicacion y no resulta dificil conocer los trabajos de investigacion que se realicen en

cualquier parte del mundo.

4.1 Resultados del analisis de patentes

Los resultados del analisis de patentes se concentran en los tres graficos
presentados, cada uno nos ofrece informacion sobre el estado actual y posible futuro de

los intercambiadores de calor.

La Fig. 3.2 muestra la dispersion de la cantidad de patentes por afio que se generaron por
intercambiadores de calor para sistemas de aire acondicionado, la linea curva

sobrepuesta en el grafico muestra una interpretacion de la tendencia de los datos.

La cantidad de invensiones de cualquier producto obedece patrones preestablecidos,
dicho patron puede observarse en la parte inferior izquierda de la Fig. 3.2, es importante
aclarar que el patron de referencia representa el ciclo completo, es decir, desde su

primera invencién hasta el fin del producto.
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La curva obtenida puede ser empatada con la curva patrén mostrada, lo que significaria

la madurez de los intercambiadores de calor como producto.

En la Fig. 3.3 es posible observar un crecimiento en la década de los 80’s en la
utilizacion de intercambiadores de calor en patentes al final del grafico se observa un

punto por debajo, ;sera el inicio del descenso?.

Comparando el patrén de comportamiento, es posible inferir la posibilidad que la curva

obtenida empata con la curva patron.

En la curva mostrada en la Fig. 3.4 despliega los niveles de inventiva en los
intercambiadores de calor, tratando de comparar la curva obtenida con el patron de

referencia.

Algunas otras referencias que pueden ayudar en la obtencion de conclusiones son que
hoy en dia la mayoria de los productores de aire acondicionado hacen, producen o
utilizan intercambiadores de calor similares, es decir, mismos materiales y mismos

procesos de fabricacion.

Por los datos presentados es posible inferir como conclusion general del analisis de
patentes que el intercambiador de calor como producto en las unidades de aire
acondicionado tiene un grado de madurez avanzado y resulta necesario que se presenten
propuestas de innovacién que permitan colocar el producto en nuevas curvas de vida de

producto.

Con respecto a la revision de referenciacion de patentes es posible concluir que las ideas
respecto a la utilizaciéon de adhesivos, recubrimientos y nuevas metodologias de
fabricacion de intercambiadores de calor no han sido exploradas, son muy pocas la

patentes que hacen referencia a estos trabajos.

En comparativa a las patentes que utilizan brazing en intercambiadores de calor, la

patente 5605191 trata del método de ensamble y brazing de un intercambiador de calor.

En la Fig. 4.1 muestra las patentes relacionadas con la patente 5605191,
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US2IJI3400391 8 A1, USBE75883-B1; EP1380806-A2; . 2004-061733
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KEUSTER R M D (KEUS-Individual); MODINE MFG CO (MODI); PANDIT N (PAND-Individual), et al.
KEUSTER R M D, PANDIT N, LIGHTNER D S, et al.

EP1371926-A; EP1371926-A1; DE10226753-A1 2004-055277

Heat exchanger for a vehicle comprises plate-like flow channel elements having flow channels running parallel to each other and partially paraliel fo

the Iongitudinal axis ofthe flow channel element, and a liquid vessel

BEHR GMBH & CO (BHRT)

HEUSS H, LOESCH B, ZEEB J
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VALEO CLIMATISATION SA (VALO), VALEO CLIMATISATION (VALO), MOREAU & (MORE-Individual)
MOREAU 8

WO200053358-4A; W0200053353 Al AU200033650—A. 2000-611415

TRANSPRO INC (rRAN-Non-standard)
LAMBERT M, JUGER J 8§

EP864218-A; EP964218-A2, DE19825561-A1; ... 2000-025915|

Heat exchanger assembly for use in a vehicle |
VALEO KLIMATECHNIK GMBH (VALO); YALEO KLIMATECHNIK GMBH & CO KG (VALO); VALEO AIR CONDITIONING TECH AG (VALO) |
HAUSSMANN R |

DE1 9819247-A1; BR9901334-A; USE3021 96-B1;. 2000-000364
rfair heat ex

VALEO K]..IMATECHNlK GMBH & CO KG (VALO) VALEOQ NR COND!TIONING TECH AG (VALO)
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FR2771483-A; DE18752139-A1, FR2771483-A1; ... 1899-371895/
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DEMUTH W, HAFENBRAK P, KOHL M, et al.

EP930477 A, U85875837- A. EP930477-A2; . 1998-189278

MODINE MFG 00 (MODI)
HUGHES G G

W09850749-A, DE1871 9259-A. EPQZQ?S‘-A, 1 993—59598&
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VALEO KLIMATECHNIK GMBH & CO KG (VALO)
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Fig. 4.1 Patentes relacionadas

En el Anexo 1 se muestran las patentes de mayor inventiva.

4.2

Resultados de analisis con TRIZ

TRIZ ofrece soluciones completas de inventiva que va desde el planteamiento del

problema hasta sugerencias de solucion a través de los principios de inventiva.

Para el analisis presentado en el capitulo se propone el uso de tres de los cuarenta

principios de inventiva.
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4.2.1 Cushion
“Crear un respaldo que sustituya el sistema principal en caso de falla”.

Basicamente el principio sugiere la utilizacion de una segunda opcién en caso de falla o

ausencia del principal.

En el caso de las fugas en los intercambiadores de calor se propone que en los puntos
donde se aplica soldadura se utilice un respaldo, el cual intervenga en lugar de la

soldadura en caso de fuga.
Las propuestas son:

— Utilizar como respaldo de la soldadura un adhesivo industrial, que funcione como un
segundo sellador. Hoy en dia existen patentes sobre adhesivos que se utilizan para

sellado de uniones en intercambiadores de calor, como las siguientes:

Proceso de fabricacion de intercambiador de calor pléstico
que utiliza adhesivos para sellar uniones.

Uso de adhesivo para reparar orificios en intercambiadores de
calor de aluminio.

6,660,198 | 09-Dic-03 | Proceso |Process for making a plastic counterflow heat exchanger

6,620,274 | 16-Sep-03 | Proceso |Method of repairing aluminum heat exchanger

Heat exchanger assembled without brazing in which adhesive |Aplicacion de adhesivos para sellar uniones mecanicas en un

6,062,439 04-Juk-00 | Proceso is used to seal a combined portion and a core plate intercambiador de calor.

La propuesta consiste en la utilizacién de un adhesivo marca Loctite 680, el cual fue

disefiado para unir metales.

Colocar el adhesivo después de haber realizado el proceso de brazing, este trabajaria
como respaldo de la soldadura en caso de encontrarse débil o con algun defecto que

pudiera surgir en el futuro inmediato.

Otra posibilidad es utilizarlo solo en aquellas soldaduras que sean reparadas o que se
detecten con posibilidad de fuga. Incluso utilizar el adhesivo en la reparacién de fugas

por garantias.

En el Anexo 2 se puede observar las caracteristicas del adhesivo Loctite 680.
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Punto de
aplicacion de
adhesivo

Fig. 4.2 Aplicacion de adhesivo como respaldo en la union de tuberia de cobre.

— Utilizar un recubrimiento sobre la superficie del intercambiador de calor que

respalde las uniones soldadas. Algunas patentes que ya proponen esta solucion se

muestran a continuacion:

6.527.906 04-Mar-03 Elastomer adhesive for condensing furnace heat exchanger |Aplicacion de recubrimiento de silicon RTV para prevenir
e laminate material cofrosioén en un intercambiador de calor.
g Heat exchanger having tube joined to core plate and method |Aplicacién de recubrimiento en un intercambiador de calor
6,427,769 | 06-Ago-02 | Proceso of manufacturing the same para sellar uniones.

Otros beneficios que se puede obtener de este concepto es que el recubrimiento puede

ayudar a evitar la corrosién sobre los elementos del intercambiador de calor.

4.2.2 Mechanics Substitution

“Reemplazo de una fuerza, mecanismo o elemento, bajo otro principio diferente

de funcionamiento pero ofrezca un resultado esperado”
— Uso de adhesivo en lugar de soldadura.

Hoy en dia el uso de los adhesivos es mas frecuente para todo tipo de aplicaciones en las

cuales ¢l adhesivo se somete a prucbas dificiles y este las supera con €xito. Sin embargo,
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no existen a la fecha adhesivos probados que ofrezcan la resistencia suficiente para

soportar las condiciones mecanicas y térmicas a las que se someten las uniones soldadas.

4.2.3 Homogeneous

“Objetos que interactuan entre si, hacerlo del mismo material o de propiedades

similares”™

El principio de inventiva sugiere que se evite la problematica de compatibilidad de

materiales, asi como las uniones entre materiales.
Las propuestas son:
— Intercambiador de calor del mismo material.

Esta propuesta involucra fabricar un intercambiador de calor de un solo material a través

de un proceso de inyeccion de plasticos. La propuesta parte de la siguiente patente:

Refrigerator evaporator and method of manufacturing the Disefio de un intercambiador de calor y su proceso de
same manufactura a través de la inyeccion de plasticos.

03-Dic-02 | Proceso

—> Intercambiador de calor del mismo material y en un solo proceso.

El proceso CuproBraze (descrito en el capitulo III) es el ejemplo perfecto de esta

propuesta.

Todos los componentes del intercambiador de calor se fabrican del mismo material, es
ensamblado bajo un proceso muy similar al descrito en el capitulo II pero con la variante
de que la unién de los componentes se hace mediante un proceso de horneado en el cual
los componentes se llevan a temperatura de fundicién para que suelden entre si.
Actualmente se fabrican intercambiadores de calor para la industria automotriz en cobre

mediante este proceso.
— Serpentin interior (tuberia) del intercambiador de calor de una sola pieza.

La propuesta de fabricar el serpentin interior de una sola pieza es muy simple y se

enfoca principalmente al método de fabricacion y manufactura.
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La nueva propuesta, como se menciono anteriormente, busca disminuir la cantidad de

uniones soldadas y de simplificar el proceso de fabricacion.
Los pasos de fabricacion del método propuesto son:

—> Fin press.- fabricacion de aletas de aluminio con modificaciones respecto a las
actuales.

—> Hairpin.- la tuberia de cobre no se doblara en un solo paso, a través de una dobladora
de tubo universal (ver sub tema 4.4 Dobladoras de tubo) se pretende doblar de una
sola pieza el circuito completo de tuberia de cobre. En la siguiente figura se muestra
un circuito de tuberia de cobre hecha de una sola pieza, la cual no requiere puntos de

soldadura.

lnJ

000 CO0QCQOQ0OO0OO
CoOQCOCOCCQOQOOO0COC

CLOCRAC2CICD

Fig. 4.3 Circuito para intercambiador de calor hecho de una sola pieza.

— Ensamble de serpentin.- con la nueva metodologia no sera necesario atravesar con
los tubos de cobre las aletas de aluminio, ahora solo se requiere ensamblar el circuito

de cobre en las aletas de aluminio.

— Pegado.- como el circuito de tuberia de cobre estd completo no sera posible hacer un
expandido de la tuberia de cobre para unirla (fijarla) con las aletas de aluminio. Se

propone el uso de un pegamento para aluminio el locktite AD-LQA-35.
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Fig. 4.4 Aletas de aluminio y tuberia de cobre ensamblada bajo el nuevo procedimiento.
Con la nueva propuesta se consiguen los siguientes beneficios:

— Disminucién de pasos en procedimiento de fabricacién de 5 a 4 pasos.

— Se dejarian de utilizar 2 equipos (expander y brazer).

— Disminucién de puntos de soldadura y de posibles fugas hasta del 80% (de 45 puntos

ahora se requeriran 9).

— Ahorro en el costo de unién de aluminio con el cobre. El precio de mostrador del

pegamento para aluminio es de $3.5 ddlares americanos en presentacion de 3.5 oz.

68



CONCLUSIONES

5 CONCLUSIONES

El aire acondicionado moderno no ha sufrido grandes modificaciones en los ultimos
aftos, esto se debe a que los desarrollos estan enfocados a la manufactura y muy pocos

recursos se han invertido en el desarrollo de nuevas propuestas de redisefio de unidades.

Los desarrollos mas trascendentes se han reflejado en la parte de la electrénica y en los

sistemas divididos.

Como en muchos otros productos la electronica juega un papel importante en el
desarrollo de los productos, en el caso del aire acondicionado se ha reflejado en los

puntos de control y entrada de érdenes de funcionamiento.

Los sistemas divididos de aire acondicionado son productos que han tomado una
posicion importante en el mercado del aire acondicionado para el mercado mexicano,

son conocidos como mini splits.

Como en muchos otros campos el mercado norteamericano pone la pauta en
requerimientos y desarrollo de productos. Actualmente se trabaja intensamente en el
redisefio de las unidades de aire acondicionado del mercado residencial norteamericano

para dar cumplimiento al cambio de eficiencia SEER.

En Abril de 2004 el DOE en Washington anunci6 su apoyo al aumento de 10 a 13 SEER
para la industria de la HVAC, este aumento representa un incremento de 30% en la
eficiencia de las unidades. El plazo que se fijo para que el cambio en la produccién y

comercializacion de unidades menores a 13 SEER es Enero de 2006.

Los centros de disefio de todos los fabricantes de equipo de aire acondicionado
residencial se encuentran trabajando en el redisefio de las unidades, sin embargo, en
general el redisefio se basa en los pardmetros o estdndares existentes, no estan buscando

redisefios radicales o revolucionarios,

Es probable que el tiempo desde el anuncio del cambio de eficiencia minima a la fecha
limite para hacerlo sea insuficiente para buscar o redisefiar unidades con conceptos

nuevos. Sin embargo, los cambios en los productos no deben ser marcados solamente

b — ]
69




CONCLUSIONES

por los requerimientos gubernamentales, existen otros factores importantes, entre los

mas importantes se encuentra la competencia con otros fabricantes.

Otro punto que se cuida con el redisefio de la unidad es la manufactura de la misma, no
es importante que tan revolucionario sea el nuevo producto mientras su
manufacturabilidad sea complicada o dificil es probable que fracase por el alto costo de

produccion.

El redisefio de un producto debe sustentarse en algin beneficio que mejore alguna
caracteristica del producto (desempefio, eficiencia, estética, etc), genere un producto
para un mercado no cubierto, facilite su fabricacion o elimine algin punto de posible
falla.

El proceso de soldadura tiene costos que en la mayoria de los casos no son contemplados

dentro del producto y en consecuencia no se incluyen en el costo del producto.

Las fugas en las uniones soldadas son la problematica principal en el proceso de

fabricacion del serpentin.

Los puntos de soldadura que se propone eliminar son los que se realizan durante la
soldadura automatica, es decir, adicionalmente se podria eliminar un equipo que

consume energéticos durante todo el tiempo de operacion.

Una unidad condensadora de 5 toneladas de capacidad de refrigeracion llega a tener
hasta 45 puntos de soldadura de tuberia de cobre a través de método actual. Si el método
de fabricacién no requiriera de la soldadura automatica solo seria necesario hacer 9

soldaduras, obviamente manuales.

Las propuestas de redisefio de los intercambiadores de calor cumplen con los objetivos

propuestos: disminuir los puntos de soldadura y pasos de fabricacion.

Existen muchas razones por las que constantemente se disefia y redisefian productos, la

mads basica es solucionar una necesidad especifica.

Por otra parte, junto a los nuevos disefio y redisefios se generan desventajas o efectos
secundarios, en general ningan nuevo disefio esta libre de ellos y siempre es importante

considerarlos.

b ——————
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5.1 Siguientes pasos

No todos los puntos que se requieren en el redisefio de productos han sido
cubiertos con este trabajo, por lo cual resulta indispensable elaborar un plan de los pasos

siguientes requeridos que validen al 100% el redisefio propuesto.

Siempre es importante identificar cual es el paso que sigue una vez alcanzado un

objetivo especifico.

Los pasos que siguen son:

5.1.1 Simulacién de comportamiento en el ciclo de refrigeracién

Con el presente trabajo se plantean propuestas de cambio en el producto y
proceso de manufactura del intercambiador de calor, asi como de sus componentes. No

ha sido validado el comportamiento del nuevo serpentin.

La modificacion propuesta a las aletas de aluminio actuales resta cantidad y tamafio, sin
embargo, la intensiéon no es disminuir la cantidad de aluminio, simplemente es

ejemplificar la geometria propuesta y sea posible realizar ensambles fisicos.

Con la revision del comportamiento en el ciclo de refrigeracion del disefio de
intercambiador propuesto y la nueva geometria se debe buscar el disefio y
especificaciones de la nueva aleta de aluminio, que satisfaga ambas condiciones: forma

geométrica y funcionamiento.

5.1.2 Pruebas de laboratorio definitivas

Las unidades de aire acondicionado en su fase de disefio son sometidas a pruebas

de operacion, funcionamiento y resistencia.

Las pruebas de resistencia se enfocan principalmente a la capacidad y/o modo de
comportamiento de los componentes de la unidad en condiciones extremas del medio

ambiente.

Entre las pruebas mas frecuentes se pueden mencionar: resistencia a ambientes salinos,

resistencia de materiales, etc.

71




TECNOLOGICO

DE MONTERREY. CONCLUSIONES
]

5.1.3 Diseino de proceso continuo

A través del presente trabajo se propone un procedimiento de fabricacion, sin

embargo, como toda metodologia es perfectible.

Las modificaciones que se han propuesto en la fabricacion de los intercambiadores de

calor modifican considerablemente los procedimientos.

Es posible considerar que esta es una buena oportunidad de alcanzar un nivel de

optimizacion.

5.1.4 Propuestas adicionales

El mundo del aire acondicionado tiene un crecimiento en relacion directa con el
crecimiento poblacional, por lo cual el crecimiento del mismo estd garantizado por

tiempo indefinido.

Las expectativas de crecimiento son muy altas, los cambios de legislacion en los Estados
Unidos favorece el crecimiento por la sustitucion de los equipos de menor eficiencia y el

aumento de calidad de vida en las economias desarrolladas.

Por otro lado, la competencia en la industria del aire acondicionado se ha incrementado
y se ha vuelto sumamente feroz. Antes de la ultima década del siglo XX los productores
eran regionalmente localizados y solamente unos pocos eran internacionalmente

conocidos.

Hoy en dia la globalizacion de los mercados invité a los productores asiaticos a la
invasion de los mercados occidentales y con ellos empresas como LG, Samsung, entre
otras establecieron operaciones y ofrecieron productos con disefios innovadores y

precios competitivos, la competencia se ha vuelto fuerte y no tiene tregua.

La competencia y las nuevas regulaciones gubernamentales invitan a la generacion

creativa de nuevas formas de hacer negocios y productos.

En el caso especifico de la produccion de equipos de aire acondicionado en México
empresas como Carrier son manejadas como centros de costos, limitando la posibilidad

de mejorar sus productos y servicios.

e
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El mercado nacional es soportado a través de una estrategia de adaptacion de productos
que fueron disefiados en Estados Unidos, lo cual reduce la capacidad de innovacién (se

debe trabajar dentro de la misma plataforma).

Los costos de mano de obra no son una ventaja competitiva que pueda sostenerse por
mucho tiempo y de alta competencia, es indispensable revisar los recursos con los que se

cuenta y como emplearlos a la brevedad.

Alterno al cambio del proceso de fabricacion de los intercambiadores de calor se debe
considerar retomar los recursos con los que se cuenta para retomar el disefio de las
unidades. Hoy por hoy se hace un poco de redisefio de unidades que se adaptan para el
mercado nacional, sin embargo, es necesario buscar nuevas ventajas competitivas

ademas del costo de mano de obra.
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Gn ABSTRACT

A film is sdbered 10 a8 motal platc of a condensing heat
cxchanger by a cured layer of siliconc RTV clastomer to
Ppreven) ion of the Jonsing best exch Alayer
of solid silicon RTV ¢l includiog an arg: il
functioaal geoup is applied on the pretreated metal sarface,
The metal plale is heated aod @ proleclive flm is then
applied. The fihn is adberod to the surface of the moia} sheet
by curing the layer of siticone RTV clastamer with the water,
The watcr reacts with the arganosilicone functional groups
on the siliconc RTV clastomer layer, cross-ligking the orga-
nosilicone functional groups to create an adhesive surface
which adheres the fiim 10 the xurface.
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1
ELASTOMER ADHESIVE FOR
CONDENSING FURNACE HKAT
EXCHANGER LAMINATE MATERIAL

BACKGROUND OF THE INVENTION

The prescat mvcnnon relates gcncnlly to a siliconc room
Ly layer which
ndht:rm a dlim o g wmlensmg heat exchanger without
utilizing a primer and adhesive.
Condensing heat cxch arc employcd in cond

2
TRICGF DESCRIPTION OF THL DRAWINGS

The various fealures and advantages of the invention will
Dbecome apparent to those skilled in the art from the follow-

5 ing detailed description of the currently proferred embodi-

e

meot, The drawing that accompany the detailed description
can be briefly described ay [ollows:

FIG. 1 illustratcs a schematic disgram of a condensing
furnace sysiem;

16 2 illustrates 2 schematic diagram of a pair of cells of

4 cond heat exchanger; and

furngces to increase cfficicncy. The condensing heat
exchanger auols the heating Buid to & kmpersure below the
dew paint. As the temperatire draps below the dew point, a
id water vapor, cond from the hcaung

1%

H1G. 3 illustrates a schematic diagram of a metal plate of
a condensing heat exchianger with a layer of silicone RV
clastomer; and

14G. 4 illustrates & schematic diagram of a metal plate of

i
Quid. As the liquid condd v beat is
fram the water vapor to the air to be heated. As more heat
is praduced, the efficiency of the sysiem is increased.
Polypropyl films arc ly utilized 1o make &
for a condensing furnace heal exch 10 prevent
corrasion by the water vapar liquid condensate. The prosent
tnethod nfmnkmg the fanvinate is expensive. Apnmcr is first
applied 0 the ¢ sleal of the heat
exchanger, After ¥ bake cycls, un wdhesive s npphed
fotlowving again by a hake cycle. the polypropylene film is
then thermally laminated to the adbicsive, attaching the flm
fo the metal surlsee of the condensing beat oxchanger.
‘Thes are several drawbacks to utilizing, the primer and
adhesive of the prior art. bor ooe, both the primer and the

& cond: hoat exch with a film applicd on the fayer
of silicooe RTV clastomer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

146G, 1 sach ically itk ing furnace
system 20. Air and natural gas cnlcm 2 bumer 22 which
bums tho air xnd nutural gas by » flame 24 10 produce bot
combuston products. The hot combuston products pass
through a primary beat exchanger 26, which cools the hot
combustion products and extracts heat to the air to be heated,
To increase the cfficicncy of tix systcm 20, a condensing
beat exchanger 28 is used to extract additional heat. As the
hot combustion gases pass through the condensing heat

adhcsive contain high p of cxpepsi sotvcnls'

which must be combusled fo meet “cloan air™

nangor 28, the condonsing heat cxchanger 28 cools the

Adaitionally, the formulation of the pnmer is neeasionally
b d by the £ resulting in ion prob-
fcms and failod inspections.

El
Hencr, there is a need in the arl [or a layer which adheres

a film to a condensing heat exchanger without utilizing a
primer and adhesive.

