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I INTRODUCCION

Durante los Gltimos 10 afios, ha habide un desarrollo significante de la industria de
exportacién de productos no tradicionales de Centro América. Muchos cultivos
han ido de poca o ninguna produccién comercial para la exportacién en 1984 hasta
volimenes muy altos exportados en 1993-94. Ejemplos notables de productos
horticolas que se han expandido en forma dramética durante la década pasada en
Centro América y que ahora son producios principales de exportacién son: melén
cantaloupe y honeydew, pifias, arveja china, esparragos, moras, frambuesa,
cebollas, mini-vegetales y flores de corte. También hay proyecciones favorables
para mangos, ciertas frutas tropicales, aicachofas y flores tropicales. Hay
indicativos de que la industria de Exportaciones Agricolas No Tradicionales
continuaré expandiendose a través de la préxima década.

Los productos de Exportacién Agriccla No Tradicional (EANT) consisten casi
enteramente de productos horticolas altamente perecederos (i.e., frutas, vegetales,
flores de corte). A casi todos estos cultivos es necesario remover el calor del
campo inmediatamente después de su cosecha para poder mantener la calidad del
producto y su vida en el mercado. Asl mismo, es esencial el no romper la cadena
frfa durante el almacenamiento vy el transporte.

Muchos productores de EANT en Centro América no usan procedimientos de
enfriamiento poscosecha y almacenaje apropiados. El resultado es, producto de
menor calidad que la 6ptima a su llegada al mercado de destino, y en algunos
casos, envlos rechazados o degradados. La falta de infraestructura de poscosecha
es particularmente evidente entre productores de poco volumen y pocos recursos.
Muchos no entienden los requisitos del mercado de exportacién para productos de
extrema alta calidad, al contrario de aquellos encontrados en los mercados locales.

La competencia para los mercados, lucrativos de Norte América y Europa es
intensa. Cada afio mé&s productores dentro de un pals y palses adicionales,
exportan productos horticolas. Los compradores demandan el abastecimiento
consistente de producto de alta calidad.. Si ellos no pueden obtenerio de un pals (o
proveedor), lo obtendran de algin otro.

La inversién en infraestructura poscosecha es comGnmente no considerada como
un componente esencial para los negocios de exportaciones de agricultura no
tradicional. Consecuentemente, se pierden considerables ganancias de mercado Y
ocurren pérdidas econémicas significantes. Para poder desarrollar una industria de
EANT mas sostenible y provechosa en Centro América se necesita un esfuerzo
continuo para convencer al productor/exportador que la inversién en infraestructura
de enfriamiento y almacenaje es tan importante como cualquier otro aspecto del
negocio. Las inversiones para guardar la calidad en la comercializacién de las
frutas, vegetales y fiores después de su cosecha no son gastos. Estos se pagaran



asl mismos en repetidas veces. Hasta una reduccién parcial en perdidas de
poscosecha pueden mejorar significativamente el retorno neto al productor. El
dicho "uno debe de gastar dinero para hacer dinero” suena muy cierto en este
negocio de perecederos. No obstante, para muchos productores de escasos
recursos, la inversién no parece ser justificada debido al poco volumen de producto
cosechado. Hay sistemas de enfriamiento de bajo volumen y bajo costo
dispanibles que pueden ser construidos ficilmente. El objetivo principal de este
seminario es compartir esta informacién con ustsdes con la confianza de que el
manejo mejorado y las tecnologlas de poscosecha serén adquiridas.

. RESUMEN DE BIOLOGIA DE POSCOSECHA

Es necesario tener ur: entendimiento béasico de la biologla de poscosecha para que
sistemas de enfriamiento apropiados puedan ser integrados a la operacién general.
Productos hortlcolas frescos son organismos vivos que contintan respirando
después de su cosecha y padecen todo sl proceso fisiolégico asociado con la vida.
Ellos son susceptibles a podredumbre patolégica y estdn en un estado continuo de
deterioro.

La vida de almacenamiento de los productos varia al inverso con el grado de
respiracién. La vida de almacenamiento de productos como el brocoli, arveja china,
moras, alcachofs, esparrago y elotillo, los cuales tienen alto grado de respiracion,
s corta; y aquella de cebollas, calabaza, iame vy citricos, los cuales tiene corto
grado de respiracién, es larga (Tabla 1). El mercadeo exitoso en la exportacién
depende de la reduccién del grado de deterioro y podredumbre. Manejo apropiado
de temperatura es el factor Unico y mé4s importante que influye en la vida
poscosecha y calidad de mercado de un producto. La remocién rapida de la
temperatura del campo del producto es esencial para preservar la calidad de
mercado de los cultivos hortlcolas altamente perecederos. Unas pocas horas de
demora antes de iniciar el enfriamiento puede resultar en deterioro irreversible y
perdida de calidad del producto. Un viejo dicho dice que uno pierde 10 horas de
vida poscosecha por cada hora que el producto permanece a temperatura ambiente
después de haber sido cosechado. Cada.10°C de reduccién de temperatura
disminuye la actividad respiratora de un producto por un factor de 2 a 4. Los
productos difieren por su grado respiratorio y vida potencial de mercado. No
obstante, con todos los productos, mientras mas larga sea la demora en el
enfriamientc después de cosecha, mas grande ser4 el deterioro.

La cosecha debe de realizarse en horas tempranas de la manana para minimizar el
calor de campo y la carga de refrigeracién requerida. Los productos cosechados
también deben de ser ocultos del sol hasta que sean llevados a las instalaciones de
enfriamiento. Producto expuesto al sol puede calentarse méas de la temperatura del
aire y exposicién directa con el sol puede causar quemadura de sol.



Inmediatamente después de enfriarse, es esencial almacenar y transportar el
producto a su temperatura y humedad optima (Tablas 2 y 3). Los beneficios de
enfriar se perderdn si el producto no es refrigerado apropiadamente después de su
enfriamiento.

El componente principal de todas las frutas, vegetales y flores frescas es el agua.
El contenido de agua en cultivos hortfcolas tiene un rango de antre 70% y 95%.
La marchitez y decaimiento causado por la perdida de agua dafia seriamente la
apariencia y aceptacién dei praducto en el mercado. La mayorfa de productos
hortlcolas pierden su aceptacion de mercado de exportacién después de una
perdida de agua de solo 5% de su peso original. Asl mismo, pérdida de agua
también representa perdida de dinaro, debido a que Ia mayoria de los productos se
venden en base de su peso. Humedad relativa apropiada (HR) es importante en
minimizar la perdida de agua de productos frescos. La mayorfa de productos deben
de almacenarse antre 90-95% de HR (excepto cebollas y ajo). De igual forma, la
temperatura de producto y velocidad del movimiento de aire sobre el producto
afectan la cantidad de perdida de agua.

El grado de perdida de agua esta relacionado directamente con la diferencia de
presién de vapor entre la fruta Y su ambiente. La temperatura y HR controlan esta
diferencia de presién de vapor. A temperatura tibia de producto (i.e., 30°C) y HR
baja (i.e., 30%), el grado de perdida de agua puede ser de 25 a 50 veces mayor
que a 0°C y 95% de HR, respectivamente.

lil.  ENFRIAMIENTO Y ALMACENAJE

El primer paso en el manejo apropiado de temperatura después de la cosecha es
remover rapidamente el calor de campo del producto. Cominmente se rofiere a
este paso como pre-enfriamiento, aunque el término enfriamiento es suficiente.
Los productos perecederos scn muy susceptibles a marchitarse, decolorarse,
aguadarse, cambios adversos de sabor y podredumbre patolégica a temperaturas
altas. Varios métodos de remocién de calor de campo pueden ser usados,
dependiendo del producto. Los dos tipos de métodos de enfriamiento mejor
adaptados para cultivos perecederos de EANT son enfriamiento por aire forzado e
hidroenfriamiento. El enfriamiento de cuartos es generalmente muy lento para la
preservacién efectiva de la calidad del producto. Otros métodos de enfriamiento
taies como, hielo y enfriamiento por aspirador (succién) no son generalmente tan
econémicos 0 practicos. Después de que el producto ha sido enfriado, os esencial
mantener la cadena frfa durante almacenamiento, trénsito y distribucién.

Enfriamiento y almacenaje son dos operaciones separadas que tienen muy
diferentes requisitos. Los requerimientos espec(ficos para adquirir enfriamiento
répido y uniforme debe de ser considerado independientemente de los
requerimientos para almacenar en frfo. La capacidad de refrigeracién necesaria



para un enfriamiento rapido es sustancialmente mayor que para almacenamiento en
frfo. Existen otras diferencias entre enfriamiento y almacenaje en frfo. Durante el
enfriamiento répido, la velocidad alta de aire no incrementa significativamente el
total de perdida de agua del producto si ocurre Unicamente mientras el producto se
esta enfriando. No obstante, durante almacenamiento en Zrio consecutivo, la
velocidad alta de aire reseca los productos hortfcolas sobre el perfodo largo de
exposicién a aire répido en moviniiento. La humedad relativa alta es esencial nara
prevenir perdida excesiva de agua durante el almacenamiento en frfo, pero es de
menor importancia durante el perfodo corte de enfriamiento. Generalmente el
control de etileno no as necesario durante el enfriamiento, pero para algunos
productos puede ser esencial durante el aimacenaje. Una combinacién de
enfriamiente répido, almacenaje y transporte subsecuente del producto a su
temperatura baja y humedad relativa 6ptima maximizaré el potencial de vida de
mercado para ese producto.

Refrigeracion es el proceso de remocién de calor de un producto y no
de introducir frfo en el mismo. Varias fuentes de calor deberén ser
removidas por medio de refrigeracién durante los perfodos de
enfriamiento y almacenaje. La fuente principel de calor que debe ser
removida después de la cosecha es el calor da! campo de un producto.
Esto se determina mediante la siguiente férmula:

Btu (calor) = peso (Ibs) del producto x calor especlfico (del Producto)
x T’ (temperatura) diferencia entre T° pulpa y la T° de almacenaje
deseado final.

La proporcién de calor requerido para elevar la temperatura de un peso dado
de fruta o vegetal hacia la raquerida para causar un incremento equivalente
en el mismo peso del agua, se llama calor especifico. Es necesario saber el
calor especifico de un producto para calcular la carga de refrigeracién
durante el paso de enfriamiento. Puede ser estimado de la siguiente
ecuacion:

Calor especffico = 0.008 x (porcentaje H,0 en el producto) + 0.20.