SUMMARY OF 111 INVENTION

. . - «
The prescnt invention relates o 4 silicone RTV clastomer

luyer which adberes 2 film (o a comlensing hem exchanger
without atilizing a primer and adhesive.

A filny is adhered to a metal plate of a condensing heat
exchanger by a cwred silicone RFV elastomer to prevent
corrosion of the condensing hcal exchanger. The surface of
he metal plato is y 4 layer of phosphaw or
chrame. Alayer of solid slhunn R 1V elastomer mcludmg an
organasiticone functional group which cross-links with the
2id of water is then applicd on the protreated metal surfacc.
Preferably, the layer of silicone RTV elastoiner is apphed by
a coller. ‘The silicone RTV et layer is pref

a5

50

bustion products o a below the dewpoint of
the combustion products. Water vapor begins to condense,
allowing morc heat e be cxtracted from the cambnsuon

s products and i fhci As the liquid

condenses, hoal is transferred from the waler vapor o the air
w0 be heated, An inducer fan 30 provides a source of suction
on the condensing hoat exchanger 38 and assists in pulling
the low of the combustion products through the sysism 26,
The combuslion products are expelled from the systern 20
througls a flue 32.

FIG. 2 illustratcs a pair of eclis 34 of the condensing heat
sxchanger 28, Each cell 34 including & How passage 36
through which the combustion products or flue gases Row.
‘e hot flue gases onter the flow passage 36 through an infet
38. As the hot flue gases flow through the flow passage 36,
beat is transferred o the air to be heated which flows in the
it passage 40 hetveen the cells 34. ‘The cooled flue gases
thep exit the cclt 34 throngh the outlet 42. Although only two
colls 34 arc iltustrated, & pluratity of cclls arc employced in
the condensing heat exchanger 28.

Y

applicd between 0.1 and 10 mils in thickness.

Adfier the laver of siticonc RTV clastomer is applicd to the
surface of the condensing hoat cxchanger, e motal plate is
heared and a pratective film is applied. The film i adhered
1o the surface of the metal sheet by curing the layer of
silicone RTV clnsmmcr with _water & room erpcrnmm
Waler o s (he Y groups on
the silicone RI'V elastomer to create an adhesive surface
which adhores the fiim to the surface.

Accordingly, the preseat inveation provides a silicnne
RTV clastomer layer which adheres a film to o

28

o

A ic view of the meta! plate 44 used to form the
ing beat cxch 28 is ill d in FIG. 3.
Preferably, the metsl plaie 44 is prewrerted by applying a
layer of phosphate ur chrome 48 to the surfice 46 to improve
corrosion resistance. The layer of phosphate or chrome 48
itionally holds moi and the adhesion of
1 layer of silicome RTYV (roam (emperalure vulcanizing)
clastomer 48 to the surface 46 of the metal platc 44.
A m-ung of o layer nf mhmne RV clastomer 48
1 group is spplisd w
the wruw 46 of the metul plate 44, Silicone is & compoumd

heat excheoger without iilizing a primer aml adhesive.

a chain of al ing silicon asd oxygen atoms
thh hydrocnrbons nluchcd to the silicon atoms. An orga-

Thcese and other featercs of the present jon will be
best from the following p ion and draw-

ings.

1 group is located on the cad of the
chain. Any organosilicone functiomal group which cross-
links with the aid of water can be used. the silicone RV

US 6,527,906 Bl

3
elastomer layer 48 is applied 1o the susface 46 as a solid,
Preforably, the Isyer of siliconc RTV clastomer 48 is applicd
by 3 rolkr %0, Howeves, otber methods of application arc
possible, and one skilled in the ast wouki undersiand bow fo
apply the layer of silicone RI'V elastomer 48, The high

5

4
hings. The preferred embodi of this i ion have
beon disclosed, buwever, so that one of ardinary skill in the
ant would ize that cerlain ifications would come

within the scupe of this imvention. 1t is, therefore, to be
undcmood that within the lcopc of the appended clajms, the

solids uncured silicone layer 48 ia

Y B
applied as 8 thin layer prelerably between 0.1 and 10 mils in
thickness.

After the Jeyer of siliconc olastomer 48 is applicd to the
surfuce 46 ol {he condeasing huat exchanger 28, the melsl
plate 44 is heated. The film 52 ia then applied aver the solid
layer of clastomer 48. Preforably, the film 52 is polypropy-
Icoc. The Blm 52 is adhered to the surface 46 of the metal
shoet 30 by curing the Jayer of silicune RTV elastomer 48

p

may be p isc than as specially

described. For tha mmn the fallowing claims should be
siuclicd to detemuise the ime scope and comteat of this
invention.

What is claimed is:

1. A method for adbering a fillm to a condensing beat
cxchanger comprising the steps of:

npplymg u layer o[ & rom (emperature vaulcanizing sili-
a0 vrganosilicone funclicosl

with waler 54. Water 54 causes a reaction which Tink
the organosilicone functional groups in the solid siliconc
RTV clasiomer layer 48, creating an sdbesive surface which
adheres the fibn 82 (o the surface 46 of the melal plat 44.
Preferably, the water 54 which curcs the silicone RTV
olastomer layor 48 is contuined in the flm 82. The waler
pormeatss through the film 52 and reacts with the layer of
silicone RTV clastomer Inyer 48, crosa-linking the organo-
siticone functional yroups. Alleroatively, the water 54 is
applied Lo the surface 46 of (he metal shest 44 prior o the
application of the layer of silicone RT'V elastomer layer 48.
The walcr can also be applicd to the upper surface 56 of the
film £2 alter applicalion over the layer of silicone RTV
elastnmcr l:yer 4ﬂ The water 54 permeates through the film
and the

$roups.
All\,mamcly. thc wator 54 is supplicd by sicam whxch
permeates the film 82,

‘There are several advantages to emplaying the silicone
RTV clastomer leyer 48 of the present invention {o witach 2
{itm 82 1 the surface 46 ol 4 metal plale 44 of ¥ condensing
heat exchanger 28. Lo oac, as a primer is ot used, there is
& reduction 10 the refease of volatile organic compound
{VOC) during he manulsciuring process. Films 82 with a
lower surface energy can be adhered t the condensing heat
exchanger 28 which are usuzlly difficult to adhere by adhs-
sives or dircct thormal lamigation. The silicone RTV clas-
tomor layer 48 bas high thermal resisixnce lo lue gases and
to the acidic condensate formed in the condensing heat
cxchanger 28. Therefore, the teraperature of the fine gascs
can be mcressed. Finally, the silicone RTV slasiomer layer
4K 3s Aoxible und ulows forming, wheress the adbesive of
the prior art is relatively brittle,

Accordingly, the prescnt invention provides a siliconc
RIV clastorer layer which adheres a film to a condensing
heat exchanger wuhmn utilizing a primer and adhesive.

The [ iny description is only lary ol the prin-
ciples of the invention. Many madifications and varistions
of the present inveation are possible in light of the above

gxoup 10 said condensing heat cxchanger;
applying said film to suid layer of silicons elasomer; and
curing seid layer of silicone clastomer 1o adhere said film
1o said condensing heat cxchanger.

2. The metod ay reciled in claim 1 wherein 1be siep of
applying said layer of silicane elastomer includes applica-
tion by a roller.

3. The melhod s recitsd in clsim 1 wherein said Glm is
polypropylens. . X

4. ‘the methad a8 recited in claim 1 wherein the siep of
curing said layer of roomt tcmperature vilcanizing siticone
elestomer includes wkling waler 1o said layos of silicons
elastomer to cross-link said orgamosilicone functional

TOLpS.
& S.I'?hc method es recited in claim 1 further comprising the
siep of pre-treating s suslace ol said beat fransier compo-
nent.

6. "the method as recited in claim 8 whercin the step of
pro-ireating suid heat trapsier compoaent includes phosphal-
ing said surfece of said beal ransler component.

7. 'The method as recited ia claim 3 wherein the step of
pro-treating said heat tnansfor component includes chromat-
ing suid surfuce of seid heat ransfer component,

8. 'The method as recited in claim 1 wherein said layer of

0 silicone clastomer is between 0.1 and 10 mils in thickness,

50

9. A heat (ransfer component of a condonsing furmuce
system comprising:
a metal surface;
@ film adbersd Lo sakl mew! surface; snd
a leyer of room u:mpcnnuc vulcanizing sn.hconc clas-
tomer including a tured
group (o adhere said fitm 10 said meta) surface.
10, The heat wansfer component s recited ia claim 9
whercin said kayor of siticone clastomer is betwoen 0.1 and
10 mils in thickness.
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{57 ABSTRACT

A copper heat exchanger umit for opersting in a harsh
cavironment wherein the exposed surfaces of the unit are

firsi provided with a black oxide layer and then cloctro-
coated with a proteciive acrylic barrier.
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1
COPPER ARTICLE WITH PROTECTIVE
COATING
This applicstion is a division of application Ser. No.
08/203,813 filed Mar. 1, 1994, now U.S. Pat. No. 5,510,010

BACKGROUND OF THE INVENTION
Thu invumcn relates to pmm:ung wppu' amclcx from a
amd in

w

5,582,024

2
scrylic outer layer is then clecirocoted over the axide layer
0 provide 2 relatively thin yo! non-porous barrier that
exhibits extremely good adhesion and protective propertics
against corrosive subgances.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of these and other objecis of
the presemt invention, reforence is made to the detailed

cop-
per heat exchangers used in m‘x‘lgualcd ca:go containess.

Occan golng cargo ships now camry large contatners on
Lheir gpen decks which serve 1o cxpand the ship’s utility.,
Many of these containers are equipped with refrigerstion
systcms so that they can store perishablc goods for relatively
long periods of tme. The refrigeration systcms, however, are
exposed to salt, air and water which causes the exposed party
to corrads el an accclerated rate. Heatexch-nxerum‘u:u
uzed In the refrigeration sysicms are
10 salt air and salt water corrosion,

In an effort to combat the harmiul effects of salt, air and
waler, heat cachangers used in sea going e

15

d ion of the { ion which is to be read in conjunc-
tion with the follawing drawings, wherein:

FIG. 1 is a perspective view of one form of copper heat
exchanger used in refrigeraled sea going cwrgo containery,
and

FIG. 2 is a flow diagram showing the steps involved in
providing a strongly adhesive, non-porous protective barrier
to the exposcd surfaces of the heat exchanger Hlustrared in
FG. 1.

DESCRIPTION OF THE INVENTION
Referming initially to FIG. 1, there is shown 8 fin coil heat

typically fabricated of copper. In additlon, oxposed surfaccs
of the heat sxchangers have also been costed with varlous,
Lypes of paints for added protoction. These protective coat-
ings havo met with only with limited succcss for a number
of reasons. Fimst, most coating materiala do not adhere well
to copper and eventually the coatlng will fiake away to
expose the copper substrate. Secandly, the coating must be
relatively thin %0 dml it does not adversely effect the heat
transfer of the hearexchanger, Most thin layer
coatings, however, arc cxtremely poreus and thus will not
estahlish an impenetreble protcetive barier for the under-
lying copper.

As will be doscribed in graater detail below, the prosent
' will be i with spectfic refe 0 pro-
viding a protective barrier for a copper heat cxchanger.
However, it shauld be evident 1o one skilled In the art thet
the invention is not Hmited to this apscific spplication and
can bo used in conncetion with any copper article where the
need exists to protect. the article from a hostils environment
ar the like.

SUMMARY OF THE INVENTION

Itis therefore an object of the present invention to protect
copper erticles from 4 comrosive environmont,

It ls another object of the present invention to protect a
copper heat exchanger from the harmful effects of sait air
and water.

Yet & furthar object of the present invention is 10 extend
the Kfe of refrgeration systems used in sea going cargo
COntAiners.

A still forther object of the prescat inventon is to provide
a prolective overcosting for & copper heat exchanger that
will not sdvarsely effect its heat tranafor proparties, but yet
will provide a relatively non-porous basrier w salt air and
waer,

Another object of the prescnt inveatlon s to provide
protective coating for a copper anicle that has improved
adhesion proportics.

These and other objects of the prescat invention telate
‘broadly to a copper article, and more specifically, to a heat
exchanger for use in a ses going refiigeration carga con-
tainer. The axposed surface of the articles are first troated to
produce a black oxide layer over the exposed surfaces. An

ancrnl d 16, of the type typmally
used in 4 i cargo

heat exchanger mcludcs one or more flaw circuits 12 far
carrying a refrigerant through the heat exchanger unit. For
the purposes of explamation, the unit illuswated in FIG. 1
containg a single flow circuit 12 consisting of an inlet linc 13
and an outlet line 14 which are connected at ooe end of the
exchinger by means of a 90° ube bend 15, It should be
evident, howsver, that more cirouits may be added to the unit
depending upon demands of the sysiem, The unit further
includes ® scries of radially disposcd plaic-Hke clements
16—16 that are spaced apart along the length of the fow
circult. The elements arc supponed in assembly between &
pair of end platss 17 and 18 1o complets the assembly.

As noted above, heat exchangers of this lype that arc
cxposed to & hash ar
fabeicated of copper becmse o[ its good hest tmn:fer pmp-
extics and resl these copper
units can and will be adversely eficcied when cxposed to salt
afr and water for extonded periods of time. Attempts have
been made with varying degress of success to coat these
capper units with various matcrial in an effort to extsnd the
wseful life of the unit. Thesc coating materials oftentimes
reduce the heat transfer capacity of the unit, exhibit poor
adhcsion properties and fail Lo penetrate into ail areas of the
vnit that might he sxposed 1o & hostile environment.

Az will be explained in greater detail below, the sxposcd

su outer surfaces of the present copper heat exchanger are first
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prewrcated to establish a bleck oxide coating therson that
creaies a strong boundary Jayer much lke that produced
when aluminum is anodized. A thin acrylic overcoating is
then clectro-coated over the biack oxide boumdary layer o
provide a sirongly adhesing protective barrier for extending
the useful lifc of a unk exposed to a hostile environment. It
hay beea foung that this combination exhibits unexpected
:ynergnun results and does not degrade the heat transfer

the unit. Addi the p barrier is
capablc of peneirating desply inlo mmm, difficult 0o access
arcas, thus preventing earty failure.

Tuming now w FIQ, 2, there is shown a flow process
dizgram depicting the process sieps mvolved in pmdunng a
uniform barrier over th
copper heat oxchanger. Initially, the iwe open cads of !hc
flow circuit are closed by suitable plugs (not shown) and the
exchanger is immersed in an alkaline bath 30 contsining a
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base cleance such as MU Clean 17 sanu(actured by
Mitchell Bradford Inicmational, which is a division of
Hubbard-Hall, Inc. of Watertnrry, Conn. The bath containa a
4-7% concentration of MI Clean 17 in water and the
solution is heated to & temperature of about 180° F. The heat
exchangor ls allowed 10 remain in the bath for about § to 10
minuics 1o thoroughly clean and degrease all exposed sur-
faces of the unit

Upon removal from the alkaline bath, the unit i bathed in
a cold water rinse 32 for about one minute or a period of time
which is sufficient to remove the alkaline wash from the
outer suxrface of the exchanper. The lerm cold watcr rinse ay
herein wsed refers to ooe in which the rinse water is at or
shout an ambient temperature.

The rinsed heat cxchanger is then placed in & second
scidic cteansing bath 3 for about 4 to 5 minuies 10 remove
surface: oxidations, The bath, heid at an ambient tcmpera-
ture, contains about 10% conceatration of Scone M-E Acid
Brite 50 (also supplied by Hubbard-Halt, Inc.) in water. Acid
Brite 50 contains about 20% by weight hydrochloric acid,
11% by weight phosphoric acid and 10% by welght sutfuric
acid along with other non-acidic matcriala which combine to
thoroughly ride the outer surfaces of the heat cxchanger of
uawanted oxi

The unit, npon removal from the acid cleaning bath, is
immediately placed in 2 cold watcr rinse 36 for about one
miputc or morte to remove all trace of the reid bath from the
outer surfuces of the unit,

The twice cleancd-and rinsed part is gow immerscd in an
oxidizing bath 38, The bath contains an oxidizing solution
containing equal parts sodium hydroxide and sodium chlo-
ride in water. A concenlration of sbout two pounds of
oxidizcr o 2 gallon of water is used. The oxidizer is
commcrcially svailable from Hubbard-Hall, Inc. and is sold
under the tradename Black Megic CB. The unil is allowed
to remain in the bath for between 5 and [0 minutcs at a bath
wmperature of about 180° F-210° F unil alf cxposed
surfaces of the copper are thoroughly coated with a decp
black colored oxide film.

The oxidetion process is quickly terminated by ringing the
unit in cold water for two 1o three minues and then in hot
water that is heated 1o about 120° F. far about Len ar eleven
minutcs. The unit is given a final rinse for sbout one to two
minuics in. deionized water at ambient tempemture and.
alfowed to dry, These rinses are depict at 40-42 in FIG, 2.

Upan drymg1 lhemuhcoadehhm acrylic psint uning

itable coating 44, The peint is
available from Piwshurgh Plate Rass Industedes, Inc. of
Springdale Pa. and is sold under the trad

3

4

Copper patts that were oxidized and coated by the mathod
described above were tested 1o determine the parts’shility to
resist corrosian. The AC impedance of each coated part was.
first measured and recorded, The avcrage impedance of the
parts was found to be about 818" ohms per squere centi-
mcter and the average thickness of the actylic coating was
gbout 0.0007 inches. The parts were then cxposed 10 sieam
spray {or a period of sbout 48 hours and 3 second impedance
measurcoicnt was ther taken. The average impedance: of the
parts exposed to the sicam was found o be about 7x10°
ohms per square centimeter. Clearly theae tests showed that
the acrylic coating was relatively less porous than similar
coating presently in vsc and thus providsd an improved
protective barrler sgainst comrosion. Further tests also
showed that the coating exhibited toproved adbesive prog-
ertles and resistivity t eltraviolet rediation when compared
10 presently employed coatings.

Althaugh the preseni invention has been described with
specific reference to a copper heat exchanger, it ghould be
cvidcm 1o one skilied in the art um the invention has wider

and can be employed in cony with any
type of coppes article or part that may require extended
protection from a hostilo cnvironment.

Whilo tids has been explained with rcf [
the structure disclosed berein, if is not confined to the details
sct forth and thia invention is intended 10 cover any modi-
ficasions and changes as may come within the scops of the
following claims:

1 claim:

1. A cargo containcr for storing perishable goods having
a refrigeration umit that inclodes:

& capper heat exchanger having a plurality of spaced aparnt

a uaiform black oxide layer covering the outer surfaces of
the heat exchanger that is formed by precleaning and
degreasing exposed surfaces of sald heat exchanger
followed by immeming the heat cxchanger in an acid
bath 0 remove unwanied oxides from the exposed
surfaces, washing the heat exchanger with water and.
then exposing the sarfaces to an aqucous oxidizing
bath, and further followed by rinsing said heat
cxchanger after forming said oxide layer in succcsaive
baths of cold water, bot water, and delonized watcr.,

an outer costing of nonconductive acrylic paint that is
electrocoated over the black oxide preconditioning
layer to completely cover the outer surfaces of the heat

with e P barrier against

§10-611 or Powercron 830-611. The uxkhzod unit is
immersed in 2 bath of acrylic paint and an elecirical current

l'ﬂwcmmmerafchimlwhcmnlhcacryhcpmmu

of ~234 amps and 200 volts applied to the unit. The unit is
held in the bath for between nine and tcn mimtes 1o insurs
that all exposcd and oxidized surfaces of the unit are fully
ocovered with the ucrylic overcoat o a thickncss of between
0.0005 vo 0.0010 inches. The unit is then removed from the
b;lh u;d the paint cured in sn oven 4R for thirty minutes at
3I°F

EY

& uniferm thi of between 0.0008 and
0.001 lnr.hcu.

3. The coatainer of claim 1 wherein the heat exchanger
further incjudes at least one Aow circuit and a plurality of
spaced mpert fins mdlallydinpnwdllung!helevmhofmc
flow circuit.

* & % & €«
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(54} ABSTRACT

Au inlegrated wlrigeralor evaporator haviny a plurality of
pipes and fins is manvlsctured by injection molding with
plastics. According to the prescat invention, pipes and fins
arc molded by plastic platcs, and a hoat cxchangor is formed
by molding the pipes and fins into  sorics of “S” shapes. A
first bending scetion formed by the heat exchanger, which is
molded in & series of “S” shapes, is inserted into 8 mold main
body {0 mupufscre o houder cop, A fimst header cap is
mupulactured by injected melicd plustic malenial body into
Ibe mold main body under the state of covering the mold
main body with a mold cap. The first hoader cap is cngaged
with & first header main body having a refrigerant inlct xad
outlet. ‘The refrigerator evaporator according o the present
invention results in a celatively lower product cost than the
cvaporaior conposcd of a metal substance, as well as 4 high
recyclability,
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1

REFRIGERATOR EVAPORATOR AND
METHOB OF MANUFACTURING THE SAME

BACKGROUND OF 1131 INVENTION

1. Field of the lavention

The prescat invention relaies to a refrigerator cvaporator,
and mare pamcularly 02 refngcmmr evaporator and
method of p of bath a
more improved structure md numlfmunng proccss than the
coaventional one vsing plastic matorials.

2 Description of the Prior Ant

In gencra), the relrigerator as an applisnce for storing and
keeping stuff such as food under tow temperatures roughly
consists of & storagc comparimicnt and a cooling compart-
ment. This type o a refrigerator can be cassified into [our
kinds acconling o the cooling methods: an ice refrigeralor,
in which a lump of icc is put on an upper part of the storage
compariment to cool down inside thercof; an clectric
refrigenator, in which gascous Freon i condensed and
transferred to a condenser ln hc hquzﬁnd by dl\chugmg
heat; a gas i an freezer,
which uses smmonis aqueous solution as & m[ngemn( and
a0 electronic relrigerstor ulilicing a Poluicr eloment for the
purposcs of both cooling and heating the food according to
the dircetion of clectric current,

An gvaporator is essential to any types of refrigerator,

rdkesa of the kinds of refri o e used, for exch,

'3
mg latent heat with existent hcnt by mcnns of cvaporation of

friys Such a
hns l)ecn mlmzfa:tur'cd I)y utilizing mculs such as mppcr or
o in of the p in hoat cxchang-
ing ellici Al pressure end elc. The following is
an explenation of the method of manulaciuring the conven-
tional refrigerator evaporator made with reference to the
accompanying drawings FIGS. 1A and 1B,

TGS, 1A and IR arc a perspeclive view and 2 cross-
acctional view ulhmnung the heat exchange plate used in
the

Referring to 1GS. 1Aand 113, refrigerant pipes la, 16 are
first extruded by means of meial (c.g., copper, alumiown,
olc.). Fing 24, 25 are then manufaciured by molding u motal
punsl.

2
kiying 2 metal lowers bility
nnd durabﬂny of mc proguct.
Fourth, employing a metal sub: impedes modifi

tion of the design of the produci.
s

0

1%

2

X

a5

“

SUMMARY OF THE INVENTION

To resolve the conventional problemy described above, an
object of the present invention is 1o provide a refrigerator
evaporator having 2 plurality of pipes and fins which is
mamifactured by injection molding with plastics.

To accomplish the object, the refrigeraior evaporaior
according to the preseat invention comprises 2 heat
cxchanger having & plunlity of pipes for circulating a
relrigerani axl a plurality of fins molded in a serivs of “S”
shapes for mechunically engaging the plurality of pipes; a
first header positioned at a first beading section formed by
the heat cxchanger molded in & scrics of “$™ shapes and
baving an inlet pipe and an ouilet pipe for a refrigerant, and

, the fimt header comprises a plurality of inlet taoks, outhet

tanks, return tanks and brackets for preventing distostion of
the heal uxchanger; and 2 second beador onguged wilh &
secand bending section positicned cotresponding (o the Grst
header, charecterized in that the heat cxchanger, first header
and sccond header are integrated in plastics.
The method of facturing the refrig

t0 achieve an nhject of the present iovention comprm the
steps of: forming a heat cxchanger by molding pipes and fins
with # plastic panel and moldiog e pipes and lins in s series
of “8” shapes; insectiog the fiest bending section formed by
molding the heat cxchanger in a scrics of “S™ shapes into 3
mold bady for forming & header cap; manulacturing a fisst
header cap by injecting melted plastic materisl inw the mold
main body under the state of covering the mold main body
with & molding cap; and cngaging the first headcer cap with
the muin by of the first beader having a molding inlet pipe
ad an autlet pipe of the refrigerant; manufacturing a second
header cap by inserting a second bending scction of the heat
exchangar inlo the moki main body for meoulacluring the
lirs| header cap, und by injecting (b plastic melling body
into the melied plastic material under the state of covering
the mold main body with a mold cap; and cngaging the
sccond beader cap with the sccond header main body.

BRIEF DESCRIPTION OF THE DRAWINGS

45
Mectal refrigerant pipes 1a, 1b are inscricd into the fins 24 FIGS. TA and I8 arc a pempective view and a uross-
and 25 snd elongawed W # desired length. The metal relriy-  scctional view ilustrating the pipes and flns used in-the
evam pipes 1a, Ih are mechanically engagoed wilh the fins 2q, conventional refrigerator svaporator.
. FIGS. 2A-20 are scetion views of the refrigerator evapo-
The body incorporaling the relrigerant pipes 1z, 16 into 9. rator sccording to one cmbodiment of the proscat invention,
the finis 2a, 25 is the heat exchange plase 3. FIGS. 3A und 3B ure delailed views illusirating the
And, a heat cxchange plaic 3 is bent in a serics of 8™ header.
shapes of in the shape of a serpent to he completed as the 11G. 4 is a view dluslrnlmg the f\mclmnmg pracess of a
heat exchanger. 45 (efrigerator cvap 0 &0 of the
However, since most of the refrigerator evaporator includ- ~ present invention.
ing the ones described above are composed of metal of high FIGS. SA und 5B ure views illustraling (h menulsciuring
thermal conductivity and strength, there are some problems.  gicps of a header of the refrigerator evaposator shown in
Firs(, smploying metal subx rosufls in a relntivaly FIG. 2.
high material cost of the rcfngcramr cvnpmzmr lhemhy s FIG. 6 is a vicw of the beader according to agother
clevating the cost of a a heat hodi of the prosent invention,
oxchanger.
becuud employmg a mcul substance also xqmrc.s a more DETAILED DESCRI‘FIION OF THE
process than % mon- INVLENTION
metal substance, thereby rosulting in a bigh processing cost. 65 The following is a dotailed deseription of the proferred
ltusther, the high weight of the motal evap camnsen 2 bodi «of the present invention made with reference o

problea in transpartation.

¢ths accompanyiag drawlings.
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FIG. 2 is a cubic sectional view of the refrigerator
ding to an cmbodi of the preseat

cvap
invention.

4
flow through the bending sections 13 and (4 to the outlet
tank 18 placed at the upper part of the separatiog plate 20 via
the pipe placed ul |he pper section UI the heal cxdnngur 17,

Refirring to F16S. 2A and 21 the refrigerator evay
zccording o the present invention compriscs @ heat
exchanger 17 formed by mokling  beat exchange plate (13),
which consists of a plurality of fins mechsnically engaging
a phurality of pipes for circulating a refrigeraut, in 8 serics of
“S" shapes; a first hoador 13 positioned at a first bending
section of the heat exchanger 17 and having an inlel pipe 22
and an outlet pipe 21 for the refrigerant; and a second header
16 cugrged with xhc sceond bcndmg scction 14 of the beat

h 17 to be i d 1o the first
hosdler 18. The heal sxchanger 17 ﬂwbmi beader 18 und the
second header 16 are preferably extrusion-molded o injec.
tion mwolded with integrated plastics.

The {ollowing is a delailed description of (he beal
cxchange plate, and the heat exchanger 17,

The hoal exchinge plale includes a plurality of fins and
pipes (or circulating o refrigersnl. The pipes are first
extruded or injceted by means of plastics. Fins arc then
manufactured by molding a plastic pancl.

"I plastic pipes for circulating a refrigerant are inserted
into the fins and clongated to a desired length. The pipes are
mechanically engaged with the fins.

The body incorporating the pipes into the fos iy the heat
exchange plate, The beat cachange plate is beot in a scries
of *S* shapes or in the shape of a scrpent to be compieted
s ihe heat exchanger 17

1116, 2C i a right side scctional view of the refrigerator
svaporator zccording to the embodiment of the present
invention.

Refering 1o FIG. 2C, the finst beader 15 comprises a
header ank 23 divided into an inlel ank 19 baving an inlst
pipc 22 and an outlet tank 18 having an outlct pipe 21 by 2
scparating platc 20, a bracket 24 for preventiog distortion of
the hear exchanger 17, and 4 relurn tank 25.

VICi. 3 is a detailed sectional view of the first header 18
shown in MG, 2C,

‘The first header 18 roughly compriscs a header main body
30 ancl a header cap 38 as showa in FIG. 3. The header main
body 30 further comprises a header tank 23 having an inlet
tank 19 and an outict tank 18, a bracket 24 for proventing
distortion of the heat exchanger 17, which is bend in the
shiape of 4 sorpent, wnd rewrn fank 28, A refrigersnt inlot
pipe 22 and a refrigerant outlet pipe 2t are extrusion-
molded, respectively, in the inlet tank 19 and the outics tank.
18. The inlol tank 19 is distinguished from ibs outle! 1ank 18
by 2 separaling plats 20.

‘The following is & detailed iption of the Functic
processofa rcfngcrucl cvaparator accoxdmg to the cmbadi-
ment of lhe prosent invention.

FIG. 4ix a view dluslmmg the [nm.uunmg process of &
mfngcmox D o the of the
prescat invention.

The refrigerant comes in through the inlet pipe 22 and
flows into the plucality of pipes of the heat exchanger 17
formed Jn the inside of the inlet 1ank 19 which is placed at
the lower portion of the separaling platc 20, Then, the
reltigerant llows out through the otber side pipe of the heat
exchanger 17 via the bending sections 13 and 14, asd
accumulates at the lower part of the return tank 25, When the
amount of the rfri incroase as more refri comes

k3

0

15

and ge in A d through the
outlel pipe 21.

The following is » deteilcd deseription of the manufac-
turing procvss of a refrigerator cvapomovr according to the
present § iop made with o the
drawings.

A pluslic hou! exchanging plale baving a plurality of pipes
and {ing is manulectured by extrusion or injection. Al this
slage, the pipos are limt extruded or injecte] by means of
phau;.-s. Finy are then manufactured by molding a plastic
pancl.

Plastic pipes for circulating a refrigerant are insered into
the fins and clongated to a desired length. I1he pipes are
mechanically cogaged with the flas.

The heat exchanging plals is repealedly beni in @ seties of
“§" shapes or in the shape of a serpent. At this stage, wa
bending sections 13, 14 are formed as shown in FIG. 2. OF
the buntling sections 13, 14 of the molding heat exchanger
17, the fiest bending Rection 13, at which the heginaing and
end portions of the pipes are pasitioned, in eagaged with the
first hoader 18 of plastic materisl. The sscond header 16 of
the plastic material is mounked on the opposite side of the
first heading section 13,

Accordingly, 2 refrigerant may flow through the pipes of
the extruded or injected beat exchanger 17. Since the air
passes through the inside aod oulside of the heat exdnnger
17, & heat exchange between the refrigeran( and air is

! awtomatically performed.

‘e first header §5 roughly comprises a header main hody
30 and a header cap 38 as showa in 11G. 3. The header main
body 30 [urther comprises 2 header tank 23 baving an inlst
tank 19 and an outlet lank 18, @ bracke( 24 [or preventing
distortion of the heat exchanger 17, which is bent in the
shape of o scrpent, and a return tank 25, A refrigerant inlot
pipe 22 and s relfrigerint oullsl pips 21 are extrusion-
molded, respectively, in the inlet tank 19 and the outlet tank

sq 18.Ihe inlet tank 19 i dislinguinbed from the outlet tank 18

45
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&b

by a scpacating plac 20.

Since the boader of thc reftigerator cvnpcmlur accordmg
10 the present ion is b 1 by the
process, ne additional work is required for an airtight scal
betwoen the beader cap 38 and the beat exchanger 17.

KIG. 8 is & view illustrating the manufacturing sieps of a
header of the refrigerator evaporator shown in FIG. 2.

1o other words, manufacture of the header cap 38 is
completed by injecting melied plastic material info the mold
main body 41 wnder the stale of covering the mokd main
body 41 with a cap 42 as shown in FIG. 3. Maaufacturc of
the first header 13 is completed by cngaging the header cop
38 with the boader main body 30, As a couscquence, an
airtight seal can be muintained between the header cap 38
and the heat exchange plate 13.

The sccond header 16 is extruded by the same process as
sbove for manufacturing the fisst header 18 cxcept that the
refrigerant inlet 22 and ontlet 21 are not molded becsuse of
any necessity. ln other wwd.s. the second bending section 14
of the d plastic heat exchanger 17
is m]uwd into Lhe mold muin budy 41, and moled plastic
material iy inseried info the mold maie body 41 under the
siate of covering the mold main body 41 with the mold cap
42 m completc the header cop of the second header 16.

in to the inlet pipe 22, the refrigerant level rises up tot ch
uppes part of the retuen tank 28 causing the sefrigerant to

S Iy, the header cap is cngngcd with the header
main hody (ot il in the 35) 10 iplete the
second header.

US 6,488,080 B2
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FG. 6 is a cross-sectional view of the refrigerator evapo-
rator according fo another cmbodiment of the prescnt invea-
tion. FIG. 6 shows formation of a phuralily of retumn tanks
63-65 in the header mein body 30 by svitably forming
plurlity of sepecating plalzn 71-75 inside of the header wak
and the retnm iank. A & refrigerator cvap
conligured 1o change the low channels of the refrigomnt is
provided thraugh this process.
According (o R pxcfcrmd cmbodiment of the prescat

of a heal with un inks-

gnt:d plastic plue sarves 1o drastically reduce the cost of
g A , which is conven-

tionally of mctal A irsulation of the

present invention proved that aboul 47% of e materisl cost
and about 53% of the mamnfacturing cost of the heat
cxchmgcr according to the prescot invention could be saved
in comparison with the aluminum hest sxchanger.

Furth the i fricndly ige
ovaporator according to the present invention also scrves to
protect the ynvironment owning lo ils notuble recyclubility,
aad has a merit of long dunbility due to non-corrosion.
Madification of any layouts of the mfng.emmr evaporator
nuwrdmg 10 |he preseat mvanuun i8 also easior than the

evaporator compost of & metsl sub

What is claimcd is:

LA
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5. The refrigerator evaporator of claim 4, wherein said
firs{ beadsr [unber includes a return lank.

6. The refrigerator cvaporator of claim 4, wherein said
firs! header further includes a bracket for preventing disior-
tion of tbe heat exchanger.

7. Ve refrigerator evaporator of claim 4, farther com-
prising & plastic socond header cogaged with said bending
section of said heat exchanger.

8. The relrigerator evaporator of claim 7, funiber com-
prising a plastic second header cap iategrally molded
together with said second end of said plastic heat exchanger.

9. The refrigerator cvaporator of claim 4, whorein said
inlet orifice is an inkt pipe, and said outlet orifice is an outlet

15 Pipe.

u

10. "I refrigecator evaporator of claim 4, wherein said
heat cxchanger is bent io a pluralily of “U” shapes so us o
form a scrpentine coafiguration.

11. ‘The refrigerator evaparator of claim 10, wherein said
first beader furthor includes & return tank.

12. 'The refrigerator cvaporator of claim 11, whescin said
lirat beader Turiher includes a bracket lor preventing disior-
tion of the heat oxchanger,

13. "Ihe refrigerator evaporator of claim 12, further com-
prising a plastic sccond header cngaged with said bending
scction of said hcat exchanger.

14. The refm; P of claim 13, further vom-

w heat exchanyer havmg 2 pluruhl.y of pipes lor cil
a refrigerant and a phurality of fias molded in & scrics

of “§” shapes for mechaaically cogaging the pluratity

of pipes;

& first boader positioned af a first bending scction formed
by the beat exchanger molded in a scrics of “8" shapes
and having ar inlet pipe and an outlet pipe for &
refrigerant, the first header comprising a plurality of
inlct tanks, outlo! tanks, retum tanks and brackets for

3 ion of the heat exch and

a secﬂnd header cogaged with a second beading section
positioncd corresponding to the fiest header,

wherein said best exchanger, first beader and sscond
header arc integrated in plastics,

2. The refrigeeator cvaporator of claim 1, whercin said
intet tanks and outlet Lanks are infegrated fanks divided by
at least ono separating plate.

3. The refngerator ovaporator of claim 1, whercin a
rolrigenrant inkst is formext at said inlet lank, and a relrigersnt
outlsl is formed at said outlst bank.

4. Arcfii DA

u plastic beal exchanger having a plurality of plastic pipes
for circulating a Tuid and a plurality of plastic fins
intcreonaceting said plueality of plastic pipes, the heat
cxchanger being bent in at least onc U™ shape so as to
form an inlet/outlet section at a fiest end of said heat
exchanger and abending section at a second end of said
hest cxchanger;

a plastic first header engaged with said inletioutlet section
of said heat exchanger, said fint header including an
inlet tank, an intet orifice, an outlet tank, and an outlet
orifice; and

a plastic first header cap intcgrally molded together with
said first cnd of said plastic beat cxchanger.

g

&

prising a plastic sccond header cap integrally molded
1ngether with said second end of said plastic heat exchaoger.
18. The rofrigerator evaporator of claim 14, wherein said
inlet tank and said outlet tank are divided by a separating
laie.
? 16. The refrigerator evaporator of ¢laim 15, whercia said
inlel orifics is #n inlet pipe, snd 5aid outlet orifice i an outke(

Pipe. X
17. A method of f: ing 4 X 3
comprising the steps of:
forming pipes and fins by mcans of a plastic plac;
manufacluting s hext exchanger by molding said pipes
and fias in a scrica of “S” shapes;
manufacturing a first header cap by inscriing a first
bending section, which is formed by said heat
exchanger maolded in a series of 8™ shapes, into a nwid
main body for mavufacturing a hcader cap, and by
injocting melted plastic material into ssid mold main
body under the state of covering the mokl main body
with a mold cap; and
engaging said list header cap with a finst header main
txxdy having an intet pipe sod an outlel pipe.
18. The method of claim 17, further comprising the siops
of:
manufacturing a second header cap by inscrting a sccond
boodiag scetion of said boat cxchanger into said mold
main body, and by injecting melted plastic materisl into
said mold maia body under the state of covering the
mold main bady with the mold cap; and
engaging said socond header cap with » second hesder
main body.
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1
‘THIN PLASTIC-FILM HEAT EXCHANCER
FOR ABSORPTION CHILLERS

This is a file wrapper continuing application of applica-
fion Ser. No, 08/303,476, liled Sep. 9, 1994, now bereby
abandoned.

BACKGROUND O17 THE INVENTION

1. Fisld of the Invention

‘Fhe present invention is directed t heat exchanger cle-
ments of the type formed by two layers of thin-fiim plastic
material, in which flow passagcs arc formed by the advao-
tageous placement of seams or welds between (he two
layess, for exampie, by heat sealing or ultraranic welding, to
produce a scrpentine passage through the heat exchanger
elomeat. The prosent invention i further directed 10 suck
leat exchanger elements, as may be employed in the field of
absorption heat pump apparatus.

2. Prior Art

Gas-lired abgorption heat puarp apperatvs, particulady
absorption chillers, in order 10 have high enough coefficients
of performance, in order o be eflicisol and compelilive with
prescatly uscd, more conventional cooling apparatus,
1cquire the usc of large arca hcat cxchanger clements, in the
absorber und evaporalor seetions of the heal pump systems.
flowever, with increased size, comes increased weight and
cost. Aconrdingly, alternatives to metal-constmction heat
exchanger clemeonts are being songhi.

Onc altcroative which is being cxplored, is the use of

plastic film heal exchanger elements, in which sach of the

one or mare elements is composed of two sheets of thin
plastic film, which are bound or welded 1o one another, with
serpentine passages formed between the sheets by a pluzatily
of seams or welds lormed by thermal or ultrasonic welds,

Such heat exchanger elements typically will he situated in
& working envi of leas than pheric pressure, in
a vacuum vessel and during operation, are exposed 1o a
continwous parial vacrum. Accordingly, the materiat [rom
which the beat oxchanger cloment is constructed must be
sistanl to croep, particularly since snch heat cxchaoper
clemcats arc intcnded to b long lifespan componcnts
(1020 yoars).

Axn addifional consideration is fhat the plastic material
must be msistanl v the migration 1hrough the maerial of
non-condensable gascs, which may be entrained in the thuid
(typically watcr, or a watcr-based solution). If such gascs
escape through the hcn cxchangee walls into the vacuum
vessel, then the cffi of the in
diminished. Querently kaowa metallic heat exchmgcr ele-
wment based sysiems ‘have scheduled purges of such gases
from heir vacunm vessels st regular inlervals. Accordingly,
it would be desirable to construct a plastic film heat
cxchanger clement which hes a low cnough permeability
such that purges would not be requircd more ofton than with
coaveationally known systemns.

Aplastic-lilm boat exch elemunt is disclosed in May,
US. Pat. No. 4,933,046, in which the heat exchanger
clemcat is uscd as the condenser for a water purifying
systcm. The heat h ciement has p
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Nodds, U.S. Pat. No. 4,693,302, discloses a thin plastic
sheet heat exchaoger element having serpentine fluid pas-
sages [ormed by curvilinear patterns of welds, One embocdi-

ment is made of two films of equal thickness, resulting in
fuid passagos dhul are substaniixlly round in shape. In
#nother embadiment, shocts of unequal thickaess are
employed, which yield fluid passages which are Satienod on
ooe sids.

Plastic film beal exchanger elements cannot operute at the
same kinds ol pressures ihat melal-constructed heat
exchanger clements can. Accordingly, it is desirable 0
inercasc the potential operating pressurc of such heat
exchanger elements. The bewds in the serpenting passage-
ways are generally those portions of the heat exchanger
clements which arc most vadncrable to failure,

Hurthcrmore, since additional sheot material area is nec-
cssary to datc the fluid passag during
manuaclure, il is dificull o avoid the gencration of creases
or folds, in the corners of the bends. Such creases create flow
incfficicncics, and create sics for fatigue and potcntial
faifure, as weli.

Accordingly, it would be dosirablc to provide a plastic
film heat exchanger elemoent which would be subsiantially
free of such creases or folds in the comer regions.

DISCLOSURL OF FHE INVENTION

The present i jon is a hcat of
the type formed from two shects of plastic matecial, and
having a plurality of seams therchetween defining two or
mare liquid-tight passages through the beat exchanger
apparatus, with oue or more furaing regions, cach formed by
an inner, substantistly arcuate seum e an ovler, substan-
Ually arcuate soam, and wherein the one or mors turning
regions conncet the two or more passages, (o definc at least
onc liquid passage through the boat cxchanger apparatus lo
enable a liquid heat-transfer medium to be passed there-
through for transferring heat to or frm the liquid heat-
transfer medium from or to the ambient surroundings of the
heat The further corprises
means [or licilialing resistance w bursling of the passagos
along, the scams, from prossurc excrted by the liquid bheat-
transfor medivm which is operably disposed along the onc of
moum lurning regions.

fo & preforred embodiment of the invention, the mesns for
[acililating resistance lo bussting of the passages comprises
a thickening of the shects of plastic material along the onc
OF IDOXe tuming regions.

In another preferred embodiment of the invention, the two
or more liguki-tight passages sxtend substuntially alongside
one anather and sach passage has 4 predetermined diameter,
the two or more liquid-tight passages being latcrally scpa-
ied from onc another by a predotcrmined distance, and the
mcans for fncmlanng rmsuncc 1o bursting of said pnssagos

iprises the innex, suk y arcuate seam
respective two of the two or more liquid-tight pamea
having #n arc bongth greater than thal of ¢ semicircular urc
baving a diameler equal lo the predelermined spacing
between the respective two of the two or more liquld tight
passages. Al ively, the outer, ially arcuate scam

o
formed Iy thermal welds, which are mlhs!inuﬂly m.hng,n-

lar in plan, and generally circular in cross-section, with
ross-scctional arcas which decrcasc, p ding from an
upper (sieam) portion Lo 8 lower (condensate) wnion.
Tubin, U.S. Pat. No. 4,118,946, discloses a personnc)
cooler, featuring a plastic film beat exchanger element
configured a5 a ves, in which cooling fluids arc disposed.

65

2 respective ™o of the two or moro liquid-tight
passages has an arc leogth greater than a somicircalar arc
having a diameter equal to the sum of the predetermined
spacing between lhc mspccuvc two of morc liquid- ught
passages and the 1 (i of the
two of the two or more liquid-tight passages.

1a still aoother preferred embadiment, the inner, substan-
tially arcuate seam connecting a respective twn of the two or

5,942,508
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more liquid-tight passages has an arc longth greater thaw that
of & scmicircular are having a diameter cqual 1o the prode-
termined spacing botween the respective two of the two or
more ligukl tight puassugos; and the cuter, subsiantially

srcuale seam connecting a respective two of the two or more S

Yiquid-tight passages has an arc lcagth geeater than a semi-
circular arc having s diameler equal W 1o sum of the
predelermined spacing bitween the mspective fwo or more
liquid-tight paasagcs and the predetermined dizmeters of the
respective two of the two or more Liquid-tight passages.

1 oo preferred embodiment of the iavention, at Teast ane
of the shects of plastic film material may be fabricstod from
onc of the following matcrials: PET (sold undor the name
Mylar), PEEK, polysulphone, aylon 6, the malerisl sold
under the pame Celona, the materia} sold under the name
Tedlar (polyvinyl fluoride), the material sold under the name
Tefzel (ETFE) polysthylene, polypropylene, polysiyrene
and PVC. In another embodiment of the invention, at Teast
onc of the sheets of plastic matcerial is & laminate of fwo or
morc fayers of different plastic matcrials which may have the
following layer structure: Mylar/PVDCradhesive/
polyethylone-LVA.