Ejemplo: el calor especifico de las moras, con un contenido de humedad del
85%, es 0.008 x 85 + 0.20 = 0.88. El calor especifico sobre el nivel de
congelamiento para varias frutas y vegetales se da en las tablas 4 y 5.

Fuentes adicionales de calor que necesitan ser tomadas en cuenta
cuando se determinan los requerimientos de refrigeracién para
enfriamiento y almacenaje incluyen el calor de respiracién (calor vital).



Todos los organismos vivientes sueltan calor duranta la respiracién de
carbohidratos hacia CO, y H,0. La cantidad de calor varla con el producto
Yy se incrementa con ia temperatura. Los grados aproximados de calor
producidos por varios cultivo: horticolas frescos a diferentes temperaturas
de almacenamiento pueden calcularse de los gradcs de respiracién que se
muestran en la Tabla 1. La evolucién del calor se expresa a través de
‘jouies’ en el sistema métrico y en "British thermal units” (Btu) en el sistema
inglés. Para cada miligramo de CO, producido por respiracién, 2.55 calorfas
de calor son generadas, asl es que el valor de 2.55 se usa en el computo de
la evolucién de calor. Una calorfa es la cantidad de calo; requarida para
elevar la temperatura de 1 gramo de agua 1°C, por lo cual, 1 Btu es la
cantidad de calor requerida para elevar la temperatura de una 1 Ib de agua
0.55°C (1°F). Una calorla equivale 4.187 J, asl que la evolucién de calor en
el sistema métrico es calculado multiplicando cada miligramo de CO, por un
factor de 10.676. El valor 10.676 se deriva de la multiplicacién de 2.55
cai/mg CO, por 4.187J/cal. Una kilocalcrla equivale a 3.968 Btu, por lo que
la evolucién de calor en *British thermal units’ por tonelada por dia (24
horas) se calcula por la multiplicacién de los grados de respiracién en
miligramos de CO, x kilogramo x hora x un factor de 220. E! valor 220 se
desiva multiplicando 2.55 cal/mg CO, x 86.3, un factor que convierte
calorfas por kilogramos por hora hacia ‘British thermal units’ por tonelada por

dfa.

Otras fuentes de calor qu2 agregan al requerimiento total de
refrigeracién durante enfriamiento y almacenaje incluyen fuga de calor
a través de superficies del cuarto y puertas abiertas y calor generado
por motores eléctricos, luces, equipo de manejo mecénico y
trabajadores.

Se refiere comunmente a la earga de refrigeracién en toneladas de
refrigeracién. La tonelada normal de refrigeracion es la cantidad de calor
absorbida por una tonelada de hielo derritiendose de 0°C (32°F) en 24 horas.
Se requiere de 144 Btu para derretir 1 Ib de hielo a 0°, 6 288,000 Btu para
derretir 1 tonelada de hielo a 0°. (144 Btu x 2,000 Ib). Dado a que una
tonelada de refrigeracién especifica que la tonelada de hielo debe de ser
derretida en 24 horas, una tonelada de refrigeracién absorbe 288,000 Btu en
24 horas. Esto es equivalente a 12,000 Btu/hora (12,660 kJ/hora).

El requisito de refrigeracién durante el enfriamiento deber4 basarse en la
carga maxima de refrigeracién. Esta cumbie ocurre usualmente cuando las
temperaturas exteriores son altas y se esté enfriando prnducto tibio.

La carga méxima de refrigeracién depende de la cantidad de producto que se
recibe cada dfa, de la temperatura del producto al momento en que se inicia
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el enfriamiento, del calor especifico del producto, de la temperatura final
alcanzada, y de la infiltraci6n de fuentes de calor ajenas al producto en el
medio ambiente de enfriamiento.

B.  Enfrlamiento por Aire Forzado

El enfriamiento por aire forzado es adaptable a la mayorla de tipos de
productos y es ideal para operaciones donde una gran variedad de productos
tienen que ser enfriados. Cultivos de EANT de Centro América ideales para
el enfriamiento por aire forzado son: moras, frambuesas, fresas, melones,
pifias y flores de corte. El enfriamiento por aire forzado es el método
recomendado para operaciones de pequeiia escala. Un cuarto frlo existente
puede ser cominmente usado para enfriamiento por aire forzado para
pequeiias cantidades de producto por medio de la instalacién de un
ventilador portétil pequeiio. Grandes cantidades de producto usualmente
requieren la instalacién de més capacidad de refrigeracién.

El método mas comin de enfriamiento por aire forzado se logra a través de
la alineacién paralela de columnas de cajas llenas y ventilados, con las
columnas paralelas de producto, separadas por varios pies de espacio abierto
(usualmente el didmetro del ventilador). Después, una lona o cubierta
pléstica es colocada sobre las columnas paralelas (con el centro sobre el
espacio abierto entre las columnas paralelas de producto). Esta carpa
restringe la direccién en la cual el aire puede escaparse. En efecto, usted ha
creado un "tanel” que restringe la direccién del aire. La carpa se extiende
hacia un ventilador de gran capacidad colocado en la seccién al frente medio
y al centro de la columnas paralelas del producto en cajas. El ventilador hala
aire fresco a través del producto, removiendo el calor del campo de dicho
producto y logra su enfriamiento. Las partes superiores de las columnas
estan expuestas directamente al aire frfo. Los ventiladores desarrollan fluido
alto de aire a una presién de estética relativamente alta. Las figuras 1-8
ilustran este método de enfriamiento.

El ventilador se puede encender con la carpa en su lugar después de que las
primeras cajas han sido apiladas para iniciar el enfriamiento. Se puede
levantar la carpa para agregar mas cajas al final del tinel Y nuevamente
colocarla sobre las cajas agregadas. Cuando todo el producto ha sido
enfriado adecuadamente, se apaga el ventilador y se enrolla la carpa. El
hecho de apagar el ventilador cuando el producto ha sido enfriado a una
temperatura 6ptima de almacenaje, reduce los costos de energla y de
deshidrataci6én causada por la aplicaci6n excesiva de aire de alta velocidad.

Dado a que el aire es forzado a través de las cajas de producto por la
diferencia de presi6n del aire entre ambos lados, es necesario llenar las cajas



apropiadamente y estibarlas en una forma para minimizar vaclos y aperturas.
Las aperturas entre las cajas permiten que el aire rodee el producto,
reduciendo la capacidad de enfriamiento. Se pueden colocar deflectores
sobre las aperturas inevitables para dirigir el aire hacia las cajas empacadas.

Ademés de controlar la temperatura y flujo de aire, serd necesario controlar
la humedad. El aire en movimiento tiende a remover el agua de la superficie
de la hoja, causando marchites, encogimiente y perdida general de calidad y
valor. Le mayorfa de productos horticolas frescos requieren de una humedad
relativa en un rango de 95 a 98% durante el enfriamiento por aire forzado y
también durante su almacenamiento en frlo antes de su embarque.

Si la condensacién en el embobinado del evaporador se drena hacia afuera,
la humedad en los cuartos refrigerados puede hacerse lenta. La cantidad de
condensacién que se colecta en estos embobinados puede decrecer
substancialmente por la limitacién de la calda de la temperatura a través de
ellos hacia 2.5°C. Esto puede lograrse por el incremento del tamafio o
cantidad de los embobinados. En la practica, niveles de 80 u 85% humedad
relativa no se puede lograr facilmente sin ningan tipo de sistema de
humedeacimiento.

La baja humedad puede corregirse por varios tipos de sistemas comerciales
de humedecimiento. Muchos operadores simplemente mojan el piso con
mangueras de vez en cuando, pero este método puede que no sea
consistente con un buen saneamiento y particularmente no es efectivo en
muchas situaciones.

El tiempo requerido por productos individuales para ser enfriados varfa
significativamente. La cantidad de cajas en el congelador también puede
afectar el perfodo de enfriamiento. La temperatura de los-productos debe de
ser controlada de cerca durante su enfriamiento. Las cajas deberan
removerse sélamente después de que la temperatura del producto dentro de
las cajas ha sido revisada. Es ideal usar un termémetro con un punzén largo
de metal para medir la temperatura. Debers revisarse la temperatura en
ambos lados de la caja, el lado tibio y el lado fresco.

1. Célculos del Tiempo de Enfriamiento

El tiempo necesario para alcanzar la temperatura deseada se expresa
por medio de una curva tlpica de enfriamiento. El tiempo de
enfriamiento de 7/8 6 el tiempo necesario para bajar la temperatura de
un producto en 7/8 de la temperatura inicial hacia la temperatura del
aire de enfriamiento, se considera como el punto mas significativo
gentro de la curva de enfriamiento (figura 9). El grado de enfriamiento



se hace muy lento a medida que la temperatura del producto asemeja
la temperatura del aire refrigerado. En la figura 9, una hora de
enfriamiento (7/8 de tiempo de enfriamiento) es requerido para
alcanzar 40°F (5°C) (7/8 de temperatura de enfriamiento) de la
temperatura inicial de 75°F de un producto.

La siguiente ecuacién puede ser usada para calcular el tiempo
requerido para enfriar una caja de fruta, vegetales o flores de corte
hacia una temperatura especifica.

T = 1.107 V Log S-M |
F-M

Donde:

tiempo (minutos) para enfriar a temperatura
°F

7/8 tiempo de enfriamiento (minutos)
Temperatura (°F) del producto inicialmente
Temperatura (°F) del preducto ya frlo
Temperatura (°F) del aire frfo que entra en la
caja

o< N

<
I

(_Q.903T )
log S - M
F-M

Donde T, S, F, M, son medidos bajo condiciones actuales de
operacion.

La Tabla 6 muestra el flujo de aire y presién necesaria para enfriar una
caja de un tipo especifico de flor. El requerimiento de flujo de aire (en
pies cubicos por minuto) para un sistema puede ser determinado por la
multiplicacién del requerimiento por el nimero de cajas & ser enfriadas
y por la suma de un 25% adicional de capacidad para compensar las
fugas de aire. La cantidad de cajas enfriadas debers basarse en la
cantidad méxima de un dfa de cosecha. La calda de presién para el
sistema es equivalente a la calda de presi6n a través de una caja mas
25% de presi6n adicional como factor de seguridad. (No es
recomendable para la operacién de pre-enfriamiento, estibar las cajas
de punta a punta).

Las figuras 7 y 8 ilustran dos métodos para establecer un pequeiio
sistema porté4til de enfriamiento por aire forzado en un cuarto frfo



existente. Se deben de disefar especlificamente instalaciones de
enfriamiento que permitan el manejo de 30 a 40 cajas por hora.
Comdinmente las cajas se manejan en estibas de seis a ocho cajas de
alto y son colocadas en una carretilla con ruedas o en tarimas. La
unidad de cajas es colocada en frente de un plenum de aire llamado
pared frfa (ver figura 10). Las unidades de cajas también pueden
estibarse en dos columnas, separadas por algunos pies, a la par de
una entrada de aire. El espacio entre columnas se cubre con una lona,
causando que el aire sea llevado a través de las cajas (ver figura 11),

Las instalaciones para el sistema de enfriamiento por aire forzado
deberén disefiarse de manera que haya un flujo continuo de cajas del
érea de empaque hacia el 4rea de enfriamiento y del drea de
enfriamiento hacia un 4rea de espera o de almacenaje.

2. Ventiladores

Los enfriadores por aire forzado utilizan ventiladores centrifugos (més
conocidos como "squirrel cage”) ¢ de fluido axial {impulsados por
hélice). Diagramas esqueméticos de ventiladores tipicos usados en el
enfriamiento por aire forzado se muestran en las figuras 1-3, 7, 8 y
12. Se seleccionan los ventiladores en base a dos criterios, el flujo
de aire requerido, medido en pie cubico por minuto (cfm), y la presién
estatica requerida, medida en pulgadas de agua. Los requerimientos
especlficos son determinados por el tipo de producto, la cantidad de
cajas, la ventilacién de las cajas y el grado de enfriamiento deseado.
Uno puede esperar una tasa comparativamente lenta de enfriamiento
sin movimiento de aire forzado (enfriamiento de cuarto), (Figura 13,
curva A). Les curvas By C demuestran el incremento en el grado de
enfriamiento posible con grados de flujo de aire de.1/2 a 1 pie cubico
por minuto por libra de producto, respectivamente. Los
requerimientos de flujo de aire y presién estatica para enfriar por aire
forzado ciertas frutas y vegetales se muestran en la Tabla 7. En
general, el enfriamiento por aire forzado logra remover el calor de 5 a
10 veces més rapido que el enfriamiento convencional de cuarto.

No todos los ventiladores estan disefiados para mover el aire al
volumen y presién estética requerida por el enfriamiento por aire
forzado. (La presién estética, en este €aso, es la resistencia al
movimiento de aire presentado por los paquetes de producto.) Las
curvas de ventiladores que muestran informacién de presién y
volumen, tal como el mostrado en la figura 14, estan disponibles para
la mayorfa de ventiladores comerciales e industriales. Notese que hay
una relacién inversa entre el grado de presi6n y de flujo de aire. Enla
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figura, por ejemplo, el grado de flujo de 1 pulgada de presién de agua
es 4,000 pies cubicos por minuto (cfm), mientras que a la presién de
1/2 pulgada el grado de flujo se incrementa a mas de 6,000 cfm.

Ademés de grados y temperaturas de flujo de aire, muchas otras
variables influyen en el tiempo requerido para enfriar producto con aire
forzado, incluyendo el tamaiio y figura del producto y la configuracién
y ventilacién de las cajas. Mientras mas grande la distancia del flujo
de aire, mayor ser4 la calda de presién y més largo el perfodo de
tiempo de enfriamiento para un flujo de aire dado. El grado y duracién
6ptima del flujo de aire para un enfriamiento apropiado varfa con el
tipo de productu que se est4 enfriando. En la practica, sin embargo,
un grado de flujo de aire de aproximacamente 1 a 3 pies cubicos por
minuto a 1/2 pulgada de presién estatica deberfa ser suficiente para la
mayorla de frutas y vegetales.

El grado de flujo de aire a través de un sistema de ventilacién en una
estructura de enfriamiento puede ser medido con suficiente exactitud
usando un manémetro de tubo-U barato montado en el ventilador
(Figura 15). Los manémetros de tubo-U son disefiados para medir las
diferencias en la presién del aire. Un lado del manémetro esté
conectado en el lado contra corriente del ventilador, lo m&s lejos
posible de las aspas y el otro lado esta abierto al aire del cuarto.
Sabiendo la presién est4tica del aire a través del ventilador y
consultando el cuadro de funcionamiento que usualmente est4
provisto en los nuevos ventiladores, el grado de flujo de aire puede ser
determinado con exactitud.

El interior de un cuarto frlo es a menudo himedo o incluso mojado.
Por lo tanto, los motoses de los ventiladores deben-de ser del tipo
totalmente encerrados, enfriados por ventiladores, y con su respectiva
tierra para prevenir una descarga eléctrica.

También es buena idea controlar el ventilador con un termostato de
voltaje de Iinea montado en la corriente de aire. El termostato apagaréa
el ventilador cuando el producto se ha enfriado a un punto
predeterminado, conservando de esta manera energfa. También
reducira los efectos desecantes del aire enfriador yYa que no permitira
que el ventilador continué funcionando por un perfodo prolongado de
tiempo después que el producto se ha enfriado.
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3. Cajas

Se han usado gran variedad de empaques para enfriamiento por aire
forzado. Estos incluyen cajas de cartén de fibra, jabas de madera, y
cajas de buito. El Gnico requerimiento es que estas tengan suficiente
espacio abierto en los lados y en el fondo para asegurar el movimiento
apropiado de aire a través de las cajas. La mayorfa de cajas
comerciales estdn diseiiadas con aperturas adecuadas. De lo
contrario, se deben de agregar o agrandar aperturas para que un 5%
de la superficie lateral y un 3 a 5% del fondo estén abiertos. Ranuras
de por lo menos 1/2 pulgada de ancho son mejores que aperturas
circulares que pueden ser bloqueadas por el producto. Estas aperturas
deberdn estar bien distribuidas sobre la superficie de la caja para
asegurar una buena distribucién de aire. La velocidad de aire y
suficiente capacidad de refrigeracién son componentes criticos para ei
enfriamiento por aire forzado, asi como el uso de cajas ventiladas y la
utilizacién dz2 un patrén apropiado de estiba para las cajas.

Algunos productores usan contenedores refrigerados para el
enfriamiento de su producto. Estas unidades normalmente tienen una
capacidad de refrigeracion de 2.5 - 3 toneladas. No tienen suficiente
flujo de aire para que el aire frfo haga contacto con el producto para
un enfriamiento rapido. No obstante, se puede colocar un ventilador
dentro del contenedor refrigerado y adaptado para incrementar el
grado de enfriamiento. La duracién total de tiempo desde el inicio de
enfriamiento por aire forzado hasta una temperatura final del producto
de 1°C no deber4 ser m&s de una hora para los productos altamente
perecederos.

q, Enfriamiento Evaporativo

Un tipo de enfriamiento por aire forzado de bajo costo adaptado a
areas de produccién templadas del altiplano en Centro América se
llama enfriamiento evaporativo. El enfriamiento evaporativo puede
usarse como un método barato para remover algun calor del campo de
producto donde no hay refrigeracién disponible. Se puede reducir la
temperatura del aire de 5-8°C al pasar por un enfriador evaporativo
durante el tiempo més caliente del dfa. Se logra rociando o mojando
el producto en presencia de una corriente de aire seco o forzando aire
seco a través de una almohadilla mojada. El enfriamiento evaporativo
trabaja mejor cuando la humedad relativa del aire es menor del 65%.
Sin embargo, en su mejor punto, reduce la temperatura del producto
solamente de 5° - 8°C bajo ambiente Yy no provee enfriamiento
consistente y completo.
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El enfriamiento evaporativo es relativamente barato comparado con
refrigeracién y consume muy poca energla. El costo inicial sera de
varios cientos de délares para un sistema nuevo v los costos de
operacién serdn de 10-15 Centavos por hora. La figura 16a, inciso b,
ilustra un sistema sencillo de enfriamiento evaporativo.

Los enfriadores tipo gaveta son usualmente equipaaos con un
ventilador centrffugo de jaula de ardilla para proveer flujo de aire, una
bomba de succién para el envio de agua hacia la parte alta de las
almohadillas de enfriamiemo y un flotador para mantaner el nivel del
agua. Los requerimientos de agua son mlnimos por lo que el agua no
tendré que ser recirculada. Una lfnea de presién puede enviar
suficiente agua hacia los canales de distribucién para mantener las
almohadillas mojadas y el exceso puede ser eliminada.

Las fugas de aire deberan ser selladas. Ya sea en un sistema de
ventilacién a presién o de extraccién, es esencial que todo el aire que
va a través de las almohadillas de enfriamiento, este dirigido hacia el
producto a ser enfriado.

Cualquier aire que esquive las almohadillas de enfriamiento, disminuye
la eficiencia dei sistema. En sistemas de ventilacién de extraccién el
sistema de ductos deber4 ser reforzado para soportar el vacio creado.
En un sistema de presion el aire debe de ser conducido hacia el

producto.
C.  Hidroenfriamiento

Cuando el preducto tibio se enfrfa directamente con agua frla, el proceso se
llama hidroenfriamiento. Hidroenfriamiento es una forma répida y efectiva
para enfriar el producto, principalmente debido a que el agua posee un
coeficiente de transferencia de calor mucho mas alto que e} aire. Una
comparacién de los grados de enfriamiento reiativos de hidroenfriamiento
contra enfriamiento por aire forzado contra cuartos #fos se rnuestra en la
figura 17. El hidroenfriamiento es generalmente el doble de efectivo sobre
enfriamiento por aire forzado. Se pueden disefar hidroenfriadores ya sea
para pequefias o grandes cantidades de producto. Hay ciertas restricciones
en cuanto a los arreglos de tipos de empaque y estiba usados por el
producto que debe hidroenfriarse.

El disefio del empaque del producto y los arreglos de apilamiento son criticos
para el proceso de transferencia de calor en el hidroenfriamiento. Una gran
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variedad de empaques se han usado exitosamente en hidroenfriamiento.
Estos empaques incluyen jabas de madera, cajas parafinadas de fibra de
carton, costal de polietileno y empaque a granel. Se deben de apilar
cuidadosamente los paquees para permitir que el agua ingrese al empaque.
Si el agua corre alrededor y no a través del empaque habré muy poco
enfriamiento. Los productos en cajas de cartén parafinadas con cubierta
solida son particularmente dificiles de enfriar ya que la cubierta no permite el
ingreso del agua.