The invention also comprises & methed {or forming a heat
wxchanger apparsius of the type comprising (wo sheets of
plastic material banded together by 2 phueality of seams, and
having two or morc liquid-light gassages therein connceted
by one or more wrning regions, each such lming region
having an inoer, substaially accuate seam and an outer,
substantially arcuate seam, to define at least one liquid

15
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passage path throughi the heat cxebanger to cnable a Bquid

heat-irensfer mediun 0 be passed therethrough for imny-
ferring heat to ar from the liquid heat-transfer medium from
or 1o the ambicnt surroundings of the hcat cxchanger appa-
ratus, In particular, tbe method comprises (he sieps of:
providing lwo shecis of plastic matetial; dslermining at Joast
one desired liguid passage path to be defined in the heat
cxchanger apparatus; bonding the two shects of plastic
material 10 vne anotbwr with a plorality of subsiantially
continuous scams therehetwreen to form two or more liquid-
tight passages through the heat exchzager apparatus, with
one or mors (uminy rogions, cach lomned by s ioner,

cukle scam and 10 ouler, arcusie
acam, the one or nore turning regions coanceting the two nr
morc passages; inflating the heat by

4
TIG. 5 is a sectional elevation of a sheet of compasite
material for fabricating an apparatus according to an slter-
pative cmbodiment.

BUST MODLE FOR CARRYING-OU'T THIU
INVENTION

While the present invenlion is ible o[ embodi
in many dillerent Forms, there is shown in the drawings and
will he described herein in detail, a single preferred

bodi with the that the present disclo-
sure iy (o be considered as an oxemplification of the prin-
c«p]:s of the invention, and m a0t intended 10 limit the

10 the embodi

A prior a1 plastie film heat ¢xchangor clement 10 is
illusirsied in FIG. 1. Two sheets 12 of thio fim plastic
materizl are honded tngether by heat or nltrasonic energy, by
a plurality of rectilincar scams 14. When heat exchanger
element 10 becomes “inflated” by the liquid during use, deep
folds 16 may [orm in the luening regions 18, which roay
affect the fow of the water through the passages 20 formed
by scams 14. Thc squarc, “hairpin” naturc of the turning
regions may lsa lead 10 o wesker uverall beat sxchanger
structure, since the scams 14 in the vicinity of the turning
regions bear preater stress from the flawing, pressurized
water than do (he scams forming the passages 20.

Apaurtion of & heat exchanger ¢lement 30, according 1o the
preacat invention Is iflustrated in 190, 2. 1leat exchanger
clement 30 would also be formed from two shocts, typically
in mirror image to onc anothcr. Scams 32" and 32" crcate the
Now passages 34 comprising siraight parallel portions 34,
and turning regions 38. A typical heat exchanger element 30
wilt have o plunlity of straight runs which arc of uniform
dismeter ¢ snd spucing s, xnd the runs will be substantially
parallel to anc anather. The scams may be formed, except a5

¥ described hereinafter, by koown means of thermally bondiog.

or sceling layers of plastic sheot matcrial.
The aolicipated operational snvi of heat
exchanger element 3 will place considerable pesformance

1 Gdemands on the matcrials from which heat exchanger cle-

ment 38 is made. For cxampk, sincc heat ¢xchanger clement
30 is expscted 1o huve # 10-20 year lifespan, he plastic film
should be from a material which has a eelatively high tensile
sucngth nnd lugh creop rosistance 30 as to reduce the

passing tiquid through the liquid passage path; immersing a
first end of the inflated heat exchanger apparams into water
of sufficiently high temperature 1o cause said plastic material
fo become thermofurmable, s as o move creases which
may have formed i e ooe or more urming n:pmb npun
inflation of the heat exch

a5
lhe mawnul.

and/or [wilure through creep of

in arder (o have an cfficient heat transter surface, the wal)
thickaess of the plastic Blm should be limited to 6 mils or
less, as # genersl considerstion, since plastic materials
typically bave thermal conductivities which are 3 10 4 orders
of o0

sccond, oppositc ¢nd of the inflawed heat exchanger nppna-
tus joto water of sufficicntly high tcmperaturc o cause ssid
plastic material to become thermoformable, 50 as to femave
creases which may have formed in the one or more turning
regions upon inflation of the hcat cxchanger apparatus, so as
(o provide » bent exchanger apparatus substaniially froe of
creases in Lbe one or more turning regions thereof,
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a prior art hest exchanger element;

B3, 2 ix a view of ane tuming region of & heat exchanger
element acconding 10 the present snventioa.

HG. 3 is 2 scctional view of the apparatus, as scen aloog
lines 3—3 of FIG. 2;

11G. 4 is a sectional view of the appacatus, as seen along
lines 4—4 of ¥1G. 2;

55

z

65

less than melals. In addition, the tensile
strength of piastic matcriais is wsually 5 to 30 times less than
even “weaker” molals, such a3 copper of brass.
1 metal heat exchanger clements,

of ()(l pounds per square inch are known. These woald be
pressupes typical of a lower lloor absorption chiller for a
mid- o high-rise building. Such pressures cannot prosenily
be maintained in cfficient plastic film heat exchaoger
cloments, d so such applications canaot be comsidered
reasonable goals for beat exchanger cloments such as in the
preseat invention. {iowever, for smalker insallations, such
as rooftnp units for low rise hulldmgs, and advantageons
fluid circuiting, absolvte p for absorbers and evapo-
rafors can reasonably by kepl in the range of 30 psi.

As discussed clsewherc hereia, unless non-acrated water
is employed in the cooling system, there will be centain
amaunts of axygen and nitrogen dissolved into the water,




5,992,508

5
which, due to the pressure differential across the heat
exchanger clement film, will tead to be driven from the
water and through the lim. Such guses must then by purged
oceasionally from the vacuum vessel for efticient aperation.

Accordingly, an ideal plastic film would have a high
tensile strength, low permeability, high thermal
conductivity, and a resistance 1o crecp under SUoss over
time. An additional characteristic is that the plastic should be
ablc 1o resist attack by the absorbont solution material, at
absorber operating temperatures. For cxample, a typical
absorbeat solution is lithium bromide.

Candidule materinls which have beon contemplated are
the mouerials known #s PET (suld under the nsme Mylar),
PEEK, polysulphone, nylon 6, the materinl soki vnder the
aume Celeon, (he malerial sokl under the nume Tedla
%pEolyViny! fluoride) the matcrial sokd voder the name Tofzcl

, polyethylene, palypropylens, polysty and
PVC. All of thesc matcrials have high tensilc strengths of
over 7000 psl However, B review of aVa\hble published

ility (when
avuhblc), (hcrmal conduetivity, hu\ scnlnb\luy, o, reveals
that thero is go particular correlation betwoen one charac-
teristic and mothcr However, the

b
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A further method of reducing the likelihood of failure in
the tuming regions is to inerease the thickncss of the plastic
sheets, oaly in the aveas of the turming regions. FIG. 3
illusirates u sectional view through siraight llow passage 34,
while ¥I(. 4 illustrates a scctional view in turning region A8,
showing the increascd thickness of the shect matorial.
However, this solulion only is approprinte for heat
exchanger elemenis which are formed um single matssial,
non-faminatc sheets. Laminatc shoct heat exchangers must
rely mpon \heir high-strength layers, and the proviously
duscribed improved luming region construction for failure
resdatance.

Qne potential manufacturing problom which may arisc, a8
previously described, 15 thal vpon “inflation” of the heat
exchanger clement, deep creasea or folds form on the turning
regions. This is a potential problem particularly for stiffer
plastic films, such sk lugh densny polyeihyleoe (HDPE). A
methad for suh g the ion of Lhese
creascs s to fabricatc thc heat cxchanget clement from the
flat film. Then, onc cad of the clement is {mmersed in bot
waler (or other non-reuclive fuid modivm) al a predeer-

have been identificd as bavi bi of ch i
tics which make them candidaics for usc as single marerial
plastic filma.

As an additional possible solution to the nced for a
versatile material, a i fed film is

v

mined while pressucizing the element at a
predeternined pressure. Under the action of the pressure and
heat, the wming regions in the inflated immersed end
becomes thermoformed, amd the creasos are substantially
climinated. Afier cooling of the thermoformed cad, this

contemplated, which would hnw, [or example, al lesst 20
extremely thin high tensile streagth tayer, and a low perme-
ability laycr. A layer having thermal bonding characteristics
might ulso be providul. One possible laminate material is
commercially known as PM300Y, and is made up of the
following layers: Mylar/PVIC/adhesive;polyethylene-
EVA. FIG. 5 is a scctional view of a portion of a compositc
sheet 30, showing the layems of Mylar (31), PVDC (52),
adhesive (83) and polysthylenc-TIVA (54). The material bes
& film thickaess of 2.5 mil, and has an oxygen permeability
of (.49 cubic centimcters per 100 square inches-days-
atmaospheres. A gingle (.325" diameter tube fabricated from
this material has an anticipated burst pressuee of 60 psi, and
t completc cxchanger clement might possibly havo a burst
presssure in ibo range of 20+ pyi, since, as is known, the
uleirpale bursting pressure of a completed heat exchanger
clemncat will typically be far fess than the experimental or
thcorctical pressurc linnt of the matenial, for examplc, as
{ormed into 4 simple single tube, duc the inberon! suscep-
tibility of the scams in the regions of the mrning regions in
the completed ¢lement.

O method of improving the resistasce to bursting in the
compleciod heat cxchanger clement, is to avoid the usc of
“hairpin” turning fegions. Accordingly, in axder o spread
the stresses over a greater leagth of seam, for a given straight
fun tube diameter d, one or both of the inside seam 48, and
outsicle seam 42 in the luming region 38 may be provided

with an arc length grester than thet of a semicircular sre s

having s diameter cqual 1o the specing between the straight
Tums, in the case of an inside scam 40, or of the sum of the
spacing s and the sum of the dismeters d of the two adjacent
straight run passages. ‘This may be accomplished by provid-
ing that scams 40 andior 42 have increased radii of
curvature, and exteod around through yreawr than 180° in
which the ouler seam 42 bus 3 diameler which extenls wider
than the distance betweea scams 32", By constructing the
joside and/or outsidc scams of the wWwruing segions in this
manncy, the stress and pressure which is imposcd on the
turniag, regions is spread out over 2 greater arc length, and
tends to reduce the likelibood of bursting aad seam failure.

a

furc is repeated for the other end of the beat cxchanger
element, w provide a heat exchanger tlement which is
substantially free of creases or folds in the turaing regions,
during operation.

The [oregoing description and drawings merely oxplain
and iltustrate the invention and the inveation is not fimited
thercto except insofar as the apponded claims arc 56 limited,
a8 those skilled in (e art who have the disclosure before
them will be ably W make modifications and variations
therein without departing from the scope of the invention.

We claim:

1. A beat exchanger apparatus comprising:

twa sheetn of plastic material having a plurality of sub-

stantinlly straight passage scams thorebetween defining
Iwo or more substantislly straight liquid passages
through the heat exchanger apparatus, and further
defining, onc or moce turaing regions, cach turming
egion being lomed by an inoer, substuntially arcuats
turning region seam and un outer, subsiantially arcuate
tuming region scam,

the onc or morc turning regions conaccting the (wo or

nors passages, in a substantially continuous manaer, to
define at least one substantially costinkons, aon-
branching liquid conduit through the hest exchanger
apperviuy, each such at least one subsismially
cogntipuous, non-branching liquid conduit having au
intet for permitting cntry of liquid hcat-transfer
medium iato the heat cxchanger apparatus, and an
outlet for permitting the liquid-heat teansfer medium
exit xhc hczn cxchnngcr apparatus, the liquid conduit
nog-
bralthg e I‘mm the inlet 1o he oulst, 1o enable

4 liquid heat-transfer medinm to he passed therethrough

for transferning bheat to or from the liquid heal-transfer

medium from or to the ambicnt swrroundings of the
hoat exchanger apparatus; al

means for facilitating rosistance to bursting of said appa-
natus along the tuming region scams, from pressure
exerted by the lignid heat-transfer medinm, aperably
dispased atong the ane ar mace tuniag regiaas,

5,992,508

7
2. The heat exchanger apparatns acoording to claim 1
whercin the means for facililating resistance to bursting of
3aid pasSAZCS COMPIiSCS:

a thickeniog of the sheets of plastic materia) alang the ane .

Or morc Inmmg ngDm
3. The boal exchanger apparaius according 1o claim 1
whetein Lhe two or more liguid passages extend subrstantially
alongside onc aaother and cach passage hias a predetermined
diamcler,
the two or more liquid pussages being laterally separatod
from onc another by a predetormined distanoc,
the means for facilitating resistance fo bumting of said
passages comprises the inner, substantially arcuate

10

5can conuccling A rospeclive two of the two of more 1

liguid passages having an arc length greater thaa that of
o semiciccular arc having @ diameter cquat to the
predeterminexd spacing between the respective two of
the two or more hiquid passages.

4. The boal exchanger apparatus according o <laim 1
wherein Lbe twao or more liguid passages extend substantialty
alongside onc another and cach passage bas a predetermined
dinmeter, and, the two or more liquid passages being later-
2ty separated from one asother by a pesdetermined distanee,

the mcens for facilitating resistance 1o bursting of said

passages comprises fhe outer, substantially arcuate
seam connecting a respective two of the two or mare
Tiquid passages having an arc length greater than a
scmicircular &re having a diamoter ¢qual to Ibe sum of

the predetermined spucing belween the respective fwo

ar mare liquid passages and the predetermined diam.
cters of the respoctive two of the two or morc liquid

passages, .
5. The heat exchanger apparatus according to claim 1

wherein the two or more liguid passages extend substantially

alongside onc anotticr and cach passage bas a predetcrmined
diametor, and the two ar more liquid passages beiny, lalerally
sepanated from one another by a predelormined distance,
the means for facilitating cesistance 1o bnxs(mg of sxid
passages the inner, arcusle
scam conaecting & respective two of the two or mare
liquid passages having an are leagth greater than that of
» scmicircular arc having & diamcter cqual to the
predelermined spacing betweon the respective two of
the two or more liquid passages; and

tie outes, substantially arcuate scam connecting a respec-
tive two of ihe two or more liquid passages having an
arc length greater than a semiciccular arc having a
diaroster equal 1o the sum of the predetermined spacing
between the respccuw twa of morc liquid passages and
the p of the repective twa of
the lwo or more liquid passeges.

6. 'Ie heat exchaoger apparatus according to claim 1
whetein at Isast ane ol the sheets of plastic flm oaterial is
selected from the group comprising PLT (sold under the
name Mylar), PEEK, polysulphone, nylon 6, Celoan, Tedlar
{polyvinyt fluoride) Tefzel (ETFE), poiyethylene,
polypropylens, polystyrene and PVC.

7. The hexl exchanger apparatus according o claim 1

" wherein at least one of the shects of plastic material is a

Isminate of iwo or more Tayers of dillereat plastic malerials,

8. A heat cxchanger apparatus comprising:

wwo sheets of plastic material having a plurality of passage
seams therchetween defining two ar more liquid pas-
suges through the heul exchanger apparstus, and (urther
delining one or wore tuming regions, cach wrming
region beiog formed by an inper, substantially arcuate
fufning region scom and an onter, substantially arcuate
turning rogion scam,

the onc or morc twraing segions counccting the two ot
morc passages, lo definc at keast onc liquid conduit
1hrough the beat exchanger apparatus fo epable a tquid
heat-transfer medium o be passed therethrough for
transferring heat to or from the liquid heat-teansfer
medium fom or & the ambient syroundings of the
heat exchanger apparatus; and

means for facilitating resitance to bursting of said appa-
ratus along the uming region seams, [rom pressure
sxentex by the ligeid heat-transler mediun, operably
disposed along the ane or more tuming regions,

the at Jeast one of the sheets of plastic matesial being a
laminate of two or mare layers of different plastic
materials,

the laminate of twn or more layers of different plastic
materials having the following layer structure:

Myler/PVDC/adhesive/polyethylcnc-EVA.
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1
PROCESS FOR MAKING A FLASTIC
COUNTERFLOW HEAT KXCHANGER

BACKGROUND O YHE INVENTION

1. Field of The fnvention

"The preseat invention relales to 2 plastic counterflow hieat
cxchanger and morc pnmculmy o & counterfiow heat

h, that i i w0 £ and yel is
efficient and effective.

2. Description Of The Related Art

ive plastic heat are very uscful
because of low munulaciuring cost anyd becavss such heal
exchangers can be curtoay molded 10 fit specific spaces, such
a5 those in crowded, free-standing equipment cabigets com-
monly used o house lelcommunications equipment. In
such equipmeni cabineis, e Buid 1 be cooled iy air from
1 scaled cquipment compartment. The cooling fuid,
typically, is ambicnt air. Henee, the fluids being handicd are
not usually corrosive, nor is high pressure involved.

Most plastic heat exchangen are of the crows flow type as
exemptificd by U.S. Pat. Nos. 4,997,031 and 4,855,685; acd
PCT applications SE82/00393 and 059&03368 Cross ﬂow
heat exchangens ars lypically

H

2
be gained from 2 ideration of the f ing
of the prcfcn'cd cmbodimeats rcad in coru\mcmn with the
accompanying drawings provided hercin.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a diagrammalic isomelric view, parlially broken
away, of a phstn. heat cxghang:r

FIG. 2 levation view of an
cabinel ﬂlu.slm(mg the basic coneept of a heat exchanger fn
such an envimament.

FIG. 3 is a front clevation view of an inncr duct that may
he used in the heat exchanger shown in §1G. 1.

FIG. 415 a sidc clevation view of the inncr duct shown in
FG. 3.

FIG. § is a scctional plan view of the inaer duct shown in
FIGS. 3 and 4 and taken along the line 545 of FIG. 3.

11G. 6 is & plan view of a heat exchanger imilar to that
shows in 11G. 1.

111€s. 7 is a disgrammatic isametcic view of a stack of
inner ducts.

FIG.Bisa pdrtul disgrammatic section view of 2 madi-

puncls or sheets which are stacked u)g:lhcr and which have
small projections on onc of their major surfaccs to spacc one
sheet from the next. The cooled Auid caters from onc side of
the rectanguiar stack and exits from an opposite side. In a
like fashion the cooling fluid enters the stack from a side 9%
degrees removed from the flow of the cooled Huid and exits
thirough an opposite side. The [uid llows sliernseie beiween
sheets, und seals are provided at the comens of the stick fo
scparaic the two fiows. Such scals arc gencraily adequate in
cross flow heat cxchangers,

An example of 2 plastic counterflow heat exchanger is UK
pateat application No. GB 2,158,569, Uowever, ducting to
and from the heat exchanges is not addressed in the appli-
cation even though it i an imporlant consideration in the
design of such unis, Funber, senls (or plastic counlerllow
heat exchangers ace difficult to arrange. Hencs, there in still
a need for cffoctive, cfficient and low cost counterfiow heat
cxchangess.

BRIEF SUMMARY OF THE INVENTION

‘The present invention resohves some of the problems of
the relaicd art by providing a process for forming a plastic
o beat the steps of molding.
L3 plnnhly of inner d\x:m cach duct having larger ead
portions and a smaller middk portion, stacking the inner
ducts on their end portivns whereby spaces exis! arouiil the
mikik portions, forming a seal around each stack ol end
portions, molding an owter duct, and positioning the outer
duct about the stack of inner ducts.

It is an object of the preseat invention to provide a process
for making a plastic counterflow heat exchanger which is
simple, reliablu und inexpensive, Anolher aim of the present
invention is to provide a plastic counterflow heat exchanger
having fow teoling costs. Yet another aspect of the prescat
inveation is to provide a phshc counterflow heat cxchanger
prooess which allows inexpensive custom designs and

for different P ications. Still another
aspect of the prosent invention s to provide a plastic
covaleflow heat exchanger which is very ellicient and
highly effective.
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fied heat

FIG. 9isa me slevation view of mirmor image molids Tor
[orming s inner duct.

F1G. 10 is a front clevation view of mircor image molds
for forming an outer ducl.

116, 11 is & disgrammalic plag view of a stack of inner
ducts disposed in a mold.

FIG. 12 is a disgrammatic plun view of ke inrer ducts of
FIG. 11 after romoval of the mold sed aficr & culting
opcration.

F1G. 13 is a diagrammatic isametric view showing the
stack inner duets being reccived by an open mold.

FIG. 14 i 4 dHagrammatic plan view of a stack of imner
ducts disposed in a seal cup.

FIG. 15 is a diagrammatic plan vicw of the inner ducts
afier cutting of the scal cup and of 2 portion of the fnner
ducts.

FIG. 16 is & disgrammatic sometric viow ol a stack ol
inner ducis having a seal press fitted to the stack.

FIG. 17 is a fron! elevation view of the seal shown in FIG.
16,

I'1G. 18 is a side clevation view of the scal showa in 1108,
16 and 17.

111G. 19 is & diagrammatic isometric view of another
variation of a stack of inncr ducts.

FIG. 20 is 1 fronf elevation view of the innec duct showa
in HIG. 19.

FIG. 21 is a side slevalion view of the inner duct shown
in FIGS. 19 and 20,

FiG. 22 is a plan vicw of the inncr duct shown in FIGS.
19-21.

BLTAILLD DESCRIPIION OF T
INVLNTION
While ihe present invention is open (o various modificd-
tions and alteraative constructioos, the preterned embodi-
ments shown in the drawings will be described herein in
detail. It is understood, however, that there is no intention 10

A more ! of the present i
and ather objects, aspecis, 2ims and advantages thereot will

limit the i jon 1o the particular forms di (n the
cantrary, the intention is 1o cover alf modifications, equiva-
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lent structures and methuds, and ab
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falling within the spirit and scopc of the invention as
sxpressed in the appended claims.

Referring sow 10 FIG. 1, there is illustrated a heat
cxchanger 10 with countcrflowing fiuid paths, onc path to be
cooled and represcnted by an srrow 12 a5 the Nuid entens the
heat exchanger and snother armow 14 ay the cooled tluid exits
the heat exchanger, and a finid path for a fluid doing the
cooling represcnted by an amow 16 for the cooling Auid
entering the heatl exchanger and an arrow 18 for the couling
fuid exiting the heat exchanger. l'or purpases of illustration,
lbe heat cxchanger includes an outer duct 20 which is
geacrally tubular in shapc and & stack 22 of inner ducts, such
15 the ioner ducts 24, 26 snd 28, The stacked inmer ducts are
disposed in an interior chamber 30 formed within the outer
duct. As can be seem, the heat cxchanger 10 is simply
construcied xnd asrraoged although o commercial heat
exchanger will have many more ioner ducts as will be
cxplained below.

As can also be uppru:ixmd, the heat exchangor 10 of the
present i ion s a flow heat exch even
though the caoled fluid path 12, 14 and the cooling finid path
16, 18 begin and ead gencrally porpendicular io esch other,
The cocled flvid puth 12, 14 eslablishes 2 lint direction
represcnted by a phantom line 32. 'The cooling fiuid path 16,
18 is rmprescowed by a curved phantom hine 34 which
diagrammstically may be divided inlo an inkt portion 36, 1
middle portion 38 and an outlet portion 4. During the time
hat the cooling fluid path is in its middle portion, it is
disposcd substantially paralicl to the first direction 32 but
opposike to il In lhis way H counterflow urtangemen! is
created. As already i beat exch:

e more efficient whon comparcd to cross flow hcm
exchangers, ail other varables being equal.