Jabas de madera con un gran porcentaje de espacio abierto, son mas
adecuadas para hidroenfriamiento Ya que permiten suficiente ingreso de
agua. Producto en canastas plasticas se enfrfa muy bien debido a que el
agua frfa se percola a través del producto.

Entre los cultivos de EANT de Centro América. los siguientes son los
apropiados para el hidroenfriamiento: esparrago, alcachofa, elotillo, ejotes
frescos, arveja china, melones honeydew y cantaloupe.

Es esencial tomar en cuenta los siguientes aspectos para un buen
hidroenfriamiento:

©) usar agua lo suficientemente frfa.
@) proveer un flujo apropiado de agua
©) colocar suficiente tiempo el producto en el hidroenfriador

La siguiente informacién sobre hidroenfriamiento pretende ayudar a
productores y exportadores de productos hortfcolas frescos a tomar
decisiones precisas sobre la aplicacién de hidroenfriamiento. Se presentan
varios tipos de hidroeniriamiento, calculos de grados de hidroenfriamiento y
control de plagas poscosecha. También se incluye literatura del producto de
fabricantes de equipo de hidroenfriamiento. Los hidroenfriadores pueden
construirse en la finca, comprarse nuevos o usados. Los componentes de un
hidroenfriador consisten basicamente de un tanque con capacidad de
mantener varios miles de galones de agua, una bomba de gran capacidad,
tuberfa y vélvulas asociadas y una unidad de refrigeracién mecénica con
bobinas.

Un hidroenfriador produce agua frisada y la mueve para tener contacto con
el producto. El tipo de hidroenfriador m4s comdn y eficiente utiliza un flujo
axial o bomba de succién la cual bombea volimenes més grandes de agua
bajo muy poca presién. Esta agua es bombeada hacia una ldmina que se
extiende sobre la tapa superior y a lo largo de longitud del enfriador. La
parte inferior de esta ldmina distribuidora contiene agujeros que permiten que
<: agua frfa caiga en forma de lluvia pareja sobre el producto removiendo e!
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calor del campo y produciendo un efecto de lavado. Cuando se considera el
hidroenfriador como método de enfriamiento, es importante entender los
métodos de enfriamiento de agua que son usados y conocer los
requerimientos de empaque y apilamiento del producto.

1. Métodos de Hidroenfriamiento

En la mayorfa de hidroenfriadores, una bomba dirige el agua helada en
contacto con el producto tibio. El agua tibia entonces se re-enfrfa y
recicla. Para el enfriamiento del agua, muchos hidroenfriadores tienen
un sistema de refrigeracién con compresién de vapor (mecénico).
Algunos hidroenfriadores no usan un sistema de refrigeracion, ai
contrario, usan hielo quebrado o triturado para enfriar el agua. El
costo capital de un hidroenfriador de este tipo as mucho menor que el
que usa un sistema integral de refrigeracién y puede ser preferido por
los productores que tierien una cantidad limitada de producto. Para un
hidroenfriador de este tipo, se debe tener una fuente confiable de
aoastecimiento de hielo y a un precio razonable.

Los métodos de hidroenfriamiento difieren en sus grados de
enfriamiento y en eficiencias de proceso en general. Adicionalmente,
los hidroenfriadores varfan en cuanto al método de enfriamiento que
se usa y an el método de movimiento o colocacién del producto para
que el agua tenga contacto con él. Estos pueden ser separados en
dos disefios generales, transportador contra grupos, basado en que el
producto sea o0 no sea estacionario dentro del enfriador.
Hidroenfriadores tipo transportador se pueden dividir aun més en tipos
de regadera e inmersi6n. Hay tres tipos de hidroenfriadores que se
pueden usar para el enfriamiento de frutas y vegetales frescos que
son: tipo transportador-regadera, de grupos (batch).y tipo
transportador-inmersién.

a. i friador Tipo n -

Un hidroenfriador tipo transportador-regadera permite que ei
producto, ya sea en canastas plasticos abiertos usados en el
campo, empacado en cajas parafinadas o en jabas de madera,
pase por un transportador debajo de una regadera de agua
helada. El producto tihio es colocado en uno de los extremos
del transportador y el producto enfriado es removido en el
extremo opuesto. La velocidad a la cual el transportador, y por
ende el producto avanza a través de la regadera es de
aproximadamente 1 pie por minuto y puede variar en la mayorfa
de los enfriadores de acuerdo a las condiciones. Esto provee un
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flujo suave del producto para que la bomba esté trabajando
constantemente y no requiere que se pare su funcionamiento
para descargar o recargar el enfriador. Se lleva a cabo una
canalizacién debido a que el agua sigue el camino de menor
resistencia y por lo cual corre més rapido a través de las
aperturas mayores (canales) entre los productos individuales.

La canalizacién disminuye la uniformidad del enfriamiento
dentro del contenedor e incrementa el tiempo requerido para el
enfriamiento. La profundidad adecuada para el producto y un
grado suficientemente alto de aplicacién de agua puede
minimizar la canalizacién. El tamafio de largo del transportador
es critico y depende del volumen de producto a ser enfriado y la
cantidad de enfriamiento requerida (temperatura inicial contra
final del producto). La velocidad del transportador puede ser
incrementada o disminuida como ajuste para diferentes grados
de enfriamiento y temperaturas iniciales. Las figuras 18, 19a, b
Y 20 muestian un hidroenfriador tipo transportador-regadera.

Los fabricantes de hidroenfriadores tipo transportador-regadera
comunmente diferencian sus diferentes modelos por su largo.
Por ejemplo, un hidroenfriador de ‘10 pies’ tiene una longitud
activa de enfriamiento de 10 pies, aunque tenga un largo de
haste 20. El largo adicional se usa para transportadores de
carga y descarga. Mientras mas grande sea el 4rea activa de
enfriamiento, mayor serd la capacidad de! hidroenfriador.

i. Requisitos de Flujo de Agua

El hidroenfriamiento requiere de grandes cantidades de
agua parg pasarla por el producto. Se han realizado
pruebas para determinar la cantidad de flujo de agua {rfa
necesaria para el enfriamiento més efectivo de frutas y
vegetales. £l grado de flujo de agua de 15 a 20 galones
por minuto por pie cuadrado de 4rea activa de
enfriamiento (superficie de lIadmina de distribucién) son
recomendadas (i.e., 600 a 800 litros/min/m?). Por
ejemplo un hidroenfriador con un area activa de
enfriamiento de 1 metro de ancho por 5 metros de largo
(5 metros?) requerir4 la circulacién de 4,000 litros por
minuw. WUna tarima de producto de 48" por 48" tiene un
drea de 16 ples? y reauerirs de 240 a 320 galones por
minuto para ser distribuido proporcionalmente sobre el
producto en dicha tarima. Cualquier cantidad menor a
este volumen, resultard en menos enfriamiento, mientras
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que mas de este volumen no proveerd un enfriamiento
adicional considerado. La ldmina de distribucién esta
perforada para permitir una calda de agua helada en el
producto. La temperatura del agua debe de estar lo mas
préxima a 0°C posible.

La mayorfa de hidroenfriadores tipo transportador-
regadera son unidades de alta produccién con grandes
sistemas de refrigeracién y componentes de larga
duracién. Dado a su costo relativamente alto, estos
deben de ser operados por perlodos considerables de
tiempo cada afio para que sean econémicamente
justificados. Con areas de produccién relativamente
pequeiias, estos hidroenfriadores tendréan que ser usados
por mas de un productor (o con mas de un producto) o
por una cooperativa de productores y empacadores para
que sean rentables.

b.  Hidroenfriadores Tipo Grupos (Batch)

Hidroenfriadores de grupo (batch) son recintos sin
transportadores. Cajas o paquetes de producto se cargan al
recinto y se colocan directamente debajo de la la ldAmina (panel)
de distribucién. Se cierra la puerta del recinto y grandes
cantidades de agua helada caen sobre el producto esta agua se
coiecta del fondo, es enfriada de nuevo y se recicla. El
producto permanece estacionario durante el proceso de
enfriamiento. Al finalizar el perfodo de enfriamiento, se detiene
el funcionamiento de la bomba, se reemplaza el producto
enfriado por producto tibio y se repite todo el proceso.

La mayoria de hidroenfriadores tipo grupos (batch) pueden
enfriar unicamente una tarima de producto a la vez como se
muestra en las figuras 21a, b y 22a, b. Estos hidroenfriadores
generalmente tienen menor capacidad que los tipo
transportador. Son generalmente menos caros y mas féciles de
construir. Son los més apropiados para productores con una
Cantidad limitada de producto y que no pueden justificar
econdmicamente el uso de una unidad mayor,

Uno de los reclamos mas comunes tanto del hidroenfriado tipo
transportador como del tipo de grupos, es que estos no enfrlan
todas las cajas en forma uniforme. Es probable que el agua
helada no sea distribuida uniformemente a través de la carga,
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dejando algunas partes con menos enfriamiento. Para superar
esta deficiencia, algunos hidroenfriadores de grupos usan un
ventilador de alta capacidad para atraer una llovizna fina de
agua helada a través de los paquetes de producto. El aire
forzado tiene el efecto de hacer que el enfriamiento sea mas
consistente pcrque hace que el agua pase por el producto en
una forma mas pareja de la que ocurrirfa solamente por medio
de flujo de gravedad. Este disefo conocido como hidroenfriador
de aire se ha usado con exito con productos que son
particularmente diflciles de enfriar. La figura 23 muestra una
unidad tipica de hidroenfriador por aire.

¢.  Hidroenfriador Tipo Transportador - Inmersién

Los hidroenfriadores tipo transportador-inmersién son tanques
rectangulares largos y poco profundos que contienen agua
helada en movimiento. Jabas o cajas de producto tibio se
colocan en un extremo del tanqus y se mueven por medio de
transportadores sumergidos hacia al otro extremo en donde son
removidos. Hielo triturado o un sistema de refrigeracién de
compresién de vapor mantiene el agua helada mientras que una
bomba mantiene el agua en movimiente. Un mal enfriamiento
ocurrirfa si el producto es movido con el agua, por lo tanto
hidroenfriadores tipo inmersién transporta el producto ya sea en
contra (contra el flujo) o a través del flujo. Se deben se disefiar
los transportadores para que haya movimiento del producto a
través y fuera del agua. La duracién de tiempo que el producto
permanece en el agua varla con las condiciones iniciales y
temperatura final deseada. Este tipo de hidroenfriamiento
elimina el problema de canalizacién del agua.. El agua entra en
contacto con todas las superficies del producto. El problema
principal de sumersién es que cuando el producto esta
empacado a granel, el movimiento del agua es bastante
restringido. Dado a que el movimiento del medio enfriador
sobre la superficie del producto es un componente critico para
obtener enfriamiento rapido, la restriccién puede ser una
desventaja seria. El movimiento restringido de agua
generalmente se puede corregir con el uso de bombas o hélices
para circular el agua alrededor del producto. Un segundo
problema con sumersién es que muchos cultivos de hoja tienen
menos densidad que el agua y como consecuencia flotan. Para
impedir flotacién, se requieren algunos métodos mecénicos para
mantener el producto debajo del agua. La figura 24 muestra un
hidroenfriador de inmersi6n cargado con jabas de malz dulce.
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Pruebas han demostrado que el hidroenfriamiento mas répido se
obtiene al sumergir el producto en tanques con agua helada
agitada. El hidroenfriamiento por inmersién es casi dos veces
més répido que el hidroenfriamiento tipo regadera. Con el
hidroenfriamientio convencional, el agua helada que es rociada
o derramada sobre el producto hace contacto con solo una
porcion de si! superficie. Esto resulta en que la transferencia de
calor no sea al méximo. El hidroenfriador por inmersién
disminuye la temperatura mas rapidamente dado a que el agua
helada en movimiento rodea completamente la superficie
exterior del producto.

El hidroenfriamiento por inmersién se practicé anteriormente
colocando producto suelto en tanques de agua helada. Hoy en
dla, este método se practica muy raramente porque la mano de
obra es intensiva y gran parte del efecto del enfriamiento se
pierde al empacar el producto. Incluso, trabajadores en ias
plantas empacadoras a veces se muestras renuentes a manejar
el producto mojado y frlo. El lavado da un bulto de ejotes
verdes en agua helada antes de su clasificacién y empaque, es
un ejemplo de hidroenfriamiento por inmersién.

Si hay hielo disponible, éste puede sustituir una unidad
mecanica de refrigeracién para mantener frfa el agua. Se
requiere de un bloque de hielo de aproximadamente 300 libras
por cada 400 litros de agua para el enfriamiento inicial. A
medida que el agua se entibia durante el proceso de
enfriamiento, se agrega hielo periédicamente para mantener la
temperatura del.agua. .

2. Determinacién de grados de hidroenfriamiento

Para operar un hidroenfriador de forma eficaz y eficiente, es necesario
entender la forma de como el agua quita el calor del producto y los
factores que afectan el grado de enfriamiento. Cuando cualquier
objeto se calienta o enfrfa, el proceso flsico es conocido como
transferencia de calor. Hay varios mecanisrnos diferentes de
transferencia de calor. En el proceso de hidroenfriamiento, el ca:or en
el producto es llevado por la corriente del agua en movimier(.. Este
tipo de transferencia de calor se conoce como conveccién. Varios
factores contribuyen al grado en el cual el calor se transfiere durante
la conveccién. Uno de estos factores, llamado el coeficiente de
transferencia de calor, permanece casi constante para todo tipo de
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productos. El coeficiente de transferencia de calor es una medida de
qué tan répidamente se transfiere el calor de la superficie de un
objeto. Un valor cominmente usado para el coeficiente de
transferencia de calor es de 120 Btu por hora por pie cuadrado por
grado farenhaeit.

Otros factores también afectan el grado de transferencia de calor,
como el drea de superficie del producto y la diferencia de temperatura
entre la superficie del producto y el agua frfa. El grado de
transferencia de calor se incrementa cuando el 4rea de superficie del
producto se incrementa o cuando la diferencia entre la temperatura del
producto y la temperatura del agua se incrementa.

El area de superficie que esta expusesta al agua frla varia
considerablemente entre diferentes tipos de productos. Por ejemplo,
el drea de 10 kg de cantaloupes es menor que la de 10 kg de
esparrago. Por lo tanto, si es hidroenfriado en agua de su misma
temperatura, se espera que los esparragos se enfrfen més rapido que
los cantaloupes. Adicionalmente, mientras més grande la diferencia
entre el agua y la temperatura del producto, més rapido sers sl
enfriamiento.

Cuando se hidroenfria una fruta o producto vegetal, el grado de
enfriamiento del interior del producto es de importancia primordial.

3. Capacidad de refrigeracién

Los investigadores har desarrollado una gréfica que sumariza
informacién actualizada sobre la transferencia de calor para varias
frutas y vegetales. Esta gréfica se muestra en la figura 24 y muestra
una familia de 8 Iineas ideales de enfriamiento para varios tipos de
productos sumergidos en agua helada agitada. Estas lineas son solo
aproximaciones y estan basadas principalmente en el tamaiio ffsico del
producto. El eje horizontal es el tiempo de enfriamiento en minutos Yy
el eje vertical es la diferencia de temperatura decimal (DTD) de la
temperatura que se desea alcanzar. Para calcular el tiempo de
hidroenfriamiento para un tipo especifico de producto, use esta
ecuacién para el DTD:

DTD = r-w
P- W

donde: T = la temperatura que se desea alcanzar (°F)
w = la temperatura del agua
P = la temperatura inicial del producto (°F)
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Ejemplo: Un turién de esparragos con una temperatura de 75°F, ser4
hidroenfriado por inmersién en agua a 33°F. ;Cuénto tiempo tomar4
reducir la temperatura hasta 37°F? La figura 25 debera consultarse
antes, para localizar la linea da enfriamiento (8) que es aplicable a
esparragos. Seguidamente se calcula el DTD a través de la siguiente
ecuacién:

OTD = 37-33 = 0.1
75-44

Encontrando la localizacién en la figura 25 en donde la curva B
intersecta el DTD = Iinea 0.1 y proyectandose hacia &bajo al eje X,
veré que el tiempo requerido para enfriar el esparrago de 75°F a 37°F
es aproximadamente 30 minutos.

En el ejemplo anterior, se asumfa que los turiones individuales de
esparragos fueron sumergidos completamente en agua helada agitada.
Recuerden que la inmersién es el método de hidroenfriamiento més
répido posible. Cuando el esparrago es totalmente sumergido, todas
las superficies exteriores son cubiertas por agua helada. Si los
esparragos fueran hidroenfriados en un hidroenfriador tipo regadera, o
empacados en jabas con otros turiones de esparragos, el t ampo de
enfriamiento serfa mas largo. Informacién publicada por los
fabricantes de hidroenfriadores tipo regadera sugieren que el tiempo
de enfriamiento para su equipo sea estimado de 40 a 80% més que
para hidroenfriamiento por inmersién. El tiempo de enfriamiento para
esparragos en un hidroenfriador tipo regadera puede ser estimado por
la multiplicacién del grado de hidroenfriamiento por inmersién por un
factor de conversién de 1.5:

30 minutos x 1.5 = 45 minutos
{(grado de (Factor {(grado de
hidroenfriamiento conversién) hidroenfriamiento
por inmersién) tipo regadera

Se debe de usar la figura 25 como una breve gufa tnicamente.

La cantidad de capacidad de refrigeracién necesaria para
hidroenfriamiento continuo se muestra en la Tabla No. 8. Grandes
cantidades de producto a ser enfriado requieren mayores cantidades
de refrigeracién. Requerimientos de refrigeracién se expresan como la
cantidad da refrigeracién por peso unitario del producto. Los
requisitos de capacidad de refrigeracién también aumentan con los
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incrementos en la cantidad de calor que debe ser removido y con la
fuga de calor dentro del medio de enfriamiento del medio ambiente.
Tlpicamente cerca del 50% del total de refrigeracién se usa para
absorber el calor del producto, el calor sobrante viens cel medio
ambiente. Con insulaci6n apropiada, el porcentaje absorbido del
producto puede incrementarse hasta un 80%.

Los requerimientos de refrigeracién son cominmente presentados
como toneladas de refrigeracién, la cantidad de enfriamiento
producido cuando 1 tonelada (2,000 libras) de hielo (0°C) se derrite
durante un perfodo de 24 horas.

Los enfriadores que requieren menos de 40 KW (equivalente a cerca
de 12 toneladas de refrigeracién) de capacidad de refrigeraciéon (4 KW
de refrigeracién requiere cerca de 1 KW de capacidad de compresor, 6
1 tonelada requiere aproximadamente 1 caballo de fuerza de
capacidad de compresor) pueden ser facilmente construidos en el
campo. Sistemas m4s grandes deben de ser disefiados por un
ingeniero.

Un estimado de la cantidad de capacidad de refrigeracién necesaria
para instalaciones de menor escala no requieren célculos detallados.
Se puede usar la figura 26 para estimar la capacidad de refrigeracién
necesaria para e! manejo de enfriador poco mayor de 4,000 kg por
hora (10,000 Ib/hr). Por ejemplo, si se enfrla un producto de 24°C
(75°F) hacia 2°C (35°F), serla necesaria una calda de temperatura de
cerca de 22°C (40°F) y el enfriador deberd manejar un méaximo de
1800 kg por hora (4000 Ib/hr), y después 70 KW (20 toneladas) de
capacidad de refrigeracién. Los estimados de esta figura se basan en
enfriamiento répido y razonable. La figura también_se basa en la
suposicién de que el calor ingresado al enfiiador desde fuentes ajenas
al producto son menos que un 25% del total.

También se puede determinar la capacidad de tonelaje de refrigeracién
mecanica a través de la siguiente formula; multiplique la mayor
cantidad de libras de producto a ser enfriado por hora por la reduccion
deseada de temperatura en grados F. Después lo divide por 12,000.
Agregue 15% a esta cantidad para permitir el calor atmosférico vy el
calor aportado de la maquinaria (bombas). £l totai es la cantidad de
toneladas de refrigeracién requerida. Por ejemplo, para hidroenfriar
600 libras de espairago a 35°F de la temperatura de! turién, de un
turién cosechado a una temperatura inicial de 85°F:
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600 libras de producto
x50°F (85°F a 35°F)
30,000 + 12,000 = 2.5 toneladas

2.5 toneladas x .15 = .375 toneladas
2.5 + .375 = 2.875 toneladas requeridas por hora

El costo de una uridad de refrigeracién mecénica es de $1250 por
tonelada aproximadamente.