Itis fated that the heat 10 may be used
in an clectrical coclosure or cabinet 30 as shown in dia-
pammalic form in FIG. 2 where the heat excbynger is
Placed in 2 sealed equipment chamber or compariment 52,
A fan 54 draws air to be owled from the companment
larough an inlct vent 56, through the heat cxchanger along
+ downward flow path aod (hea back fo the compariment
through an outlet vent S8, Mcaowhile, coaling air from
owside the cabiact is drawn in by « fan 60 through a vent 62
in #n outer wall of Lhe cabined, and through an inlet vent 64
of the heat exchanger. The air moves along an upwardly
directed flow path through the heat exchanger in a parafiel
but opposite dircetion from the cooled air, and then through
1 heat exchanger oullel venl 66. Therealler, the cooling air
in exhausted through a vent 68 in another ourer wall of the
cabinet. It is noted, that the bem exchanged between the two
1ir Hows Lakes place without fhe cooling or woled air ever
mixing. Thus, (he compartment 52 remains sealed even
though its sir is cooled.

The cooling and cooled fluid flows may move in an
opposite direction from that showa if desired, and the
cooling thid may be represented by the arrows 12, 14 and
the cooled fluid may be represeated by the araws 16, 18.

Referring now to 1S, 3, 4 and 8, anather embodiment
of an inner duct is shown in more detail. ‘Uhe duct 25 is 2
curved conduit forming a fuid presaye with end portions 80,
82 anxd a middle portion 84. To belp understand the relalive
dimwe nsions of the duct, the vertical distance of the inner duct
o FEG. 3 is defined as the fength, the horizontal distance is
defined as the width and the vertical distance ip FIG. § is
defined as the deplh. §t is quite apparcnt that the depth
dimension of the end portions 80, 82 is about twice the depth
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of most of the middle portian 84. Also, the upper
and lower surfaces 86, 88, 90 and 92, UG, §, of the end
portions are plapar. This configuration allows the inner ducts
(0 b atacked on the planar end portions as shown in FIGS.
6 and 7. When this is done, e end portions present » large
arcu inlel 94 and a similar lurgs area oudtet 96 to the flow of
{inid, such as the cooling air 16, 18,

The passage for fluid formed within the inner duct iz
initially gencrally horizontal through the infct end portion 82
as shown in FIG. 3, then generally vertical through the
midlle poriion 84 and then genrally horizonual again
through the outlet ¢nd portion 89, As cen be readily
approcisicd, the iolct and outlet flow paths of the inner duct
ure genorally perpendiculsr to the fluw peth through the
middle portion of the duct. ‘This feature allowa the flow path
thiough the middle porticn 84 of the innor duct to be
approximatcly paralfel to the dircction 32, FIG. 1, of the
Hlow path through the outsr duct. It i 10 be undenstood that
the specific design of the inner and outer ducts may be varied
from what is shown dc pending upon the availability of spacc
ot the specific geomctry of the intended enclosure.

The inacr duct 25 may also include projocting ribs 81, 83,
85 on one side of the middls portion 84 and xnother set of
projecting ribs 87, 89, 91 on the opposite side of the middie
portion. These ribs strengthon the walls of the inncr duct,
provent flexing due 10 »ir pressure, may be nsed to optimize
Rirflow (s a8 o eliminate dead spotx) and provide additiona}
surfaces 1o contact an adjacent inner duct when stacked as
shown in FIG. 6. The ribs also increase the surface arca
between air llows which ephances heat trspsfer. I is ta be
aoted thet the inner ducts 24, 26, 24, FIG. 1, are a slightly
different embodiment from inner duct 28 in that no project-
ing ribs arc formed. Hence, it is understood that morc or loss
¢ibs may be used, or aooe at all. Also, the shape of the cibs
may he varied without depariing from the present inveation.

Referring now ta FIGS. 6 and 7, three inner ducts 28,27
and 29 arc shown in a stacked dispasition. When this is
doac, the larger cod portions casurc that there is a space 10
each side of the middke portion snch as the space (00
between the inner ducts 28 and 27 and the space 102
between the inncr ducts 27 and 29, ‘Ihere arc also top and
botivm spaces 104, 106 between the inner duct 28 and the
ouler ducl 24 and ihe innor duct 29 and the outer duct 20,
respectively, These spaces form fluid passageways within
the outer duct, where the passageways arc coincident with
the spaces 100, 102, 184 and 466, To ensure that ibere is no
leakage of the cnoled air flow passing through the outer duct
and between the inoer ducts, oor nixlag of the cooled air and
the cooling 4ir, 8 liest seal 110 is provided around the Llirst
ent portions of the stacked inoer ducts and » second seat §12
is provided around the second cnd portions of the stacked
inner duets. The fluid passages for the oooling air (or cooled
air) may begin at the inlet cod portions 94 of the stacked
inner ducts, continue through the middle porions and
exhaust through the stscked nutlet end portions 96. the fhid
passageways [or the cooled #ir (or cooling air) are fuormed by
the sprces betwesn she middle porlions of the inner ducts
inboard of the two scals 110, 112, {a practice thees will be
aumcrous inncr ducts within & singlc outer duct and not just
the thre or four shown here for illustrative purposcs. The
large aumber of inner ducts results in a lage number of fiuid
passageways. 1n turn, this increases the amount of janer duct
surfacc arca between the two fluids and cahances heat
trunsfer between them.

Referring now 1o FIG. 8, yet soother cmbodiment of the
inner duct is shown. ‘e inver duct 103 iocludes upper
projecting rib 103 and lower projecting rib 105. toboard of
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these projecting ribs are reczding tibs, upper receding rib
107 and lower receding rib 108, The receding ribs may be
used 1o strengthcn the mncr dact and to provide regions of
wobs [or aitachment, such as by welding. For exampl, an
upper half 111 of the inner duct may be welded to 2 Towear
half 113 of the inner duct at the receding ribs 107,109. this
may be done lo enhance the welds made along wpper
peripheral lip 115 end lower peripheral lip 117 of the innse
duct balves. Greater strength of the walls and of the welds
may be requircd if the pressure of the fSowing air is
increased. Again, (be inner ducts of FIG. 8 are siacked
within the outer duct 20.

The inner ducts may be incxpensively msmufactured using
a pair of mirror mngs muklp lZIL 122 FIG 9, und 3 bluw
molding or
well known to those skilled fo the an, by hkc meancr, thc
outer duct 28 may be mede inexpensively using @ pair of
mirror image molds 134, 132, FIG. 16, and a blow molding
ot thermoforming technique. The inoer and outer ducts may
be split ewenly so that the molds arc identical cxecpt for
ogentation. Refeming (o FIG. 1, the Iwo halves 140, 142 of
the auter duct are clearly shown. ‘the same i true of the twe
halves 144, 146 of the inner duct 28 as shown ia I1G. 4.

Each of the duct balves may include 8 peripberal lip, such
as the lip 130, 11G. 9 and the lip 152, 141G, 10. As mentioned,
these arc used to attach the duct batves together such as by
vlirssonic welding or pethaps by an adbesive. These attach-
ment techniques are also well knowan by those skilled in the
art. Wall thickneases for both the inner ducts and the outer

10

A

duct arc within the range of 0.010 to 0,020 inches and a ™

thermoplasic plastic materixl, such us polycarbonate may be
used for both ducts. bess expensive plastics may alsa be
uscd but other characteristics of such plastics may not nacet
customer requirsmaents {or use in outdoor euipmeni cabi-
nels, Undor some circimstances, a heat conduclive resin
may he desirable, and it may be desirablke to use an injection
molding technique far forming the ducts,

‘the actual size of a heat exchanger for an equipment

35

cabinet may fall within the approximate dimeasions af thity

inctes in length, cighteca inches in width and six inches in
depth, Also » heat exchapgsr may includs thirty W sixty
inner ducts within one outer ducl.

Refering now to FIGS, 11, 12, amd 13, one process for
forming the seals sbout the end portions of the inner ducts
is fllustrated. A stack of four inner ducts 168, 162, 164, 166
arc placed adjoining onc another. 1t is to be noted that the
cnd portions 170, 172, 174, 176, respectively, of the four
ducts are initially sealed. ‘1hie end portians are formed with
petipheral lips 180, 182, 184, 1R6, 188, 190, 192 10d 194,
sespectively. After the moldsd halves of the inner ducls ane
sealed toguther, the first end portions are pliced into a mold
200. ‘Thoreafier, a castable sdhesive scalant 202 is placed
into the mold such as by pouring. After the scalant hardens,
the mold, which may be in two batves 204, 206, is removed.
A“cut line” i established, such as represented in FIG. 11 by
the horizontal phantom Sine 210 and a pan of the end portion
is romoved. By nitiadly closing the end portions, a molding
procedurns muy be used without cavsing any blockaye of the
dueis. The cut opens the end portions, and thereby the ducts,
whilc maintaining the scal 212 as shown in FiG. 12. Molds
and castabk: adhcsive scalanis arc well known by those
skifled in the arl.

A variation of the process is shown in FIGS. 14 and 15,
Iasicad of a mold, a scal cup 228 is used 10 receive Four cnd
portions 222, 224, 226, 228 of four stacked inner ducts 230,
232, 234, 236, respectively. A castable adhesive scalant 240

a5
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is poured into the cup and then the sealant is allawed to cuce.
A cut linc, eprescated by the pbantom line 242, is estab-
lished and a cut is medc to open the ducts and form the
geomelry shown in FIG. 15, The rematns of the seat cup are
then removed and a seal 244 remains around the stacked
inmcr duct cod portions.

FIGS. 16, 17 and 18 illustrate yol #notber varislion of
forming a seal around the end portions of a stacked group of
inner ducts. As shown in FIG. 16, four cnd postions 250,
252, 284, 256 of inner ducis are stacked, und 2 seal 260 is
foroe fitted over and zround the stacked inner ducts. In this
situation, there may be no noed to seal the ¢nds of the inner
ducts nor is there a need for a cutting step. The scal itsclf
may be [ormed from #n cxtrusion that has besn cut o the
desired thickness. Lither variation, molding the seal or press
fmmg ih» scalis a relatively incxpensive pmccdurc in which

p clements ars smployed.

Refercoce is now made to MGS. 19-22. fhere is illus-
trated still another variation of an inner duct 270 having &
middle portion 272 and Iwo end porlions, an inlel end
portian 274 and an autlet cad portion 276. As with the IIGS.
1 and 3 vaciations, the end portions have a greater depth than
the middle porfion (v alkw the inner dicts 1o be stacked one
upoun Lhe ofher while providing a space between two adja-
coat inner ducis and between the end inner ducts and the
outer duct. This is shown in FIG. 19, where fonr inne ducts
270, 280, 282, 284 ar siacked and where the slack has
surrounding scals 290, 292 ahout the end portions of the
inner ducts. Ap outer duct {not shawn) is formed about the
stack to form a passageway for cooling fluid flow whilc the
cooled Buid Huw passes through the inner ducts. It is o be
noted that the outer duct may be farmed by portions of the
cabinct or an cnclosure if desired or if suggested by design
constraints. Ths, inner walks of the enclosue may be used
as the ouer duct,

An important featurc of the inner duct 270 is that the inlet
end pontion 274 and the outlel end portion 276 form wilh the
middle portion 272 a relatively straight flow path or passage
277 shown in broken tine. Also, the armangement of the inner
ducts, when stacked, continucs 1o cxhibit a cclatively straight
Llow path or passugeway 279 shown in brokea line. Xt can be
seen that the counerflows are roughly parallel atong the
cntirc heat cxchanger. This is contrasted to the FIGS. 1 and
3 veristioos where o inlel #nd outlet flow paths are
yenerally perpendicular o the flow pathy eround ihe middle
portions.

To illustrate the flow paths of the FIGS. 19-23 variation,
seference is made to VIG. 19 where the inlet cooled fluid
path is represented by the acrow 306, the outlet cooled fluid
path is represenied by the arrow 302, the inlet cooling fuid
path Is reprusenled by (be srrow 304 and the sullel cooling
ftuid path is eprescated by the srrow 306. Ource agaio, these
paths may be reversed and the cooled fluid and cooling fluid
flow paths ¢xchanged.

The specification describes in detail several conbodiments
or variations of the prescat invention. Other modifications.
and variations will, under the doctrine of equivalents, come
within the acope of the appended claims. 'or cxample, the
hatves of the ducts may e scaled withont use of the fips. O,
the ducis may be molded ss a single piece Tollowed by 2
lnmmmg step. Sives uml shapes may also vary. Al ol ihese

Still other altecaaty
wﬂl also be cqulvalom as will many new lochnolngws There
is no desirc or intention bore fo limit in agy way the
application of the doctrine of cquivalents.

What is claimed is:
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1. A process for forming an inexpensive plastic counter-
Bow heat for cati i cabi-
ncts comprising the steps of:

providing a fimt thermoform mold of geometry predeter-
5

mincd {0 be accommodated by an cquipment cabinet;

molding in said first mold a plurality of ducts having a
first structure, cach duct of said first structured ducts
having enlarged opposite end portions and & smaller
cross sectional middle portion,

said end portions of said first structured ducts having !

outer surfaces and closcd cads and being offsct from
ons another,

cach middle portion of snid first structured ducts having
owier surfaces, interior space for Suid fiow and protru-
sions exlending away from said ouler surfaces;

forming a stack with oppositc cnd portions from a plu-
rality of said first structurcd ducts by abatting outer
surfaces of end portions and protrusions of adjacent
first structured ducts wherein fluid flow space is formed
beiween outer surfaces of snid middie portions of said
abutling adjucent first sinrctorud ducls, saidl process 5ot
including bonding said abutting adjacent first struc-
tured ducts;

providing sealant molds Lot Iorming 4 s¢al sround each of
said oppositc cnd portions of said stack of said pluratity
of abutting first structured ducts;

providing a castable scalant material;

placing onc end portion of said stack of said plurality of

ahulting first structured ducts into one ol said sealant
molds

placing some of said castable scalant material into said
one of said sealant mokds and around said closed ends

of said ose end portion of said atack of said placatity of 4

abutting first stuctured ducts;

curing ss4id sealanl;

cutting away a portion of said oue of said sealant molds,
a portion of skl sealunt and ssid closed spds of said
one i portion ol said sbutting ficst steuctured ducls to
cxposc said intcrior spaces of said middle portions of
said abutting first structured ducts;

placing the ather end portion of said stack of said pturality
of abuting flrst structured ducts into another onc of
said scalant molds;

5

8

placing some of said castable sealant material into said
anvther om ol said sealant molds axi around said
closed ends of said other end portion of suid stuck of
said plurality of wbniting lirst structred ducts;

curing sakl scalant;

cutting away a partian of said another one of said sealant
molds, & portion of ssid sealant and sail closed ends of
saidd other end portion of suid sbulling lirst structred
ducts lo expose said interior spaces of said middle
portivns of said abutting lirst struciured ducis;

praviding » secowmd thermoform mold of yeomerry prede-
fermined 1o be accommextated by said equipmenl cabi-
et

forming in said second thermolorm mold a duct baving a
sceond structure; and

cnclosing with said sccond structured duct, said middle
porticns und (be remaining sealani arourd suid ouler
surfaces of said opposite end portions of said stack of
said abutting first structured ducts wherein two differ-
cat fluid flow paths are formed, a first path through the
interior spaces of said middlc portions of said abutting
firs structused ducts and a second path within said
second structured duct and between outer surfaces of
said middle portions of said abutting first structured
ducts,

2. The processes claimed in claim 1 wherein:

Tomming said second strvctured duet indudes the sieps of
providing # lirst duct mold part for forming a porion of
said second strucnired duct and providing a second duct
mold ant for forming another portion of said secoad
structured duct.

3. The process #s claimed in claim 1 wherein:

said first mold includes wo mold parts which are mirror
images of one another.

4. The process as claimed in claim 1 wherein:

each of said lirst structured ducts includes a peripheral lip
for closing said cods of said cnd portions.

8. The process uy claimed o daim 1 whorein:

said seal mold is « soal cup.

P )
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damaged portion with an acrylic resin adbesive material, A
cerwin arve around (he damaged pottion is pressed down o
form a cup-shaped depressed partion. ‘The adhesive material
is supplicd to the deprossed portion 50 that it is reixined
therein. Then, (be adhesive materiel is barcdaned by curing it
undor the room wmperature. The hardened adbesive mate-
rigl campletely closes the hale with a sufficient thickness and
steength beesuse it i rotained in the depressed portion. The
adbesive material is cured in a relatively short time becyuse
the acrylic resin is used as the adbesive material.
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1
METHOD OF REPAIRING ALUMINUM
HEAY EXCHANGER

CROSS-REFERENCE TO RELATED
APPLICATION

This application is bascd upon and claims bencfit of
prierity of Japansse Patent Application No. Hei-11-262956
fiked on Sep. 17, 1994, the content of which s incomporated
herein by reference.

BACKGROUND OF THE INVENTION

1. ieM of the Investion

The prescot jnvention relates to a method of repairing &
heat exchaager, such as a radiator for cooling an internal

ion engine, a di for an il

airconditioner, or & heater core, 2and more particulacly to &
method of closing & hole i # damaged portion of ¥n
sluminum heal exchanger.

2. Description of Related Ant

Aluminum heat exchangers are getting predominantly
used in recent automobiles in place of copper heat cxchang-
ors. The copper heat cxchangors can be repaired by soldering
with a gns boroer or the like, but the aluminum hest
exchangers cannot be repaired by such a manner hecause the
mehing point of alumioum is low. Accordingly, a hole
formed in a damuyed sleminum heat exchanger cors is
nually repaired by closing the hole with an epoxy-resin-
type adhesive material.

However, it takes & considerably long time to repyir the
damaged core with the epoxy-resin-type adhesive material
because & opg time, ¢.4., two or three bours, is required o

€
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When such a radiator is damaged, a hole is formed thmugh
a wall of the tube, and the coolant leaks out form the hole.

A certain area around the damaged portion including the
tole is pressed down o form a cup-shaped depressed
porttion. The size of the depresscd portion is made suffi-
ciently large, preferably with the diameter of 2~20 fimes the
size of the hole and with the depth of 1-8 mm. The
depressed portion is degreased, washed and dried, and then
an adbesive matcrial composcd of scrylic resin and a bard-
ener is supplied o the depressed porlion. The adhesive
matzrial cetained in the deprossed portion is cured for about
20 minutes ander the room temperature. Thus, the hole in the
damage portion is closed with the hardencd adiiesive mate-
mal.

Since the adbesive matcrial is rotained in the depressed
portion whilk it is being cured and is partly impregnated into
the corrugated fins, the adbesive malerisl baving a sullicient
thicknoss firmly sticks 1o the damagod portion without being
pecled off aftcrwards. Sincc the acrylic resin is uscd as the
wdbosive malerial, it is guickly cured under ibe room wm-
perature without using & high temperature avea.

The repairing mcthod according to the prescnt inveation
is applicable ant only to the aluminum radiators but to other

i heat exchangers such as or heater
cores used in automotive air-conditioners.

Other objects and features of the present invention will
hecome more readily apparent from a better understanding
of the prefrred i deseribed below with refe
1o the folowing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view showing an aluminum heal

<ure the ¢poxy resin under the room tcmp The time
Fequired for curing the epoxy resin can be shartened if a high
femperatuce aven is vsed. In this case, however, it is aece
cssary (o provide & costly high tcmperatiuc oven for the
repuiring purposs.

Further, the conventional repair work has not been suffi-
ciently complete because the alumipum heat sxchanger is
Teprired under u mothod as shuwn in FIGS, 4A and 4B, Thay
i, the epoxy-resin-fype adhesive maierial 101 is direcily
coated on & damaged alumioum tube 102 to closc a holc 163
formed therein, and then the adhesive material is curcd.
Therefare, the adhesive materiat fows over the vicinity of
the hole 103, thereby making the coated layer thia. ‘The hole
103 is not completely closed, or the once coated adbsive
malerial wnds 0 be peeled off in 2 shorf time.

SUMMARY OF 111 INVENTION

The prosent invention has been mmde in view of the
above-meationed problems, and an object of the prescat
invention is 1o provide an improved method of repairing the

i heat exchanger, and more icutarty to provide
such u melhod under which a qualily repair work is per-
formed in a short lime without using a coelly high lcmpen-
ure oven,

When a0 alumi heat such as zn
radiator is damaged for some reason and liquid coolant
contained therein leaks out from a dumsged povtion, ihe
dumuged portion is repaired under the method sceording (o
the present inveation. 'The radiator is composed of upper and
lowcr tanks, ptural tubes connceting both lanks and corru-
gated flns disposcd between neighboring tubes, All of thosc

p are made of an i alloy and brazed in a
furnace to conaect all the components into a single unit.

3
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FIG. 2Ais 4 purtial front view showing s damaged portion
of a heat exchanger tube and a depressed portion formed for
repaining the damaged portion;

FIG. 213 in a crossesectional view showing the depressed
portion, taken 2kong 2 line HB-—I11 in MG, 2A;

TG, 2C is 2 perspective view showing the damage
portion on a heat exchanger core;

FIG. 3A is a partia front vicw showing a repaired portion
with an adbesive material {illing the depresscd portion;

FIG. 3B is a crossscctional view sbowing the sepaired
portion, wken along a line MB-—IIB in FIG. 3A;

171G, 3C is a perspective view slowing the rcpaired
portion;

19165, 4A s a partial front view showing a portion repaired
under a conveational method; and

FIG. 4B i # cross-sectiopal view showing (b conven-
tivual repaired portion, taken eloag a tine IVB—IVD in MG,
4A.

DETAILED DESCRIMFION OF THE
PREFERRED EMBODIMENT

A preforred embodiment the present invention will be
described with reference to 1GS. 1-3C. First, referring to
11G. 1, the structuce of a heat exchanger o which the
repairing meod of the presont invention is applied will be
deseribed, The aluminum heat exchanger 1 shown in FIG. 1
is used as a radiator for cooling an internal combustion
cngine of an avlomobile vobick. The aluminum heat

lisa ional radiator d of & lower
ok 2, an upper tank 3 and a heat cxchange core 18 having
plural tubes 4 and plural corrugated fins 5. ‘The tubes 4
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connect the upper tank 3 and the lower tank 2, aod the
corrugated fins 5 arc disposcd between neighboring wbes,
The tubes 4 and the cormgated fincs $ arc alicately
laminxied and brazed (ogether, oming the core 10,

‘Fhe Yower and upper tanks 2, 3 are respectively formed
into an clongate cup-shape by pressing an alumioum alloy
Plate. An outlel pips 6 is conpectsd 16 # side of the Jower
tank 2, and an intel pipe 7 is conneeled 10 2 side of the upper
tank 3. Asupply pipe 9 for supplying additional contant inta
the radiator 1 is also connecicd on the upper tank 3. A cap
8 huving a prevsure valve and a negative pressure valve is
remavably disposed to clase an apening of the supply pipe
9.