Para un estimado de consumo de energfa de la unidad mecanica de
refrigeracion, use 2 caballos de fuerza (HP) por tonelada y 2.5 amps
por HP con una Iinea de corriente trifasica de 230 voltios. Use esta
férmula para célculos de kilowats (corriente trifasica unicamente) de
consumo de energfa: 1.73 x amps x voltios x factor de energfa +
1000.

Algunos hidroenfriadores a pequeiia escala usan hielo para
enfriamiento. Se puede utilizar la figura 27 para estimar la cantidad
diaria de hielc necesaria para operar un hidroenfriador pequeio. Por
ejemplo, si 2700 kg de producto por dfa (6000 Ib/dfa) se enfrfan a
aproximadamente 22°C (40°F) entonces un poco més de 1.7
toneladas del hielo serfan derretidas. La figura se basa en un 50% del
hielo que se estd usando para el enfriamiento de producto y el
restante del potencial de enfriamiento se pierde a una ganancia de
calor externo. Este nivel de eficiencia es comun para hidroenfriadores
que usan hielo.

4. Eficiencia de Energla

, X
Los hidroenfriadores de inmersi6én son los mejores para la
conservacién de energfa porque el contacto de agua al aire es mfnimo.

El uso de energfa en hidroenfriadores puede reproducirse con:

- Usando cantidades generosas de insulacién en todas las
superficies refrigeradas y colocando el hidroenfriador
oculto del viento y del sol.

- Usando tiras plasticas en ambos extremos de ingreso y

egreso del hidroenfriador tipo transportador para reducir
la ganancia de calor del agua al aire.
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- Operando el hidroenfriador a su capacidad maxima. La
operacién intermitente desperdicia energla as/ como la
operacién a capacidad reducida. Un hidroenfriador de
capacidad baja en operacién por perfodos largos es mas
eficiente y econémico que una unidad de alta capacidad
en operacioén por perfodos cortos. Algunos
hidroenfriadores se pueden comprar ahora con una
opcién de almacenaje termal. Una capacidad de
almacenaje termal disminuye el tamaiio de la unidad de
refrigeracién que se requiere.

- Usando un depésito de agua de un tamaiio apropiado.
Un depdésito demasiado grande desperdicia méas energla
porque la cantidad restante de enfriamiento se pierde
cuando se tira el agua al final del dfa.

5. Clorinacion y Control de Enfermedades

Aunque el hidroenfriamiento es un método excelente de enfriamiento,
éste moja el producto. La superficie del producto tibio y mojado
provee un sitio excelente para enfermedades de poscosecha. Por lo
tanto, es esencial que, una vez hidroenfriado el producto no se
permita volver a calentar. El producto es particularmente susceptible
a enfermedades de poscosecha cuando ha sido sujeto a dafios
mecanicos (roces, moretes, abrasiones). Adem4s dado que el agua
del hidroenfriador es nuevamente circulada, puede diseminar después
enfermedades de algunas frutas infectadas a todo el producto
hidroenfriado. Para disminuir la diseminacién de enfermedades de
postcosecha, se recomienda el uso de cloro como un desinfectante a
un grado de 50 a 15Q partes por millén. La clorinacién es un método
barato y preventivo de poscosecha para el control de enfermedades
que representa poca amenaza para la salud humana y el medio
ambiente. El cloro es un desinfectante usado universalmente en
sistemas publicos de agua. También es el tinico quimico aceptado por
la Agencia para la Proteccién Medio Ambiental de los Estados Unidos
(U.S. EPA por sus siglas en Inglés) y por la Agencia de Alimentos y
Drogas de los Estados Unidos (U.S. FDA por sus siglas en Inglés) para
SuU uso en vegetales después de cosechados. El cloro no deja residuo
Ya que se convierte en gas y se evapora después de desinfectar la
superficie del producto. El cloro para su uso en agua de
hidroenfriamiento se puede comprar en forma de una solucién de
hipoclorfto de sodio (por ejemplo Clorox) (5.25% de cloruro
disponible) o como hipoclorfto de calcio seco y en forma polvorosa
(65% de cloruro disponible). Ambos cloruros que contengan quimicos

24



del mismo ingrediente activo, 4cido hipocloruro, cuando se les agrega
agua. Si se usa agua dura, puede haber un problema de precipitacién
con el hipoclorfto de calcio. En ese caso, el hipoclorito de sodio
deberd usarse a cambio. Al agregar Ca (OC1), granulado
directamente al agua a menudo resuita en particulas no disueltas que
se adhieren al producto y que pueden catisar quemaduras de cloro y
descoloracién. Esto es particularmente cisrto en hidroenfriamiento ya
que Ca (OC1), se disuelve muy lentamente en agua frfa. El Ca
(OC1), granulado siempre deber4 ser disuelto en una pequena
cantidad de agua tibia antes de agregarlo al hidroenfriador. El peso de
65% Ca (0OC1), y el volumen de 5.25% NaOC1 requc:ido para
obtener una concentracién especifica de cloruro disponible en el agua
del hidroenfriador se muestra en las Tablas 9 y 10.

Para la misma cantidad de clorinacion, una solucién de NaOC1 es
generalmente més cara que la de Ca{OC1), granulada debido a los
costos adicionales de envio y manejo asociados con la menor
formulacién liquida concentrada.

Varios tipos de sistemas de clorinacion pueden usarse para la
medicién del cloro. Un sistema manual puede construirse facilmente
usando una bomba de inyeccién conectada al tanque de agua del
hidroenfriador. Los costos de un sistema manual incluyen el costo del
tanque, fuente de cloro, tuberfa, una bomba de inyeccién ($350-
$450) y un equipo profesional de anélisis para cloro (Hach) (aprox.
$60), un medidor de pH portétil (aprox $60) o papel "litmus®. El
juego de anélisis de cloro para piscinas no debera usarse, ya que éste
esta diseiado para medir niveles bajos de cloro (2 a 6 ppm).

Agregue 2 onzas de Ca (OC1), por 100 galones de agua 6 150 grms
por 1000 litros para obtener 100 ppm de cloro activo. Sila fuente de
cloro es NaOC1, agregue 1.6 pintas por 100 galones, 6 2 litros por
1000 litros de agua, para obtener 100 ppm de cloro.

Varios factores afectan la cantidad de cloro disponible en el agua a
través del tiempo. El cloro usado en el agua para hidroenfriamiento es
bastante vol4til y se dispersaré en el aire a un grado que incrementa
con la temperatura del agua. Mientras més caliente este el agua, mas
rapido se separara el cloro de la solucién. Ademés el cloro tiende a
juntarse con las particulas del suelo. Entonces, un producto sucio usa
el cloro disponible mucho més rapido que un producto relativamente
limpio.
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D.

Ademés de los factores arriba mencionados, el pH del agua tisne un
efecto significativo en la disponibilidad del cloro. Aun cuando una
cantidad de cloro que normalmente serfa suficiente se agrega al agua,
puede ser que el cloro no esté disponible en una forma utilizable si el
agua es dcida (un pH abajo de 6.5) o basica (un pH arriba de 7.5).
Para que el cloro sea optimamente utilizable, el pH del agua para
hidroenfriamiento deber4 ser casi neutral (pH de 7.0). Se requiere
m&s de siete veces el cloro para desinfectar a un pH de 8.5 que a uno

de 7.0.

Debido a que el pH del agua de pozo varfa desde moderadamente
acida a moderadamente bésica, siempre es una buena idea analizar el
agua con un medidor de pH o con papelitos de prueba. Varias
compaiilas fabrican equipo de anélisis de cloro (i.e. Hach o
Chemetrics) aptos para el anélisis de agua de hidroenfriadores. Aun
cuandn el agua tiene un pH casi neutral. la adicién de hipocloritos
causar ' > el agua se vuelva basica. Por lo tanto, puede ser
necesai.. agregar una cantidad pequena de 4cidos comunes como
jugo de limén o vinagre para corregir el pH. Se debe mantener un
control frecuente de ambas, la concentracién de cloro y el pH del
agua.

Los organismos que causan enfermedades pueden ingresar al agua de
hidroenfriamiento tanto en la forma vegetativa activa como en la
forma de espora. El cloro matar4 répidamente la forma vegetativa
pero las esporas son de 10 a 1,000 veces més dificil de matar. Por lo
tanto, el tratamiento de cloro no eliminan todos los patégenos.
Muchas esporas pueden quedarse en la superficie y desarrollarse
después si el producto su vuelve a calentar. La efectividad del
tratamiento de cloro depende del tiempo de la exposicién.
Afortunadamente, la exposicién larga que es comdn con el
hidroenfriamiento es mucho mas efectiva que un tratamiento de una
inmersién rapida. Sin embargo, la clorinacion solamente es un
tratamiento de superficie. Si los patégenos ya han empezado a
desarrollarse dentro de la superficie, el cloro no tendra efecto.
Incluso, las soluciones de clorn pueden producir descolorizacién de la
superficie. Es necesario la piecisién en las concentraciones de cloro
en el agua de hidroenfriamiento.

iami r

El enfriamiento por cuarto frio consiste en la exposicién de productos frescos
al aire frlo en un cuarto refrigerado. Este es un método comunmente usado
para productos con una vida de almacenaje relativamente larga, tales como:
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cebollas, cultivos de raiz y citricos. También se usa para frutas tropicales y
melones honeydew. Un arreglo sencillo de cuarto frfo es la descarga de aire
frfo del evaporador dentro del cuarto, en forma horizontal un poco abajo del
techo. El aire frio topa en el techo y regresa haciz i producto apilado en el
piso. El grado de enfriamiento es relativamente lento. Una perdida
significativa de vida de mercado puede ocurrir si este método de
enfriamiento es usadu para productos altamente perecederos. Por lo tanto,
no es conveniente el uso de este método de enfriamiento para la mayoria de
productos de EANT. Para obtener los mejores resultados de enfriamiento
por cuarto frio se requiere de una velocidad de aire de 200 a 400
pies/minuto (60 a 120 metros/minuto) alrededor de las cajas, las cuales
tienen que estar debidamente ventiladas. Cuando el enfriamiento ha
terminado, la velocidad del aire alrededor de las cajas deberd ser reducida
hasta de 10 a 20 pies/minuto.

Una de las ventajas principales de enfriamiento en cuarto frio es que el
producto puede ser enfriado y almacenado en el mismo cuarto sin necesidad
de ser trasladado.

La utilizacién de inyectores de aire en el cielo (ceiling jets) es una
modificacién de cuarto frfo la cual dirige el flujo de aire a través de la
superficie de las cajas para mejorar la remocién de calor. Aire frlo es
inyectado entre el techo y un cielo falso. La presién positiva que resulta,
forza el aire dentro del cuarto a través de conos en el cielo. El piso de un
cuarto frio estd marcado para la estiba de tarimas o cajones para que el aire
de los conos alcance las esquinas de las unidades estibadas y lo riege dentro
de los canales entre si. Seguidamente, un plenun de retorno de aire, lo
conduce en una sola direccién.

Mientras que el enfriamiento por cuarto frio es mejor a nada, es el método
menos deseado debido al largo tiempo que toma para remover el calor del
campo de un producto. Pequefios cuartos frios pueden ser construidos por
productores, se compran en forma prefabricada, o como vehlculos usados de
transportacién (i.e., trailers o contenedores maritimos). Estos contenedores
usualmente tienen una capacidad de refrigeracién de 2.5 a 3 toneladas. Se
puede colocar y adaptar un ventilador dentro del contenedor para
incrementar el grado de enfriamiento.

E. jamien iel
También se puede usar hielo liquido o triturado para enfriar ciertos productos
horticolas. Este se adapta a los siguientes cultivos de EANT: brocoli, melén

cantaioupe, elotillo y vegetales de hoja. No obstante, no es tan versétil o
econémico como el aire forzado o hidroenfriamiento, y no puede ser usado
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con muchos productos de EANT. El enfriamiento se lugra lienando las cajas
empacadas con producto de cantidad pre-escritas da hielo o una
combinacién de hielo o hielo liquido. La efectividad del enfriamiento
incrementa el creciente contacto entre el hielo y el producto. Un
enfriamiento rdpido ocurre con hielo, pero el grado de enfriamiento
disminuye conforme el hielo se derrite y menos hielo se mantiene en
contacto con el producto. Se pueden comprar unidades de fabricacién de
hielo y almacenaje del mismo en una gran variedad de tamaiios, y la mayoria
representan una gran inversion de capital. Se coloca hielo empacado en el
contenedor de forma automética por medio del uso de una maquina
dispensadora automatica o manual con una palanca. Si se usa hielo
empacado, es usualmente necasario comprar Yy operar un recipiente de
almacenaje para que se pueda almacenar hielo para su uso posterior. El hielo
Ifquido provee un grado mayor de contacto inicial entre el producto y el hielo
Y se puede aplicar después de haher estibado las cajas. El rango de masa
aguada del hielo liquido en proporcién del agua a hielo es de 1.1 a 1.4 Yy
puede contener una pequefia cantidad de sal para disminuir el punto de
derretimiento. La naturaleza llquida de la masa aguada permite que el hielo
Se mueva a través de la caja, llenando todos los volumenes de vaclo de la
caja y alcanzando tcdos los agujeros y grietas alrededor de las unidades
individuales del prcducto. Después de removerla de la maquina de hielo, el
agua escurre dejando una masa relativamente sélida de hielo triturado en la
cual se introduce el producto (ver las figuras 28a, b, ¢, 29 y 30). La ventaja
principal de usar hielo llquido es el gran contacto entre el hielo y el producto
costeado por este métedo.

El uso de hielo es particularmente efectivo en paquetes densos que no se
pueden enfriar con aire forzado. Debido a que el hielo tiene un efecto de
residuo, este método trabaja bien con productos que tienen un grado alto de
respiracion tales como el elotillo. El uso de hielo es relativamente eficiente
en energfa. Una libra de hielo enfriard aproximadamente 3 libras de producto
de 85° a 40°F.

Se usan cajas de cart6n parafinadas con perforaciones inferiores o jabas de
madera con este proceso de enfriamiento.

Hay méquinas de hielo portatiles disponibles para uso en empacadoras o en
el campo. Se puede usar hielo corno el tnico método de enfriamiento para el
producto, o como enfriamiento complementario para producto que haya sido
enfriado con aire forzado o hidroenfriador.
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1. Célculo de requarimiento de hielo

Se puede considerar el hielo como una energfa termal almacenada. El
derretimiento de una libra de hielo absorberd 144 btu de calor. Se ha
demostrado que en la mayoria de aplicaciones de hielo comerciales,
solamente cerca de % 6 % del hielo es efectivamente usado para
enfriar el producto. El resto se derrite por el calor externo que pasa a
través de los lados de la caja.

Para un ejemplo de como calcular la cantidad de hielo necesaria para
enfriar 1na cantidad dada de producto, se puede cunsiderar el
enfrimiento de brocoli. Brocoli es un cultivo extremadamente
perecedero y es uno de los vegetales m&s comunmante enfriados por
hielo. La mayorfa de compradores en Estados Unidos requieren que el
brocoli llegue con porciones de hielo dentro de la caja como prueba de
un enfriamiento suficiente y continuo. El brocoli frecuentemente se
empaca en cajas de cartén que contienen aproximadamente 20 libras
de producto.

El enfriamiento de 20 libras de brocoli de 85°F a 45°F requiere la
remocién de aproximadamente 800 Btu de calor. Asumiendo que
durante su envlo y manejo adquiera o*ros 1,000 Btu del exterior, el
total de carga de calor por caja serfa de 1,800 Btu. Por lo tanto, la
cantidad mfinima de hielo requerida para proveer un enfriamiento
apropiado seria de:

B Z = 12.5 libras de hielo/caja
144 Btu/libra de hielo

El la practica, se requiere de aproximadamente 16 libras-de hielo por cada
caja de 20 libras de brocoli. El hielo adicional asegura un enfriamiento
apropiado bajo condiciones extraordinarias. Si se usa el método de hielo
Ifquido, es posible que se requiera de otras 10 libras de hielo poi caja para
enfriar y mantener el agua en la masa aguada a una temperatura taja. Por
lo tanto, en este ejemplo, un total de aproximadamente 26 libras de hielo
serfan requeridas para un enfriamiento apropiado de cada caja de 20 libras
de brocoli.

Para algunos productores ae un volumen de poco a moderado, el uso de
hielo puede proveer una opc¢ién de enfriamiento a bajo costo.

La desventaja principal del uso de hielo en un producto es que el peso del

hielo incrementa substanciaiimente el peso de embarque. Ei peso adicional
puede igualar en 35-40% del peso del producto. Por lo cual, se debe
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considerar el uso de hielo sélamente como un método de enfriamiento y no
como un medio para mantener la cadena frfa durante su transporte aéreo.
No es econémico el envfo de cajas de producto altamente perecedero
llenas de hielo per la via aérea.

F. Condiciones de Almavenaje

Las temperaturas que se muestran en la tabla 2 y 3 son las generalmente
consideradas como 6ptimas para el producto. Se recomienda que se
almacenen frutas, vegetales y flores frescas a 0°-1°C, a menos que sean
susceptibles a dafio por frio. Es muy importante que las temperaturas dentro
de un cuarto frlo de almacenamiento no fluctuen para que el producto no se
congele. Es aconsejable instalar un termostato de rango exacto de
temperatura (con rango de 1-2°C) para prevenir grandes fluctuaciones de
temperatura en el cuarto de almacenamiento. Los termostatos deberar
colocarse a aproximadamente 1.5m (5 pies) sobre el piso (para su facil
revision) y en varios lugares del cuarto. No deber4n situarse cerca de puertas
o0 cerca de descargas de aire de las unidades de refrigeracién. Se necesita una
circulacién uniforme de aire dentro del cuarto de almacenaje para remover el
calor de respiraci6n del producto. La circulacién de aire dentro del cuarto de
almacenaje deber4 ser suficiente para remover el calor producido durante la
respiracién, asl como para remover el calor que se infiltra dentro del cuarto.
Generalmente, es adecuado un rango de aire de 0.06 a 0.12m%/min por
tonelada métrica de producto (20 a 40 cfm/ton).

Esto asume una colocacién apropiada de las cajas dentro del cuarto para
permitir el movimiento de aire a través de uno o dos lados de la caja. También
asume que el producto fue completamente enfriade antes de su almacenaje.
Dado que todas las frutas, vegetales y flores de corte estan sujetas a
marchitez, es esencial un grado aito de HR dentro del cuarto de
almacenamiento. Se recomienda que la mayorfa de productos sean
almacenados entre 90 y 95% de HR. Los productos deben ser enfriados a
cerca de 0°-1°C antes de ser almacenados en ambientes de alta humedad. La
condensacién de humedad en la superficie del producto (sudor) puer'2 producir
pudricién y debe de evitarse.

Las puertas de areas refrigeradas de almacenaje deberan ser protegidas con
cortinas de tiras plasticas para reducir la ganancia de calor. El aire tibio
reducirad rdpidamente la HR en el cuarto frfo de almacenaje. Se puede obtener
una HR alta por medio de lo siguiente:
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O agregar humedad al aire con el uso de humectantes.

O mojar el piso.

O regular el movimiento de aire dentro del cuarto de almacenaje.

O tener un area grande de superficie de la serpentina del evaporador.

O mantener la temperatura de las serpentinas de refrigeracién dentro de 1°C
de ia ternperatura del aire.

El agregar agua en el cuarto de almacenaje incrementar4 la HR pero la mayor
condensacién de humedad en las superficies enfriadoras incrementar4 la
frecuencia de descongelacién de sistemas de serpentinas secas.

Hay varios tipos de instrumentos de medicién de humedad relativa disponibles.
Un instrumento comuin es el psicrémistro tipo "sling™ con dos termémetros. El
bulbo de un termémesire esta descubierto y el del otro esta cubierto con una
mecha que ha sido mojada con agua destilada. Este psicrémetro de bulbo
seco y bulbo mojado trabaja bajo el priincipio de que si el aire del ambiente no
estd saturado, el agua de la mecha mojada se evaporar4 y as enfriara el
bulbo mojadc. El bulbo mojado cae a una temperatura definitiva cuando el
calor recibido por conduccién y conveccién del aire flotando sobre el bulbo
balancea el agua pura en la mecha. De laj diferencias en las temperaturas de
los bulbos seco y mojado, se puede determinar la HR de reglas generales
proveidas con el psicrémetro o de tablas psicométricas (ver figura 31). La
infiuencia de la presién atmosférica es insignificante y no necesita ser tomada
en cuenta para los propdsitos més practicos. El movimiento répido de aire
sobre los termémetros es esencial para determinaciones exactas. Esto puede
ser efectuado por el movimiento de los termémetros 0 mas efectivamente
llevando un flujo constante de aire a través de los bulbos en un recipiente
cerrado. Las lecturas deberan hacerse rapida y cuidadosamente.