The mbc 4 having a ﬂm-oval Cross-section IS formed, by
p k, from an sl alloy plate ing alumi-
i as n main component. The cormgaled fin 5 is formed
into a wave-shape, by roller- wo(k from the simitar alumi-
num & oy plste 25 2 main
Luuvers {not shown) an: Tormed on the corrugated fin § for

iniag a high heat exchangs

A bolh sides of the core 10, side plates 11 are disposed
to increase the mechanical strength of the corc 18 and to
serve as hrackets for mounting the radiator on a vehicle, Iiot
coolant fed into the upper wank 3 from the eagine Rows dowa

s

10
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to the lower tank 2 through the tubes 4 snd is supplicd again 2

{0 ibe engine. The hot coulant is cooled down in the radiator
1, while it flows down from the upper tank 3 ta the lower
tank 2, by exchanging heat between the coolant and cooling
air flowing through the radiator in the dircction porpendicu-
{ar 1o the Oat surface thersol.

Reterring 10 1IGS. 2A4-3C, a method of repairing the
damaged porttion of the sluminum core 10 of the heat
exchanger 1 will be described. The 2luminum heat
exchanger 1, such as 2 radiator used for cooling the engine

or a condeaser used in the airconditioning system, is

mounted on an artomobilc vehicle at & place whero cooling
air iy easily supplied ihercto. Therefore, gravels or smalt
stoaes rolled up by vehicle wheels may hit the aluminum
core 10, and thereby the core may be damaged and a hale
may bo formed in the mbce 4 of the aluminum corc 19, The
aluminum core 10 muy be damaged by other causes, for
exampdle, the core may be accidentally hit with a tool while
the parts in the engine compartment arc being repaired.

‘When the sluminum core 10 is damaged and the coolant
in the heat exchanger leaks out, the atuminum core has ta he
repaired. I'irst, & portion of the care 10 arund the damaged
portiou 14, i.¢., # holc formed in the wbc 4, is deformed by
hitting with g hammer or the like to Jorm a depressed portion
13, ax shown in FIGS. 2A and 2B, The depressed portion 18
is formed, so that the dismeter “A” thercof bocomes in o
range of 2-20 times the dlametor of the hole 14 and the depth
“B” thersol becomes in a range of 1-8 mm.

A perspective view of the depressed portion 14 thus
tormed is shown in IG5, 2C. e aluminum corrugated fins
8 arouwad the hole 14 sarc beat down and Qatiened to form o
cup-shaped depressed portion 18. The cup-shaped depressed
portioa 15 is so made that the acrylic-resin-type adhbesive
material is retained thercin whilc the adbcsive maicrial is
being cured. The size of the depressed postion 18 bas (o be
sufticiontly large to socure a certain thickness and an adhe-
sive surface area of ibe adhesive material and tn prevent the
adbesive materisl from being pealed off.

After the depressed portion 15 s fonned, the alumioum
corc 10 is dogreascd with alcobol, and then it is washed and
dried under the mom temperature. ‘Fhen, the acrylic-resin-
type adbesive material 13, which is coptained in 2 capsnle in

a5

S0

58

L

I3

4

a form of paste, is supplied W the depressed portion 18, as
shown in FIGS. 3A and 3B. The supplicd adbesive material
13 is rctained in the depressed portion 13, and some part
thereol iy impragaated into the corrugated fins § as shown in
11G. 38 "Ihe adhesive material 13 is supplied so that the
depth “C” of the impregnation measured from the surface of
e core 10 becomes deepor than, ¢.g., 5 mm. To supply the
adthesive maisrial 13 w the depressed portion 18, the capsule
containing the adhesive matcrial may be sot 10 a machine for
injecting the adhesive matcrial.

“Ihe adhesive material 13 retained in the depressed portion
15 and imprognated into the corrugated fins § is curcd under
the mom temperature for a predetermined period, c.g., for
about 20 minuies. The hardened adhesive material 13 firmly
closes the hole 14, and thus the repair work is completed.
The rcason why the acryltic-type resin is uscd as the adhesive
materisl in place of ¥ conventional epoxy-iype resin is that
the nerylic resin can be hurdoned under the room femperas
fure in a shoner period. The adhesive matcrat 13 includes a
hardencr in addition to the acrylic4ype resia as the main
composent, FIG. 3C shows a perspoctive view of the pottion
repaired under the above-described method.

The dumayed purlmn of the alyminum core 10 cun be
repaired without rz:mavwg the lower amd upper tanks 2, 3
from the core 18 in the ahove-described manner.
Altcroatively, the demaged corc 10 can be repaired after
remuoving (he (anks therefrom,

Since the acrylic-type resin is used as the adiksive
material 13, the adhesive material is hardened jn a short
period of sbout 20 minuics under the room lcmperatare
wlhon! using » high lempersture oven. Accardingly, ihe
repair work is completed within about 30 minutes including
the work for forming the depressed portion 18 around the
damaged portion 14. Since the depressed portion 18 is
formed before the adhesive materiat is supplied 10 Lhe
damaged portion 14, the adhesive material is retaived in the
depressed portion 15 while it is being cured, and accordingly
u required thickness of the adhesive malerial is secured.
Therelore, the hols 14 can be completely closed with the
adhesive material. Siave the adhiesive material 13 is impreg-
nated into the corrugated fins 5 arouad the damaged portion
14 with a4 certain depth, 4., 5 mm, the adhesive matwrial 13
is prevented from being peeled off after it is hacdened. The
damaged aluminum coro 18 is completely ropaired under the
mothod of the prescat invention without causing the coolant
leakage again siter the repair work.

‘Though the repairing method of the present invention is
applicd to the radiator in the above cmbediment, it is of
course eppli to other ahumil heat cxch incfud-
ing a condenser and a heater vare for nse in an air-
conditioning system. ‘Though one hale of the damaged
portion is repaircd in the above embodiment, two or more
holes cag be repuired in the ssme munner. Also, if there are
pleral holes close ta ane another, it i possible W make a
deprossed portion covering those holes and to repair the core
in the same manncr as described above,

The conventional epoxy-lype resin may be usable in the
repair method of the preseat inveation though it requtires a
longer time or a higher tempenatuce to cure the same.
Thermoseting or thetmoplastic resiy other than the acrylic
resin may be wsed in the repair method of the proseot
inveation, as long as they have characteristics suitablo to the
[CpRir work.

While the prescat invention has boen showm and
described with reference w the foregoing preferred
embodimeat, it will be apparent to those skilted o the art
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- that changes in form and detail may be inade therein without

departing from the scope of the igvention as deofined in the
appended claims.
What is claimed is:

1. A method of repaicing a damaged portinn of an alumi- s

nunt heat the heat compris-
ing u core having » plurality of tubes and a plurality of
corrugated fins, both the tubes and the [ins being aliernately
laminaicd on anc another forming the core, the core being
adapted 10 allow cooling air to flow thercthrough, the
method comprising:

forming a cup-shaped depressed portion around the dam-
aged portion by pressing down the corrugated fins; and
filling the cup-shaped depreased portion and its vicinity
with an adhesive material o that the adhesive material

i rolained within the cup-shaped depressed portion.

2. The repairing niethad as in claim 1, wherein:

the avbesive materal is composed of acrylic resin and 8
hardcacr.

3. the repairing methnd as in claim 1, whercin:

the i heal exch; is an l radialor for
coaling an inicroal combustion cogine.

4. The repairing method as in claim 2, wherein:

the cup-shaped depressed portion is formed with a diam-
cter in & range of 2-20 times the damaged portion and
with a depth in a range of 1-8 mm.

8. The repairing method as in cleim 1, wherein:

the damaged portion is 2 hole formed through 2 wall of the
tube.
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ANTIFOULING SYSTEM FOR STRUCTURE fouling silicone paints is reduced in still seawater. Due to the
EXPOSED TO SKAWATER AND HEAT above disadvantages, aatifouling silicone paints have not
EXCHANGER been provalently applicd to practical uscs.
JP-18 (Kakoku) Na. llei (1-46595 discloses another anti-
5 fouling method. In this metbod, & film of an clecirical
BACKGROUND OF THE INVENTION catalyst, such as a mixed crystal of platinum group melals or
40 1. Ficld of the Inveation s mixiure of such a mixed crystal and oxides of such
i i ed on c-
? b+ L~ ‘the present invention relaies to an antifouling system for ‘:J::u :]Tnﬁ::p v?::::‘ ;:5 scf:;mmr ?sucltcaiggd&u‘:fi:xc
g marine i from hil 10 10 electrical . do 1o sulicient
Y - B S o st o » s o 1y " el e oyt i v
/7 41 seawiler. Moce P“m""l.my‘ e present mvl«mmu relates lo adhcsion of organisres living in waler to and the deposition
12 an antifouling sysiem including an clectrical catalyst coat of scalcs on the surfaces of the structunsl mombers are
/ \ formcd on a surface, cxposed to scawaler, of  structurc, and suppressed
capable of generating OXygen 1o prcvent marinG Organisms js T - .
N g et vt s sl e e i
Iy “ ys 5 & 04 slrug
/] 1 5 2. Description of the Reloted Art metmbers, which are immensed in waler of scawaler 2y an
/ 20 Mussels, barnacles, hydrozoan and the Tike (hercinaller, snode. ‘Thus, metabic membees of a heat exchanger cletzi-
referred to inclusively as “marinc organisms™) attach them- cally connccted to the ttanium structural members, such as
3 1 scives 1o the nlet and the outlet tube plate supporting heat ' membors of the watsr box amxd water tubss wually formed of
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transfer fubus ol a beal exchangor insialled in a power plant
using seawater as cooling water. ‘These marine organisms
clog end parts of the heat trapsfer tubes to obstauct the
inserlion of cleaning swabs in thy heat transfor whes and/or
cover {he innet surface of the heat trunsler tbes. Therolons,
the power plant is unavoidably subject to frequent shutdown
for work to rcmove the mafine organisms from the heat
transfer tubes. Those marine organisms are more fikely to
attach themselves 10 titanium tube plates and titanium heat
transfer tubes, which are cormeion resiataat in seawater, than
(o sltach themselves to twbe plates and heal transfer pipes
which are made of copper alloys.

Larval marine organisms pass through a straincr to pea-

EY

steels and lined with rabber, are subject to anodic loading.
‘Therefore, if a part of the rubber liniag should be acciden-
taily broken, a current (ows through a part of the steel
member comesponding fo (e broken pan of be rubber
lining and the sieel member is corrdecd abnormally.

This known antifouling mcthod subjccts 3 structurc hav-
ing structural members coated with the flim of the clectrical
cazalyst to an clectric resisiance hcuing process 1o heat the

ata in the range of 350 1o
450“ C. for scveral hours to acuvntc the cleetrical catalyst.
Such a healing process is possible 1o damage (he siruciure
and costly and heoce this known antifaating method bas not
becn prevalently applicd to practical uses,

" eirale inlo a rubberdined steel waler box of ihe heal G
! Generally, only the heat transfor fubes and the tube plates.
! 1 exchanger. They adhors 10 the rubber-liner of the sisel water * ara uuuﬁ hn)&,mhmw are formed of titwnium, drl:d the
! ”&"- ?-“‘wf‘gz:"l:;n"‘ff i:‘;c"'f thersfram. ‘This rsult v gy, the water box, the ﬁumﬂy pipes for mrrymg seawater
<clogging o ster S. 10 the heat exch: and the disch ipes for discharg.
4 1 b Yior the purposc of exierminating those marine ing seawater inlo the soa are formed of alcel& Smw the steel
1b and preventing marine organiana from attacliny, themaclves o waler box, the siecl soawator supply pipos and the stosl
1 1o the tubcs (ic., ifouling”), various arc takea. harge pipes arc ¢l to the titapium
’ Such measures include: pouning chlonme or a chlorine members, those stecl members am subject to galvanic cor-
compound inte cavironneats] seawater; cnating surfaces rosion when immersed in seawater and are corroded
1 cxposed lo scawsicr with an antifouling paint containing a intensely. Therefore, the surfaces W he exposed to seawater
j ! lxic iou yenerating pigment; and generating toxic jons, .. of those stcol members are coated with rubber linings 1o

FIG. 6

Auch an chlorine jons or copper ions, through the elecirlysis
of seawater.

Although these measures cxercise cffective antifouling
functions, the management of the quantity and concentration
of thase chemicals is not simiple when dealing with quanti-
tiss of seawater and, therefore, the chemical concentration of
soawaler is liable to be excessively hrge Consequenly, il is
}ughly possible that dre scawmr comammg an antifouling
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protect the same from corrosion.

II the rubber lining coating the steel member should b
hroken, (he tilanium member electrically connecled W the
stee]l member must be loaded at a cathodic poteatial by a
cathodic protection method which reduces the potential of
the steel member (o a prakective potential. Tlowever, since
the cathodic protection method uses the titanium member as
snanod, the steel water box, the slcclsupply tubes and stecl

| causcs Thus, there
is a trend in reecnt years to fnhibit or control the usc of the
aforesaid methods.

Recently, many rescarchers and technicians are cngaged
in research-and-development activities to develop safe anti-
fouling measurea which will a0t cause environmental pﬂl-
Tution, {ior example, antifouling silicanc paints are nontoxic
ant do not causs eavironmental pollution. However, colli-
sion of shells and {oreign substances wilh the silicone paints
sbosicas the cffective antifouling life of the silicone paiats.
Coating work using antifouling siliconc paints requircs a
high cost. Antifouling siliconc paints csnaot be applicd to
structurea having large surfaces and existing structures by
simple, casy couting work. The antifouling effect of anti-

s
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di fubes J 1o the {itanivm mem-
ber are losded af a cathodic poleatisl. Consequeatly, il is
theorctically impossible to usc the cathodic protection
mcthod, and an clectric current flows through a part of the
steel member corresponding to a broken part of the rubber
Iining tn canac the abaormal corrosion of the steel part.
atent laid blication No. P2000-
1198844 {Kohai) AIMk)m:s an anu[uulmg system thal gen-
©Tales oxygen on the surfaces to be welted with scawater of
a structuze cxposcd (o seawater 10 suppress the adbesion of
marinc organisms lo the surfaces cxposed to scawater, In the
satifouling system, 2 titamium shect, on which the cloctrical
catalyst is pre-coated, is used a4 an anode-forming member.
‘The titaninm sheet is fixed on a titanium fube plate, via an
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insulating adhesive layer. A conductive member disposed on
a rubbier lining coating a wall of 4 water hox (usually made
of stee]) of e heat exchanger. A positive electrods o a de
power unit is connected to the anade-forming member or the
elacirical calulys, and a negaiive elecirodo of the de power
unil is comected to the conductive member. The de power
unil is internally provided with an automaiic potential con-
troler ihat adjusts poteatiel dilferonce between he positive
and the oegative electrode such that oxygen is geaerstod
while genersion of chlorine in seawater is rwprpreued

In the above system, since a titanium sbeet is provided
with the pre-costed clectrical catalyst, such titanium shest
<can be casily bonded to the surface of the titenium the plale
a1 an ordipary temperature using the insulating adhesive.
‘Ihus, any destrctive thermal stress will not be induced in
the componeats and the assembled structure of the heat
exchanger. fn addition, the anode-forming mvember is clece
mcaliy insulated from a structural member, such as a tita-
wiurn tube plate, by the insulating adbesive. Tl\un, even if a
mbh:r lmmg coating the steel member is brokea
ion of the steel member
elcctnmlly cnnncclcd ta the thanium tabe plate (c.g., a wall
of a water box of the heat exchunger) can be prevenied. This
is because a cathodic prolection current is supplied to the
metullic member by the de power unit.

‘Ihe antifouling system disclosed in P2NK-119884A is
very coffective when the beat exchanger is provided with
highly cofrosion-resistant titanium heat transfer tubes which
dn not need 1o be protected by the cathodic protection
methad. However, when the heat exchanger is provided with
heat trnnSfer tubes formed of an aluminum brass infecior 10
litani and peeding p ion Irom
corrosion hy the cathadic protection methnd, the conteol of
* current that flows through the antifouling system, i.c., the
control of the potential diffcrence, is difficult and it is
possible that the ing effect of the antifouling aystem
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invention to pravide an antifouting system for a heat
capable of p ting the & between

an antifouling curront and a cathodic protection curreat, and
of surely and easily achieving ths coateol of the antifouliog
current, ie., the conurol of potential.

According to the first aspeet of the prescot invention, an
anfilouling system lfor profecting » struclure exposed ©
seawaler from fouling is provided. The antifouling sysim
includes: an anode-forming member armaged on a susface
of a member, which is to be protecied from fouling, of the
sinicture via xo insulating member; an elecirical catalyst of
an clectochemically active, stable material coating the
ulodr,-ﬁxmmg membcr ade puwcx uml having: a positive

the f g member or the
electrica) catalysy; o m:ga bive elecirode connecled Jo a metal-
lic member forming at east part of the structure and werted
with scawater; and a0 automatic potcatial controticr that
edjusis poteotial differcnce betwoen the positive and the
negative electrode such thal oxygen is gencrated white
generation of chlorine in scawater is suppreased; and a
cathodic protcction current supply systcm that supplics a
catbodic protection current o the melallic momber welled
with reawater and forming at least part of the struclure,

According, to the second aspect of the present invention,
an antift sysicm for a heat exchy inciud-
ing a pluralily of heal transfsr whes formed of  melal, &nd
a tbe plate formed of a metal and supporting the heat
transfer tubes, is provided. "The antifouling system includcs:
an smude-funming member aresnged on o suelice of a
member, which is 1 be protectd from fouling, of the hest
exchanger via an insulating member; an elecirical catalyst of
an clearochemically active, stablc matcrial costing ihe
lnode—formmg member; an electrical catalyst of an electro-

in recuced. This is because  cathodic protection current Ihat

flows through the alumitum brass heat traosfer tubes and 20
antifouling current thal flows through the conductive mem-
ber inerfere with cach other.

The performance of this antifouling system will be more
apecificatly described on the basis of mumerical values.
Supposc that an eatifouling currcnt density accessary to
maintain the annde-forming member artached to a tabe plate
of a heat cxdungcr at a poteatial of 1.0 V to generate oxygen
is 0.5 A/m®. The tube plate of a lieat exchanger for a
1000-MW power plant has 2n arca of about 18 m* and an
aunl‘nuhng current that Rows from the tube pinte intn
scawaier is sbout 3 A. An anticorrasion current necessary for
the cathodic protection of the aluminum brass tbes (cament
that flows toward the tube plate, ic., a current that flaws
through the alumibum brass Wwbes) i on the order of 60 A,
which is about twenty tinies the antifouling cwrent of about
3 A. Whereas (he control of the high cathodic protection
current is easy, the conwol of the low anlifouling curren,
which Iy aboul Yo of fhe cathodic profection current, is
dilicull when thuse cumrents How in upposite direciions,
respectively, in scawaicr contained in the water box and
booce the antifouling eflect cannot by pruperly maintained.

la some cases, the water box and the pipes clectrically
coonceled to the heat transfer ubes must be protected by &
cathodic protection method even if the heat exchanger is
provided with titanium heat transfer wbes which docs pot
nced 10 be protected by a cathodic protection method. In
such a casc, the interference botween the antifonling curent
and the cathodic profection current canses 1 problem.

SUMMARY OF THE INVENTION

‘Ihe preseat inveation has been made w salve the afore-
said problems and it is therefare an object of the present
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y active, stable mateiial ceating the anode-forming
member; a dc power unit having: a positive electrode
connetied o the anode-forming member or ihe elecirical
catalyst film; & negative olectrode elecirically conpecied 10
the heat transfer itbes of the heat exchanger; and ao auto-
matic potential controller 1hat adjusis potential diffcrcnce
between the positive and the ncgative clectrode such that
oxygen is generated while genceration of chlorine in scawater
s suppressed; and a cathodic pratection cusrent supply
syslem thst supplies x cathodic profection current 1o the heat
transler tubes, or W a componeni member of the heat
exchanger, the compunen! member being wetied with soa-
water and cleciricaily connccted fo the heat transfor tubcs,
whercin inner surfaces of tho heat transfer ubes arc used a8
a cathode for clectrolysis for oxygen generation.

BRI DESCRIPIION OF THE DRAWINGS

“The above and other objects, features and advantages of
the present invention will become mare apparemt form the
following description laken in connection with the sucom-
panying drawings, in which:

FIG. | is 2 schomatic sectional view of an ansifouling
system in a firsl cmbodiment according to the present
invention;

FIG. 2 is 4 schematic sectional view ol s lirst modilication
of the anlifouling system shown in UG 1;

F1G. 3 is a schematic scctional view of a scoond modi-
fication of the antifouling systcm shown in FIG. 1;

FIG. 4 is a schematic scctional view of a third modifica-
tion of the antifosling sysiem shown in FIG. §;

FIG. § is a schematic scational view of an antfouling
system in a second embodiment accnading 10 the present
invention; and
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TAG. 6 is & sectional view of a first madification of the
aatifouling sysicm shown in FIG. S.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred di ding 10 the preseat i
will be described vith 1o the accom-
puuymg drawings. Rcﬁcn’mg 1o Flu 1 showing an aatifon-
mg system 20 in 3 finst smbodimunt according to the prescat

ion for a heat exchanger 1 in a sch ic sectional
vicw, the beat cxchanger 1 includes a plurality of heat
transler tubes 16 formed of an sluminum brass, and a wbe
plate 1a formed of a naval brass supporting those heat
transfer tubcs 1b. The antifouling systom is intended to
prevent the fonling of an omer swrface on the side of
seawater 18 of the fube plate 1e. The heal exchanger 1 is
provided with a watcr box 10 on the side of scawater 18, Fhe
inner surfaces of walls forming the water box 10 are coated
wilh a rubber lininyg 11.

The antilouling systern 20 has an insulating sheot 5. The
insulatiag sheet 5 is honded to the outer surfece of the nibe
platc 1a with an insulating adbesive resin layer 6. A titanivm
sheet 4, ie., anode-forming menber, of a thickness in the
range of 0.1 0 6.3 mm is honded to the upper sucface of the
insulating sheet 5 with an Insulating adhesive resin layer §
50 a5 to cover the upper swface substantially cntircly.

An clectrochemically active, stebls elecirical catalyst lilm
3 is farmed on the upper surface of the titanium shect 4 hy
applying an electrical catalyst in a film W a surface of the
titanium shcet 4 and beating the titanium shoot 4 baving the
surface coatsd with the film of ibe eleciricsl catalyst al a
tempecature in the range of 350 to 451° C. for several houes
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difference between the positive electrade 72 and the nega-
tive clectrode 7b such that the gencration of chiorine in
scawatcr 18 is suppressed and oxygen is geocrated in
seawater 18, More speaifically, » proper polential diflerence
between the positive electeade 7a and the negative electrode
7b is lower than a SCE refercoos voltage of 120 V at which
scawater is eleciralysed to generalo chiorine snd higher (han
an uxygen genenling voltage of 032 V ul which oxygen is
gencrated in standard scawater. The reference clectrode 12
monitors the potential of the titanium sheot &, axd ihe
wutomatic polential coairobler 7c controls the potentiad dil-
ference between the positive electmde 7@ and the negative
clectrode 7b on the basis of data provided by the reference
clecirode §2.

“Fhe heat transfer tbes 14 formed of the aluminum brass
is inferior in resistance to the comosive action of scawater
i hence the same are protecisd om comosion by a
carhdic protection method. The cathodic protection method
may be of cithor an extcrnl power supply system or a
sacrificial anode systcm. The antifouling systcm 20 shown in
FIG. 1 employs # cathodic pratection method of 40 external
power supply system. ‘The heal transfer whes 1b are con-
aected clecirically through an external dc pawcr uml 40 for
cathodic proiwctivn (o » cathodic 41 A
cathodic pruux.uun current lows [tom the cathodic prutec-
tioa clectrode 41 into the heat transfor tubes 14

In the event that sacrificial anode sysiem is used {or the
cathadic protection method, as indicated by chain lines in
K. 1, a sacrificial anode 41° is eleatrically connected to the
fcat transfor bes 16 insicad of the de power unit 40 and
elecirode 41,

in the first embodiment, the heat transfer tubes 1b are

by a hicating process using resi: heating. ion of
the elecirical calalyst film 3 is corried oul privr w adhesive-
bonding of the tilanium shoet 4 W the insulaling sheot 5. The
electrical catalyst forming the electrical catalyse film 3 is 2
metat of a platinum group metal, an oxide of a platioum
group maial, coball oxide, munganese dioxide, or & mixed
crystal or a composits of cobalt oxide and mangancae
dioxide.

The insulating adhesive laycr 6 is formed of an clastic
adhesive conlaining, 45 principal components, an epoxy
resin, an cpoxy-amine resin and a modified silicome polymer.
This adhesive has high insulating strength and cxerts stable
adiresive streogth in scawatcr of tonipCratvics in the range of
010 50° C. The insulating shoct 5 is excollent in seawstor
resistance and is & sheet that is not deteriorated by scawater,
such as a vinyl chioride shcct of & fiber-reinforced plastic
sheet,

As shown in TIG. 1, the titanium sheet 4 and the insu-
lating shect § are provided with a plurality of openings
fospoctively coinciding with the hoat transfor pipes 18, and
having & diameter equal @ the inside dismeter of the heat
trausfer pipes th.

A reference electrode 12 projects from a part near the
titanium sheet 4 of a sidewall of the water box 10, and
cxtends above the titanivm sheet 4.

The antifouling systcm 20 is provided with an cxtcrmal de
powcr unit 7 having a positive clectrode 7a cloctricelly
connected to the titanium sheet 4, ic., an anode-forming

d to 1he negative cloctrade 7b of the de power unit
7 10 usc the inner surfaces of the beat transfor tbes 1b as
cathades for ssawaler olectrolysis, Thus, o antifouling
current and a cathodic proiection correat flow in lhc sane
dircetion. Therefore, betoveen the i

current and the cathodic profeclion current is nogligible, and

4 ‘bo conwo] of 1he wotifouling current for potential control

can be surely and casily achieved. 'TTus, the de power ugit
7 is ablc 1o hold the poteatial of the tianium sheet 4, 1.c, the
poiential of the slectrical calalyst (Hm 3, eavily in the range
of 0.52 10 1.20 V. Consequently, the generation of chlorine

s on the surface of the cicetrical catalyst fitm 3 can be

snppmssed and oxygen can be gpncnlcd 10 prevent mariac
w the surluce of the

from
electrical catalyst film 3.

Since the titanium sheet 4 coated beforehand with the
clectrical catalyst film 3 is bonded with the inswlating
adhesive reain layer 6 to the insalating sheet $ banded to the
wbe plate fa, the titanium sheet 4 can be casily bonded w0
the insulating sheet 5 &t an ordinary temperature, and hence
destructive thermal stress, which iy induced i the beat
exchanger 1 if the clecirical catalyst film 3 is subject io &
thermal activation process after being attached to the heat
exchanger 1, will not be induced in the beat cxchanger 1.

Since the insulating adhesive resin luyers 6 and Lhe
insulatiog sheet § are intemposed batween the titanium sheet
4 and the surfacc on the side of scawater 15 of the tube plate
1, (he twbe plats 1o and the ianium sheet 4 sre ekectrically

member, a oegative clectrode 7h clecmcnlly connceted to insulaied und the jon ol metsl

mc heat unnstcr plpcs lb. iy it bers, andt o icall d to the tube plate 1a can be prevented.
d L the refe The i ing adhcsive resin layers 6 formed of an clastic

electrode 12. 6s adhosive ining, as principal comp . cpoxy

‘The de power unit 7 is iotemally provided with an
autormatic potential controller 7¢ 10 control the potential

resin, an epaxy-amine sesin and a modified silicone polymer,
and having stable adhesive atrength in seawater of tempera-
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tures in the range of 0 to 30° C. exert stable, durabic
adhesive strongth. The clastic insulating udbcswc rcsin

8
not greater thao 3% of the number of the heat transfor fubes
1h bhecause the heat exchanging cfficiency of the heat
teduces with the incroass of the sumber of the

iaycrs § is cffective in the ity of the
electrical catalyst film 3 and the (tanjum shee) 4 with which
foreige matters collide.

phgged heat tranafer tubes 15,
The titenium shect 4 may be fastencd to the plugs 30 with
insulating balts 31 s shown in FIG. 6. The insulating bolts

The vioyl chloride sbeet or the Gber-reinforced plastic
sheed serving as the insolaing sheel § s excellent in corro-
sion fesislance in stawater, resistant to degradation and
highty The inciding with the heat
transder lubes 16 can be usﬂy formed in the insulating sheet
5. 'The openings can be casily formed in both the titanjium
shect 4 and the insulating sheet § aficr bonding logether the
titamits o shicot 4 and the insulating sheet § with the insulating
adbesive resin Layer 6.

The reforeace clectrode 12 disposed ncar the titanivm
shuel 4, Le., the snode-forming member, is sble o monilos
the polnlisl of the litanium sheet 4 accurately o ensure
accurate poicatial control.

IT the insuluti e of the insulang sdhesive
esin Jayer 6 is satisfaciory, the insululing sheet § may he
omittcd, As shown in FIG. 2, the titanium shoet 4 may be
dircctly bonded to the tube platc lz with the insulating
adhesive resin layer 6 withaut using the insnlating sheet S.

The position of the refereace clectrode 12 is not limited 10
that shown in FIG. 1. For example. the reference electrode
12 may be inscried in the heat transfer tube 15 a0 as to
project into scawater t5 as shown in 1G. 3. Whea the
refereace clectrode 12 is inscrted in the hoat transfer tubc 15
35 shown in FIG. 3, the relorence electrode 12 s closer o the
titanium aheet 4, i.¢., the anade-farming member, and bence
morc sccurate potential control is possible.

The fitanium sheet 4 coatedd with the slecirical catalyst
film 3 may be booded 1o the surface of the mbber lining 11
covcring ihe surfaces on the side of scawater 15 of the walls
of the waier box 10 wilh an adhesive resin layer 16 us shown
in FIQG. 4, and oxygen may be generated on the surface of the
elcctrical catalyst film 3, suppreasing the geucration of
chlorise. The adhesive resin fayer 16 docs not nced to be
insulating,

Ax mtifouling systca 24 in a sccoad crabodiment accord-
ing to the prescat invention will be described with reference
1o TRG. 8, in which parts like or comesponding to those of the
antifouling system in lbe fimt embadiment are deapted by
the samc ref and the iption thercof
will be omitted o avoid duplication.

‘The antifouling system 20 in the second embodiment for
# heat uxchanger has plugs 30 fitted respsctively in end parls
of some of beat transler tubes 1b of the heat The
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31 may be formed of an insuteting matcrial, such as a resin
or a ceramic matcrial, or may be formed of a motal and
conted with an insulating film. When the titanium sheet 4 is.
thus fastencd to the plugs 30 with the insulating bolts 31, the
titagium sheet 4 caa be firmly fastened 10 the tube plate 1a
and the number of the plugged beat transfer tubcs 1b can be
reduced. ‘e titaniun shoet 4 may be fastened 10 the tube
platc le with insulating bolts 31.

Although the beat raosfer lubes 15 are fomed of the
aluminum brass and the tubc plate 1a is formed of the nava}
brass in euch of the antifouling syslems shown in FIGS. 1 0
6, the beat transfer tubcs 15 and the tube platc 12 may be
formed of other materials. For example, the heat transfer
tubes 1b may be formed ol an sluminum brass and 1he tube
plats 1a may be formed of an aluminum broaze; the heat
transfer fubcs 16 may be formed of a so-called super
siaindoys slucl and (be tube plaie 1 may be (ormed of a puval
hrass; the heat transfer lubes U may be formed of & super
stainkss stecl and the wbe plate 12 may be formed of an
atuminum bronze; or the hicat transfer tubes 16 and the tube
plats 1a may be formed of & super strinless steol.

Both the buxi transfer Wbes 1b and the tube plile 1z may
be formed of titaniwm, Since titanium is highly corrosion.
resistant, the heat raasfer tubes 15 and the tube plite ta do
oot nced cathodic protection. However, in some cascs, the
cathadic prolection method is spplied 10 olber componsnt
members of the heat exchanger, such as thie water box and
pipcs, connecied to the heat traasfer tubes 1b or the tube
pluie L4, In such a case, it is pousible (hal the antifouling
current snd the cathodic prolsclion cument interfere with
each other and hence application of the prescnt invention is
cffoctive.

Although the antifouling systoms according lo the present
inveotion bss bocn duscribed as applisd (o the component

of the boat exchanger, the present i ion s ol
limited thersto in its practical application and is appticable
0 all kinds of structurcs cxposed to scawaicr and hnvmg

bl relating 10 el beiween fhe i
current and the cathodic protection current.

As apparent from the Toregoing dexcriplion, the amiloul-
ing system of the present invention, prevents interference
between the antifouling currcnt and the cathiodic protection
current efleclively, and coniruls 1bs anitlovling curreat und

" T

outer end surface on the side of sexwater 18 of the pluyg 38
is substantially flush with the outer surface of a tubc platc 1a.
Prefcrably, the plugs 30 arc made of the same material as the
heat transfer tubes 1 in view of preventing galvanic cor-
fOSEON in scawater.

A titanium sheet 4 s provided with openings of & diameter
cqual W the inside dismeter of the heat transfer mbes 1h only
at posilions corresponding to the bheat transfer tubes 1h
cxcluding thosc provided with the plugs 30.

"Ihe titanium stieet 4 is bonded 10 outer surface of the tube
plate 1a and the outer ond surfaces of the plugs 38 with s
insulatiog adhicsive resin layer 6. A tbus increased bonding
arca further stabitizos the adhesion of the titanium xhee: 410
the tube plate la.

Although the adhcsion of the titanium shect 4 to the be
plate 1o increascs when the number of the plugs 30 is
increased, it is desirable that the number of the plugs 38 is

S0

L

the potentials of the comp
Although the iavention has becn described in its preferred
embodiments with a certain degree of particularity, ohvi-
ously many chaagcs and variations arc possible therein. It is
therefose lo be that the prosent i ion may be
practiced otherwire than as specifically described herein
without departing from the scope and spirit.
‘What is claimed is:
1. An antifouling system for p ing a sinclure
expased to seawater from fouling, said system comprising:
an anade-forming member arranged on a surface of a
member, which is to be protected from fouliag, of the
structure via an insulating member,
an clecrrical catalyst of an clectrochemically active, stabic
material coaliog Ibe anode-lomming membes;
a dc powcer wnit having:
2 positive el c d to the anode-forming
member or the electrical catalysy
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2 negalive eleclrode connected to a metallic member
forming at Icast part of the stracture and wetted with
scawater; sod

an aulomatic polentisl controller that adjusis polenlial
difference betwoen the positive and the negative
clectrode such that exygen is generated while goa-
eration of chlorine in seawater is suppressed; snd

a cathodic protection current supply system that supplics

a cathodic protection current to the metallic member
wetlod wilh scawalor and forming at least punt of the
stracture.

2. The antifouling systcm according to claim 1, whercin
the cathodic protection current supply system compriscs a dc
power unit having a posilive elecirode connecied 10 2
cathodic protection clectrode wetted with seawater and 2
negative clectrode connceted to the metaliic member.

3. The antilvuling sysiem according to claim 1, wherein
the cathodic protection current supply sysiem comprises a
sacrificial anode.

4. An antifouling sysicm for p ing a heat

s

10
§. The antifouting system according to claim 4, wherein
the cathodic protection currest supply systam comprises a de
power uait baviug a positive electrode conneeted to &
cathodic protection elscirods welled with seawater and a
ncgative clectrode connecied to the metallic member.
. 'Ihe antifouling system according to claim 8, whercin:
plugs sre lilted in end parts of some of the plurality of best
transfor tubcs;
the anode-forming member is provided with openings in
parls thereol coinciding with open ends of the beat
transfr tubces in which plugs arc not fitted, aod is ot
provided with any openings in parts thereol coincidiog
with 1t closed ends of (be heat fraosfer lubes in which
the plugs arc fitted; and
the anode~forming member is bonded to an ouler surface
of the tube platc and cod surfaccs of the plugs with an
insulating adhesive layer acting &s the insulating mem-
ber,

including a plurlity of heat trunslsr wbas fomed ol a metal,
and a b plate formed of & metat and supporting the heal
transfer tubes, said system comprisiag:
an anodeforming member amanged oo a surface of @
member, which is to he protected from fouling, of the
ticat cxchanger via an ipsulating member;
\f 1 catalyst of an el ically aclive, sible
matcrial coating the anode-forming member;
an eloctrical catalyst of an elocirochemically aclive, stable
material coating the anade-forming member;
ade power unn havmg
& positive 1 10 the ande-forming
member or the clectrical catalyst film;
2 aegative clectrode clectrcally connccted to the heat
iransfer tubss of the heat exchanger; an
80 automalic polential conirollor that adjusts polential
difference betwoen the positive and the pegative
cloetrode such that oxygen is generated while gen-
sration of chlorios in seawuter is suppressed; and
a cathadic protcetion current supply system that supplics
a cathodic protection currcnt to the heat transfer mb“
or (o a component member of the beal exch

7. The antifouling system ding to claim 6, wherein
the pasts of the anode-forming member coinciding with the
plugs arc fastcned (o the plugs with an insulating bolts.

8. The antifouling systcm acoording to claim 4, whercin

25 W cathodic prolection corrent supply system comprises 4

A

s

“

sacrificial anode.

9. The antifouling systcm according to claim 4, wherein
the member to be protected from fouling is the be platc of
the heat exchanger.

16, The antifouling system avcording to claim 4, wherein
the member be protected from fouling is an inner surface of
a wall forming a waier box of the heat exchanger, the inaer
surface is coated with a Lining of rubber or a resin, and the
anade-forming member is arranged on the lining, which acts
as the insulating member.

1k Thc lnuiouhng sys(cm aecordmg o claim ¢, whercin
1 ing sheel of vinyl chlu-
ride or 2 scawatcr-comosion-rosistant fiber-reinforced plastic
sheet, acting as the insulating member, is arranged between
the ormber be prokecied from fouling aod the apode-
[orming member.

12. Th-: antifouling sysiens according to claim 4, wherin

component member being wetted with seawater nnd

clcetrically connceted to the beat transfer wbcs,
wherein inner surfaces of the heat transfer tubes ars wed

a5 a cathode for electrolyrin for oxygen generation.

45

the forming member is boaded to the member to be
pxolcctcd from fouling with an insulating adbesive layer
acting as the insulating member.

« v ¥ 8 x
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(8] ABSTRACT

A heat exchanger has a fank [or accommoduling 8 heal
madivm therein aad & whe connecisd 1 the ok through a
core plate, Specifically, au end poriion of the tubg is inserted
into a conucction holc of the core platc and is mechanically
joined thereto. A jeincd portion of the mbe and the cors plate
is cavered with sdhesive through a weaahility improving
film for improving wettability of the adhesive to the joined
portion, As a result, a sealing property between the tube and
the core plate is casily und stably improved by the adbesive.

21 Claims, 4 Drawing Sheets
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HEAT EXCHANGER HAVING TUBE JOINED
TO CORE PLATE AND METHOD OF
MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application is bescd upon and claims thx bencfit of
Japansse Pateat Application No. 10-156042, filed on Jup. 4,
1998, the contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Inveation

This invention rclates to a heat cxchanger and a method
of mamfacturing the same with adheaive for securing 2
sealing property between 2 tube and a tank.

2. Description of the Related Art

A heat exchanger typically has tanks for acoommodating
heat medium thercin, and phural fubes coupled with radiation
fins axx! combocied 1o the lanks through core plates.
Specificatly, end portians of the tubes are inscried into
conncction holes provided in the core platcs, and joincd
thereto. Aficr that, the core plates arc attached to the taoks.
The core plates nd the tubes musi socure & sulliciont sealing
property at joining portions therehetween for plvvcmmg
Icakage of the beat medinm therefrom. Conventionatly, the
core plates and Lhe wbes have bosn bravd 10 one snother
with the sufficient sealing property.

Recently, mothods othes than brazing for joining the core
plates and the fubes have been proposed 1o rationalics the
mnnufu:mrmg process, For instance, mechanical processing,
such as crimping is carvicd out to produce pushing force
between outer circumference surfaces of the tubes and the
connection holes of the core plates s that the tubes are
joined to the core plates by the pushing force. ‘The mechani-
cal joining method described above, bowever, casily pro-
ducs minuts clearances al the joining portions to lessen the
sesling propory. Therefore, this method roquires & counter-
measure for improving the sealing property.

T solve this prublem, JP-U-61-18986 proposcs » method
in which sealing agont such #s adbosive is applied lo the
joining portions aficr the mechanical joining is carmicd out.
However, the scaling propenty canmot be sufficicntly
improved only by applying the scaling agent. Tt was oon-
firmed by an immesslon test that the joined coce plates and
the tubes dipped into an cagine cooling water wero scparatcd
from one anciber in 2 short period of time.

SUMMARY Of THL INVENTION

The prescat invention has been made in view of the above
problem. An objoct of the present inveation is fo provide a
heat exchanger having a core plate and 2 tube joined to each
other with a sufficient sealing property and a method of
stably and casily mlnn[nuuring the same.

According to the prescat ioa, & heat has
1 ok for accommodating 8 beat medium lharem, a core
plate fixed to the tank and having n coanection hole, and a
tube having an end portion fixedly inserted into the conaee-
{ion hols of the core plxio, The tube and the core plate are
made of one of aluminum and slumioum alloy, #nd are
mechaaically joiped 10 cach other at a joived portion thereof.
Further, an adhcsive is disposed on a spcciﬂc region of the
joined porton through » wcunbﬂny unprovma film intcr-
o for imp g2 of the adhe-
sive to the specific region.

w
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The wettahility improving filsi makes the adbesive
seourcly adhered to the joined portion therethrough.
Spccifically, becsuse the wettability improving film has a
good weitability to the adhesive, the sdhesive can Gl minule
cancave portions of the specific region even whea surface
roughncess of the specific region is fagge. As a rosult, the
waling property beiween (he wibs and the cors plas is
improved.

The tubc and the cort plaic can be mechanically joined to
cach olher wi\h the specific region coversd wiLh the weita-
bility improving film. ‘Ihe bility i g film may be
formed beforc or afier tho fube aod the oom plxlc arc joined
to cach other. Aficr that, he adbesive is formed on the
specific region Ihrough the weilability improving fiim.

The wettability improving film may b formed by jetting
oul a solulion onio the specific region, and be formed by
dipping Whe specitic region into a solution. Accardingly, the
heat exchanger can be casily and stably manufactured with
» high scaling property.

BRIEF DESCRIPTION OF THE DRAWINGS

(ther objects and features of the present invention will
become more readily spparent from s beiter undenstanding
ol the prelerred embodimems describod below with refer-
ence to the following drawings.

FIG. 1 is & front vicw showing 2 boat cxchanger of a
preforred cmbodiment according to the present inveation;

FG. 2A is a cruss-seclions] view showing 3 joined
portian of a rube and & core plate in the heat exchanger;

FIG. 2B is an cnlarged view showing the joincd portion of
FIG. 2A;

FIG. 3 is 2 (Jow chart showing a process of forming
wettsbility improving film;

¥16G. 4 is an explanatory view Rhnwms a state where
solution for furming the wetlability improving film is jeued
ouly

TIGS. 5A and 5B are cxplenstory views showing 2
difference of adhesive statcs i two casces where the wetia-
bility improving film is provided and is aot provided;

FIG 6 is u chazt specilically showing an effect of the

ility) of the adhesives when the wolta-
bility improving film is provided and is rot provided; and

FIG. 7 is a chart showing adbesive strengths of the
adhesives when the wettability improving film is provided
and is nat provided.

DETAILED DESCRIPTION OF THE
PRUVERRESDY EMBODIMUNTS

A heat exchangor in a preforred cmbodiment of the
present jnvention with be cxplained referving to FIGS. 1 to
4. As shown in FIG. 1, the heat cxchanger 1 ia the prescnt
di inoeed 28 an ive radiator, and bas tanks
10 for accommodating heat medinm therein, plural tubes 3
couplud with radiation fins 2, and core plates 4 for connect-
ing the twbes 3 1o Ihe lanks 10. End portions of the lubes 3
are inseried into connection holes 40 provided in the vore
platcs and arc joined thercto. As shown in FIGS. 2A and 28,
the fubes 3 and the core piatcs 4 arc joincd to onc another by
mechunical pmccsning with adhesive 5 interposes therebe-
twoen for maintaining 2 sealing property. ‘Mic adbesive 5 is
applicd to surfwca of the wbes 3 aod the core plau;s 4on
which film 6 for imp g ibe

wettability of the adhcuve 5 is formed.
When manufactoring the heat exchanger [, fiest, the tbes
3 ane inserted to the oorresponding connection hales 40 of
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the core plates 4. In this state, cach inside diameter of the
nbes 3 is calarged from inside thercof using a mandred or the
like having & dismcter slightly larger than that of the tubes
3. Accunlingly, the lubes 3 are pushed ugaimst {he connection
holes 40 with force, thereby being mechanically joined to
the core plates 4.

Mexi, in the present i
meat film 6 is formed after the mbcss and the m phwa
4 arc joincd to one another as described sbove. The fonna-
tion of the welubilily improvement film 6 is caried out by
applying a solution containing 3% 1o 5% ircatment agent
including a sificatc (Trade Name : GILDAON produced by
Central Chemical Co.), like a showcr, onto a specific film
[onmation region where the adhesive 8 is to be formed.

Speccifically, as shown io FIG. 3, after pre-washing sicp 71
is carried oui on (e wbes 3 and the core plales 4, lilm
freaument agent applyiny swp 73 and slicr-washing siep 74
are succ&wvnly carricd out. At the pro-washing step 71, hot

s

4
between the core plates 4 and the fubes 3 can be provided
without porforming brazing thercof.

Incidontally, there is a cao where Mg() contained in
atuminwn (Al) as an additive is deposited on the Al susface
10 iphibit the adhcsivencss berweon the adhesive and the Al
surfuce. Generally, alkaline mefals work as describod above,
and MO is @ basic oxide having 1 large base strength. In the
presont cmbodiment, however, because the Al surface is
covered with the silicatc fim or the like, the adhsive can
maintain its edhesivensss o the Al surlace.

The scaling property between the tubes 3 and the core
platcs 4 in the beat cxchanger 1 was cxperimentally cvalu-
aled in comparison with a comparative samplke C1 in which
the silicone system adhenive § described above was coated

* onlo the joincd portions 34 without interposing the wetta-

bility xmpmvemenl {im & thercbetwoun. The other eatures
of the sample C1 were sub ially the same as
thosc cf the heat cxchangcr 1 (herebelow, referred to ss the

watcr of 60° C. s jetted out from a shower for
20 szconds 1o wash the joined tubos 3 and the core plass 4,
At the film treatmeot 2gent applying atep 73, the solution
inchuding GILDAON of 30 g-50 giter in concentration and
60° C. in iemperature is applied onto the Glm fommation
region for approximately 20 socomds. At ibis step, as shown
in ¥1G. 4, the solution 735 jetted omt from an injection
nozzic 730 likc s showcr is sclectively sprayed onto the fitm
[ormation region in proxiomty fo the joined portion,

A the filin treatment agent applying step 73, hecause the
solution includes the silicate syatem film materia) 2nd the

fubcs 3 sad the core plates 4 are madc of almmioum alloy,

when the solution is applied (o the lubes 3 and the core plates
4, the wettahility improvemeat film 6 can be formed with an
cxiremcely thin thickness during a short period of time
(spproximaicly 10 scoonds) by chemical reactions on the
tuhox 3 and tho core plates 4. Thea, the washing using hot
waber is carried ous 2t the after-washing step 74 subatantialy
in the samc manncr as that at the pre-washing stcp 71 10
remove exirg treatment sgenl and the Hke.

Subwequently, the adbesive § iy applied 10 the joinod
portioas botween (lic tubes 3 and the core platcs 4. lu the
present cmbodiment, siticone system adhesive is uscd as the
adhesive §, The application of the adhesive § is cammicd out
by a dispeaser o the like from a side of the core plates 4 ta
scal the peripharics of the tubes 3. Aficr that, the tanks 10 are
sttached 1o the core platss 4, thereby forming the beat
sxchanger 1 shown in FIG. 1.

Next, effects of the present emhod\munt will be explained.
in the heat anger 1, the film &
is formcd before applying the adhcswc s wnh large wetta-
bility to the adhesive 8. Therefore, the adhesive 8 closely
adheses 10 the surfaces of the tabea 3 and the corc plates 4
through the wettability improvement film 6 cven when the
surface ronghnesses of the ubes 3 and the core plates 4 are
large. Since the adhesive § can mvudc even into minute
clearances ded he im
§ duc ta the farge wetiability thereof, as shown in FIG. 2B,
the acihesive 3 can Jill the joined portions 34 without forming
empty spaces. As a result, the sealing property at the joined
portioas 34 is improved by the adhesive S,

Further, the ubes 3 xnd the cors plates 4 are mechanically
Jjuined 0 each other 10 produce mechsaicyl sirvss which
makes the joining strength thercbetween large. Therefore, it
is sufficicnt for the sdhosive 5 to bave only a function for
improving the scaling property. The siliconc system adhe-
sive canhe used to exhibit the adhesive praporty. As 2 resul,
acoording to the present invention, the scaling property

w0
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present ion samplc E1).

Specilically, two present invention sumples E1 and wo
comparative samples C1 filled with LLC were pecpared, and
put within a thermostatic chamber kcpt at 130° C. The
results are shown ia 116G, 6, in which a horizontal axis
indicates elapsed time (Hir) of the test. According to the
ﬂgur:, in the comparative cxamples C1 ‘without having lhc

iim, the were

from the ]umed poriions 34 al extromely short time penudu
As opposed 10 nns, in the prescot jnvention samples E1
having the film, the adhwsives were
not soparated from the ,um«l portions 34 cven sfier 400 Hr
was clapsed. As & resuls, it was coafirmed that the present
inveation sample (heat exchanger 1) could exhibit excelient
durabilily (sealing prupeny) by providing the wetiability
improvement lilm 6.

Also, the states of the adhesives 8 of the prescat invention
sumple El and the comparative sxample sumple Cl were
observed af interincs portions bulween ihe tube 3 and the
adhosives §, one of which is indicated by an arrow V in FIG,
2B as so cxample. The resulls arc schomatically shown jn
FIGS. 5A and 5T. FIG. SA shows the siate of the present
inveation sample L1, while 116, 31 shows the state of the
comparative sample (1. As shaw ‘16 8A, in the present
invention ssmmpk EL, bo weisbilily improvement film 6
was {ormed alonyg the surface imogularity of the wbe 3, and
the adhesive § was adhercd thereon cntirely along the shape
whilc filling minutc concave portions of the tube 3. As
opposed {0 this, as shown in FIG, 3B, in the compualivc
sample CH, the adhesive did ant fill concave portions 38
provided by the surface irregularity of the tube 3. 'This
unph:s msulicient ldhcuvnm uspnhlc of reducing the

Ttis J that ihe i
of the comparative sasmple C1 is causcd by the fact that the
wettability improvement fiie 6 is not formcd.

The offect of the wetlability improvement Glm 6 was
further stndicd using three samples, onc of which had the
silicate system film as the wettability improvement film 6 as
described abovs, another one of which had an organic film
formed by a primec treatment that is conventionally cartied
out s a coating surface trestment, and another one of which
did ol have the weollability improvement film 6. The sili-
cone system adhesive was used a6 the adhesive S us well as
inthe prescat embodiment. The compasison was cuncd out
by ing adhesive hs (MPa). w0
test picces madc of aluminum alloy were adhorod to one
another with an adhesive thickiess of 2 mm at an adhesive
area of 100 mmx25 mm. ‘Phen, the strength was measured by

US 6,427,769 B2

5
1 tonsile testor such as an aute graph with 5 mm/min. in an
clastic strcss cate.
The results sre shown in FIG. 7. In FIG. 7, a veriical axis
indicates the adhesive atrengths. As shown in the figure, the

two samples having the organic film formed by the primer

treatmont and the silicale system film as the weltabilily
improved lilms mainly underwenl cohesive separation,
whils the sample without havieg the wetiability improve-
meni film underwent interface scparation. This mcans that
the samples having the wettzbilily improvement films
exhibit adhesive strengths larger than that of the sample
withowt having the wettability improvement flm. Funher,
the sample baving the organic film has the larger varistion
and he Jower sisbility than those of the sample having (he
adlicate system film.

The reason is considered as foflows. That is, at the primer
treaument, silane coupling agent diluted with vrganic solu-
tion is coated on the surface of the tube and the like, and

10

6

The adhesive may be made of high polymer material to
have a Jow elaatic modulus and good thermal cycle charac-
wristics. Further, the adhesive may be made of silicone
system adhesive described abave or denatured material
thereof. In this case, cracks of the adhesive can be prevented
from heing produced by thermal cycles and the like, resull-
ing in improved durabilily. Employed as the silicon sysusm
adhosive i, for insance, widitive type or condensed (yps
silicone such as dimethyl silicone, methyl pheay! siicone, or
phenyl silicons. Employed as tbe depatured msterind of tbe
siliconc systcm adbcsive is, for instance, fluorine densturcd
silicone, epoxy denstured silicone, or the like,

In the cmbodiment described above, the wettability
improving fim 6 is formed afler the tubes 3 aml the core

1 plawes 4 are joined 1o such other. In this cass, the wetishility

improving film & can b formed on (he tubes 3 and the core
plxtes 4 at the same time, resulting in simplificd manufac-
turing process. Howeves, it may be formed before the tubes
3 and lhc core phu:s 4 arc joined to cach ather The

accordingly, the organic film baviag the adhesi o the
silicone adhesive 8 is formed on the surface through a
reaction hetweea muisture contained in atmosphere and the
silane coupting agem descsibed above, 'This priiner treat-
ment is f(urther wccompanied by volatilizalion of tbe
solution, bydrolysis of primet components, and the like, and
therefore requires a period of time in a range of approxi-
matcly 5 to 10 minulcs for forming the organic film. As o
resull, the organic fitm easily has Lirge variation in (hickness
due to the tilm formation mechanism described above. The

targe thickness of the argaaic film can result in hreakage and %

interface scparation of the organic film.

To the conirary, when the silicale sysiem film is ormed,
as described in the abave present smbodiment, the film cen
be formed in an extremely shott period of lime
alcly 10 scc). Therefors, the thickness of the

ﬁlm 6 is 1 xl an
Y tin rang: of 20 A o 500 A. As

n

B

g film is formed by applving the sohu-
tion like shuwer outo l.he specific surfaces of the tubes 3 and
tbe core plates 4; however the specilic surfaces of the tubus
3 and the core plaies 4 may be dippud inke the solution w
have the wettability improving lm thereon.
What is claimed is:
1. A heal exchanger comprising:
# lank for accommodating a besl medivm therein;
a core plaic fixcd to the tank and having a connection
hole; and
# wbe covpled with s radiation fin, and having an end
portion fixedly inserted into the connection hole of the
core plate, whercin:
the tube and the core plate arc made of one of alumi-
num and aluminam alloy, and are mechanically
Joined to cach ather at a joined portion thereof; and
an adhesive is disposcd on & specific region of the
jumed purhun of the lube and the cure plote through

1 rosult, the film can be stably formed with desimbl
chamcieristics described above,

While the presen! invention has been shown and
described with refercaee 1o the forogoing prefocred
cmbodiments, it will be apparcat 1o thosc skilled in the art
that changes in form and deiail may be made therein without
departing from the scope of the inveation as defined o the
appended claims.

For instunce, the region where the .«Ihmve 5is to be

fnf anproving a wcuabxhry of lhc adhesive to the

specific region, to maintain 2 scaling property

berween the tube and ithe core plate; wherein:

the adhesive is made of one selected from a group
oonsisting, of a silicone system material and a
denatured matorial ol the silicone system malerial;

the weitability improving lm is « silicsle syswm
tilm; and

applied is entirely vovered with the i

fibm 6 in the prosent embodiment; however, it is nnt always
requircd. Por instance, only the outer surfaces of the tubes 3
whore the wettability of the adhcsive § becomes casily small
may be covered with the westability improving film 6. To the
contrary, the tuhes 3 aod the core plates 4 may be covered
with the wettability improving 8lm 6 at a wider wegion
including the region where Ihe adbesive § is applicd duc lo
a reason for 8 mapulacturing process. The method ol
mcechanically joining the tubes 3 1o the corc plates 4 is not
timited to the mcthod deseribed above, and may be per-
formed by caulking or the like.

S0

55

a thick of the wettability improving film is
approximatcly 200A-500A.

2. I'he heat exchanger of claim 1, wherein the adhesive is
madc of a high polymer material.

3. The heat exchanger of claim 1, wherein tho beat
exchanger is aB avtomotive radiator

4. Ihe beat cxcbanger of claim 1, wherin the specific
region is an outer surface of the tubc in closc proximity 1o
the joined portion.

5. A method of manufacturing a heat exchanger having a
tank for accommodating a heat medium therein and a tube
connected to the tank through a core plate, the method
ising sleps ol

‘Ihe ailicate system film as the ility impraving filin
may be made of sadium siticate, magnesium ailicate, cal-
cium silicate, potassivm silicate, or Ihe like. Otherwise, the
weitnbilily improving film may be made of phosphats sys-
tem film wch a8 zinc phospl ttaniwm phosphate, or

insorting an cnd portion of the tbc into a conncction bole
provided in the core plate, the whe and the core plate
being made of ane of aluminum and aluminum atloy;
hanicaily joiniag the end portioa of the tbe o the

The phrosphate sysicm fllm can oxhibit
the same cffccts as that of th silicatc sys(cm film. Although
the tubes and the core plates 4 are made of atumioum alloy
in the present embodiment, they niay be made of alunvinum.

corc platc with a specific region at 8 joined portion
thercbetween, the specific region being covered with a
wettability improving film made of an inorganic com-
pound; and
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forming an adhesive for impraving a sealing property at

the joined portion, on the specific region through the

weltability improving film capablc of improving a

wotlability of Ihe adbesive 10 the specilic region;

whereia:

the adhesive is made of one sclected from a group
consisling of a silicone system material and a deor-
tured material of U silicono syslem materisl;

the wetsbility improving film is a silicate system film;
and

 lhick (ibe brilily i ing fiim is approxi-
mately 00A-SGUA.

6. 'The method of claim 5, furthee comprising 2 step of
fvaming the wollsbility improving film before fomming the
adhesive, by jetling oul a solution like a shower oplo the
specific region of the tube and the core plaw joined o cach
other.

7. The mcthod of claim S, further comprising 2 sicp of
forming the wenability improving fitm before forming the
adhesive, by dipping the specific region of the tube and the
<ore plale joined 0 each viber into 3 salulion conlaining &
component for forming the wettabilily improving film.

8. 'I'ic mebod of clainy 5, wherein the wettability inprov-
ing film is formed on the specific region afier the end portion
of the tube and the core plate arc mechanically joined 1o cach
other.

9. ‘Ihe method of claim 3, whercin the Ireat exchanger is
a0 aviomotive radiator,

16, The method of claim §, wherein the specilic rygon is
an cier surface of the tube in clase proximity 1o the joined
portion between the tubc and the core plate.

11. The method of claim 8, further comprising:

bekire forming the adhesive, forming the welability

improving film; and washing a surface of the wettabil-
ity improving film.

12, the method of claim t1, wherein the sarface of the
wettability impraving film is washed by water.

13. A method of manufacturing a beat exchanger having
# lank for accommodating a heal medivm therein snd a whe
conmected 10 1he lank fhrough a core plate, Ihe mothod
comprising stcps of:

inseriing an end pontion ol the lube into 4 connection bole

provided in the core plate, the tube and the core plate
being made of onc of aluminun and ajuminum ailoy,
mechsnically joining the end portion of the lube o the
core plale With 2 specific region at a joined portion
therebetween,
covering said specific region with a wetiability improving
sohution 0 produce a wettebility improving film, the

8
wettability improving film being a silicate system film
Thaving & thickness of approximately J00A-S00A;
rinsing said wottability solution from said spocific after a
spocified period of time; and

s farmiog an adhesive for improving a sealiog peopeay at

the joined portion, on the specific region througle the
wettability improving film capable of improviog a
wotlability of the adhesive (0 the specific region.

14. The heat cxchanger acconding 1o claim 13, wheicin

10 S¥id wettability improving solution is mude of an inorganic

compound.

18, The heat exchanger according (o claim 43, whercin
said specificd period of time is lexs than one minule.

16, A heal exchanger comprising:

PR tank for accommodating a heat medium thercin;

" a com plate fixed to the lank and having a commection
bolc; and

a tbe coupled with a radiation fin, and having an cnd

portion fxedly inserted inw the connection hole of the

e core plate, whergin:

the tubc and the core plate arc made of onc of aluni-
num and aluminum alloy, and arc mechanically
joinext to cach other at s juined portion thereol; and
an adhesive is dispased an a xpecific region of the

5 joincd portion of the tubc and the corc plate through

» weliability improving Sim interposed therebetween
for improving a wetiability of the adhesive to the
specific region, to maintain 2 sealing property
betweea the tube apd the core plate; wherein:

0 the adbesive is mads of one selecied from a group
consisting of a silicone system material and &
denatured material of the silicone system matcrial;
and

the bility improving film is a phosphate system
35 film.
17.‘Ihe heat exchanger of claim 16, whercin the adbesive
is made of u high polymer materiel.
18. The heat oxchanger of <laim 16 whersin the sdbesive
is made of one sclected from a group consisting of & siliconc
4 SYSicm mawcrial and & denaturcd matcrial of the siliconc
system material.
19. ‘1he heat exchanger of claim 16, wherein the heat
exchanger is an automotive fadiator.
28. The heat exchanger ol clsim 16, wherein « thickness
a5 ©f the wellability improving Gim is Jess than 500A.
21. 'Ihe heat cxchanger of claim 16, whercia the specific
region is an onter surfsce of the tube in cloac proximity to
the joioed portion.
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Technical Data Sheet

LOCTITE® 680™
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PRODUCT DESCRIPTION

LOCTITE® 680™ provides the following product
characteristics:

Technology Acrylic

Chemical Type Methacrylate ester

Green liquid*®
Positive under UV light*s

Appearance (uncured)
Fluorescence

Components One component - requires no mixing
Viscosity Medium

Cure Anaerobic

Secondary Cure Activator

Application Retaining

Strength High

LOCTITE® 680™ is designed for the bonding of cylindrical
fitting parts, particularly where low viscosity is required. The
product cures when confined in the absence of air between
close fitting metal surfaces and prevents loosening and
leakage from shock and vibration.

TYPICAL PROPERTIES OF UNCURED MATERIAL
Specific Gravity @ 25 °C 1.1
Flash Point - See MSDS
Viscosity, Brookfield - RVT, 25 °C, mPa-s (cP):

Spindle 3, speed 20 rpm 750 to 1,750M8

TYPICAL CURING PERFORMANCE

Cure Speed vs. Substrate

The rate of cure will depend on the substrate used. The graph
below shows the shear strength developed with time on steel
pins and collars compared to different materials and tested
according to 1ISO 10123.
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Cure Speed vs. Bond Gap

The rate of cure will depend on the bondline gap. The following
graph shows shear strength developed with time on steel pins
and collars at different controlied gaps and tested according to
1SO 10123.

Cure Speed vs. Temperature

The rate of cure will depend on the temperature. The graph
below shows the shear strength developed with time at
different temperatures on steel pins and collars and tested
according to 1ISO 10123.
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Cure Speed vs. Activator

Where cure speed is unacceptably long, or large gaps are
present, applying activator to the surface will improve cure
speed. The graph below shows shear strength developed with
time using Activator 7471™ and 7649™ on zinc dichromate
steel pins and collars and tested according to ISO 10123.
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TYPICAL PROPERTIES OF CURED MATERIAL
Physical Properties:

Coefficient of Thermal Expansion, ASTM D 686, K" 80x10*°
Coefficient of Thermal Conductivity, ASTM C 177, 0.1
W/(m-K)

Specific Heat, kJ/{(kg-K) 0.3
Elongation, at break, ASTM D 412, % <1

TYPICAL PERFORMANCE OF CURED MATERIAL
Adhesive Properties

After 24 hours @ 22 °C
Compressive Shear Strength, 1SO 10123:

Steel pins and collars Nimm2z 219.3™

(psi)  (22,800)

After 1 hour @ 93 °C, tested @ 22 °C
Compressive Shear Strength, 1SO 10123:

Steel pins and collars N/mmz 224 14+e

(psi)  (23,500)

TYPICAL ENVIRONMENTAL RESISTANCE

Cured for 1 week @ 22 °C
Compressive Shear Strength, SO 10123:
Steel pins and collars

Hot Strength
Tested at temperature

PRATaY
P

% RT Strength
[e1]
(o]

25 e e e e o e , I .

0 50 100 150 200 250 300
Temperature, °C
Heat Aging
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Chemical/Solvent Resistance
Aged under conditions indicated and tested @ 22 °C.

% of initial strength
Environment °c | 100h | 500h 1000 h
Motor Oil 1251 100 | 100 100
Unleaded gasoline 2 100 100 100
Brake fluid 22 80 75 75
Water glycol 50/50 87 100 90 80
Ethanol 22 95 95 95
Acetone 22 80 80 80

GENERAL INFORMATION

This product is not recommended for use in pure oxygen
and/or oxygen rich systems and should not be selected as
a sealant for chlorine or other strong oxidizing materials.

For safe handling information on this product, consuit the
Material Safety Data Sheet (MSDS).

Where aqueous washing systems are used to clean the
surfaces before bonding, it is important to check for
compatibility of the washing solution with the adhesive. In
some cases these aqueous washes can affect the cure and
performance of the adhesive.

This product is not normally recommended for use on plastics
(particularly thermoplastic materials where stress cracking of
the plastic could result). Users are recommended to confirm
compatibility of the product with such substrates.

Directions for use
For Assembly

1. For best results, clean all surfaces (extemal and internal)
with a Loctite cleaning solvent and allow to dry.

2. If the material is an inactive metal or the cure speed is to
slow, spray with Activator 7471™ or 7649™ and allow to
dry.

3. For Slip Fitted Assemblies, apply adhesive around the
leading edge of the pin and the inside of the collar and
use a rotating motion during assembly to ensure good
coverage.

4. For Press Fitted Assemblies, apply adhesive thoroughly
to both bond surfaces and assemble at high press on
rates.

5. For Shrink Fitted Assemblies the adhesive should be
coated onto the pin, the collar should then be heated to
create sufficient clearance for free assembly.

6. Parts should not be disturbed until sufficient handling
strength is achieved.

For Disassembly
1. Apply localized heat to the assembly to approximately
250 °C. Disassemble while hot.

For Cleanup
1. Cured product can be removed with a combination of
soaking in a Loctite solvent and mechanical abrasion
such as a wire brush.

Henkel Loctite Americas
+860.571.5100

Henkel Loctite Europe
+49.89.9268.0

Henkel Loctite Asia Pacific
+81.45,758.1810

For the most direct access to local sales and technical support visit: www.loctite.com
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Loctite Material Specification'®s

LMS dated August 23, 1999. Test reports for each batch are
available for the indicated properties. LMS test reports include
selected QC test parameters considered appropriate to
specifications for customer use. Additionally, comprehensive
controls are in place to assure product quality and
consistency. Special customer specification requirements may
be coordinated through Henkel Quality.

Storage

Store product in the unopened container in a dry location.
Storage information may be indicated on the product container
labeling.

Optimal Storage: 8 °C to 21 °C. Storage below 8 °C or
greater than 28 °C can adversely affect product properties.
Material removed from containers may be contaminated during
use. Do not retumn product to the original container. Henkel
Corporation cannot assume responsibility for product which
has been contaminated or stored under conditions other than
those previously indicated. If additional information is required,
please contact your local Technical Service Center or
Customer Service Representative.

Conversions
(°Cx1.8)+32=°F
kV/mm x 25.4 = VV/mil
mm/25.4 = inches
Nx0225=1b

N/mm x 5.71 = lbfin
N/mm? x 145 = psi
MPa x 145 = psi

N-m x 8.851 = ib-in
N-mm x 0.142 = oz'in
mPa's = cP

Note

The data contained herein are fumished for information only
and are believed to be refiable. We cannot assume
responsibility for the results obtained by others over whose
methods we have no control. It is the user's responsibility to
determine suitability for the user's purpose of any production
methods mentioned herein and to adopt such precautions as
may be advisable for the protection of property and of persons
against any hazards that may be involved in the handling and
use thereof. In light of the foregoing, Henkel Corporation
specifically disclaims all warranties expressed or implied,
inciuding warranties of merchantability or fitness for a
particular purpose, arising from sale or use of Henkel
Corporation’s products. Henkel Corporation specifically
disclaims any liability for consequential or incidental
damages of any kind, including lost profits. The discussion
herein of various processes or compositions is not to be
interpreted as representation that they are free from
domination of patents owned by others or as a license under
any Henkel Corporation patents that may cover such
processes or compositions. We recommend that each
prospective user test his proposed appfication before repetitive
use, using this data as a guide. This product may be covered
by one or more United States or foreign patents or patent
applications.

Trademark usage

Except as otherwise noted, all trademarks in this document
are trademarks of Henkel Corporation in the U.S. and
elsewhere. ® denotes a trademark registered in the U.S.
Patent and Trademark Office.

Reference 1.1

Henkel Loctite Americas Henkel Loctite Europe
+860.571.5100 +49.89.9268.0

For the most direct access to local sales and technical support visit: www.loctite.com

Henkel Loctite Asia Pacific
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