Las lecturas directas de humedad relativa pueden hacerse con higrémetros de
pelo o bien con los de tipo "gold beater’s skin®. Estas medidas estdn basadas
en el principio de que los filamentos organicos cambian su longitud como
funcién de humedad relativa. Estos instrumentos son relativamente baratos Yy
NO MUy exactos, especialmente en humedades altas. Los higrémetros
eléctricos se estdn usando cada vez més para mediciones de humedad y para
controlar equipo humedecedor. La operacién de éstos se basa en la habilidad
de una pelicula higroscépica para cambiar su resistencia eléctrica
instantaneamente con un pequefio cambio en la humedad relativa.

1. Sistemas de Refrigeracién
Los elementos bésicos de un sistema de refrigeracién son: refrigerante,

compresor, condensador y evaporador. En el almacenaje convencional
refrigerado, sl aire en el cuarto de almacenaje se enfrfa dirigiéndolo sobre
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tuberlas o serpentinas a través del cual circula el refrigerante. Mientras
mas grande sea la superficie de las serpentinas enfriadoras, més cercana
seré la temperatura del refrigerante en alcanzar la temperatura de aire
deseada, y por ende se alcanzaré la mayor humedad (ya que la
condensacién de humedad en las serpentinas se minimiza).

Las figuras 32 y 33 muestran los componentes de un sistema tipico de
refrigeracién mecénico. El lfquido refrigerante pasa a través de la vélvula
de expansién, donde la presién cae y el llquido se evapora a temperaturas
lo suficientemente bajas para ser efectivo en la remoci6n del calor del araa
de aimacenaje. El calor de! material a ser enfriado, se transfiere hacia el
aire del cuarto, el cual es forzado a pasar por el evaporador (serpentinas de
enfriamiento localizadas en el cuarto), usualmente es un tubo
transformador de calor, el cual cambia el calor del aire hacia el refrigerante
causando que éste se evapore. Despues de su cambio total a gas, éste
carabia ¢ aumento su presién por medio de un compresor y luego pasa a
través de un condensador en donde es enfriado Y se convierte en lfquido.
El condensador esté colocado afuera del area de almacenaje y despide
calor. El Ilquido se almacena en el recibidor Y es expulsado conforme sea
necesario para el enfriamiento. Una serpentina de refrigeracién disefiada
especlficamente para un hidroenfriador se muestra en la figura 34.

a. Valvula de Expansién

Pequeiios sistemas mecénicos de retrigeracién son controlados
principalmente per una vélvula de expansion, la cual regula la presién
del refrigerante en el evaporador. Las presiones bajas causan que el
lfquido refrigerante se evapore a temperaturas bajas. La vélvula
también controla el flujo del refrigerante, el cual afecta la cantidad de
capacidad de refrigeracién disponible. Los tipo més coniunes de
vélvulas de expansién son tubos capilares y vélvulas de expansién
termostética.

b. Evaporador

Los cuartos frlos de almacenamiento modernos usualmente utilizan
evaporadores de tubos refinados. El aire del almacenaje es forzado a
pasar a través de los tubos por los ventiladores, los cuales son parte
de una unidad completa de evaporacién. Los evaporadores que
operan cerca de 0°C (32°F) acumulan escarcha que debe ser removida
para mantenes una eficiente transferencia de calor. El proceso de
descongelamiento puede hacerse por medio de: la inundacién con
agua de las serpentinas en forma perlodica; por medio de calentadores
eléctricos; dirigiendo gas refrigerante caliente hacia los evaporadores,
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o puede hacerse también si se descongela continuamente con una
solucién salina o una de glicol.

c. Condensador

Los condensadores se catalogan como enfriados por aire o bien
enfriados por agua. Los sistemas pequefios generalmente utilizan una
unidad de enfriamiento por aire. Muchos tipos de refrigeracién
domésticos, por ejemplo, tienen un tubo de serpentina en la parte de
atrés la cual permite que fluya una cerriente natural de aire. Los
sistemas més grandes utilizan un ventilador que provee que el flujo de
aire pase por el condensador. Los condensadores grandes
generalmente son enfriados por agua. El agua e. mejor conductor de
calor que el calor, permitiendo que condensadores enfriados por agua
sean mas pequeiios que unidades de aire forzado de igual capacidad.
Los condensadores evaporadores reducen el consumo de agua
reciclando el agua calentada del condensador; estos requieren mayor
atencion a la calidad del agua para mantener la eficiencia Y prevenir
daiios al transformador de calor.

e. Refrigerantes

Los refrigerantes mas comdnmente usados son amonia y frion.

Ambos tienen gran capacidad de absorber el calor. La eleccién de
cual refrigerante usar en un sistema mecanico (recompresién de vapor)
se basa en los siguientes factores:

O Costo del refrigerante. Los refrigerantes de haluro son méas caros
que los de amonia. (Restricciones ambientales pueden afectar la
disponibilidad de algunos refrigerantes de haluro que ahora
usamos).

O Compatibilidad. El amania no puede ser usada con metales que
contengan cobre; los refrigerantes de haluro no pueden ser
usados con magnesio y pueden ocasionar dafio a materiales
plasticos.

O Toxicidad. El amonia en concentraciones muy pequenas puede

daiar los productos hortfcolas. También es téxico para los seres
humanos. ’
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IV. SUMARIO

El reto para e! future para pequefios productores de pocos recursos serd el adoptar
y utilizar metodos de enfriamiento de poscosecha apropiados a las empacadoras
existentes. Solo a través del manejo apropiado de temperaturas el productor podra
abastecer consistentemente con producto de alta calidad al comprador. La
competencia en el mercado internacional es intensa. Debemos comprender que la
tecnologia de poscosecha apropiada es un ingrediente esencial para alcanzar el
éxito en comercio internacional de productos horticolas.
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Table 1.

Respiration rates of frults and vegetables, expressed
as rates of carbon dloxide production {mg/kgeh), at

various temperaiures’
|

Temperzture
Commodity and 0°C 4-5°'C 10°C 15-18°C 20-21°C 25-27°C
source reference (32°F) (40-41°F) (R0°F) {59-80°F) ©8-70'F) (77-80°F)
Apples, summer (857, 882) 3-8 S-11 14-20 18-31 20-41 -
Applos, tall (428, 882) 2-4 87 7-10 9-20 15-25 -—
Apricots (158, 356) 5-6 8-9 11-19 21-34 23-52 —
Artichokaa, globe (757) 15-48 26-60 55.98 76-145 135-233 145-300
Asparagus (516) 27-80 55-138 90-304 160-327 275-500 $00-600
Avoczdos (87) - 20-30 - 62-157 74-347 118-428
Bananas, green? (262) — - - 21-23 33-35 -
Bananas, ripening (262, 687) — - 21-39 25-75 33-142 50-245
Boans, lima (9471) 10-30 20-38 - 100-125 133-179 -
Beans, snap (1071) 20 35 58 93 130 193
Bean sprouts (528) 21-23 42 93-99 - - -
Beots, topped (857) 5-7 9-10 12-14 17-23 - -
Boets, with lezves (768) 1" 14 22 25 40 -—
Berries
Blackberriea (768, 857) 18-20 31-41 62 75 3185 -
Bluebsrries* 2-10 9-12 23-35 34-62 52-87 78-124
Cranberries* (40) -— 4-5 —_ - 11-18 -
Gooseternes (429, 367) 5-7 8-16 12-32 27-69 41-105 -
Raspberries (324) 18-25 31-35 28-55 82-101 - -_—
Strawberries (600) 12-18 16-23 49-95 71-92 102-196 169-211
Broccoll (877) 19-21 J2-37 75-37 161~-186 278-320 -
Bruessels sprouts (558) 10-30 22-48 63-84 84-136 86-130 -_
Cabbaga (817, 977) 4-8 9-12 17-19 20-32 28-49 49-63
Carrots, topped (817) 10-20 13-26 20-42 26-54 46-95 _—
Carrots, bunched (817, 768) 18-35 25-51 J2-62 55-106 87-121 -
Caulitlower (817) 18-19 19-22 32-36 43-49 75-86 84-140
Celery (554, 977) 5-7 9-11 24 30-37 64 -
Caleriac (¢28) 7 15 25 39 50 - —_
Cherries, sweet (270, 623) 4-5 10-14 -— 25-45 28-32 -
Cherrias, sour (356) 6-13 13 -_ 27-50 39-50 53-7
Citrus
Graoefruit (323, 325, 817) —_ - . 7-9 10-18 13-26 19
Lomons (323, 325) - - 1" 10-23 19-25 20-28
Limes, Tahiti -— - -— 8-10 7-19 15-45
Ota~ges (323, 325, 817) 2-5 4-7 6-9 13-24 22-34 25-40
Cucumbers (224) - - 23-29 24-33 14-48 19-55
Endive (428) 45 2 73 100 133 200
Figs, tresh (15%) —_ 11-13 22-23 49-83 57-95 85-106
Garlic (570) 4-14 9-33 9-10 14-29 13-25 -—
Grapes, American (549) 3 5 8 16 k| 39
3rapes, vinitera (706) 1-2 38 8 10-12 - 25-30
Kale (409) 16-27 34-47 72-84 120-155 186-265 -
Kohlirabi (713) 10 16 31 49 - -
Cwitruit (353) 3 6 12 -— 16-22 -—
-seks (412) 10-20 20-29 50-70 75-117 110 107-119
-ettuce, head (848, 817) 8-17 13-20 21-40 32-45 $1-60 73-91
sttuco, leaf (877) 19-27 24-35 J2-46 51-74 82-119 120-173
Jychees (18) — - -— - - 75-128
fangos (455) -— 10-22 - 45 75-151 120
ige footnotes at end of table.



Table 1.
Raspiration rates of frults and vegetables, axpressed
28 rates of carbon dloxide production (mg/kgeh), at
various temperatures' — Continued

Temperature

Commodity and 0‘C 4-5°C 10°C 15-18°C 20-21°C 25-27°C
80urce reforence @2°F) (40-41°F) (50°F) {59-60°F) (63-70°F) (77-80°F)
Melons

Cantaloups (817) 5-8 9-10 14~16 34-39 45-85 82-71

Honey Dew (738, 811 - 3-5 7-9 12-18 20-27 26-35

Watermielons (817 -— 34 6-9 -— 17-25 -
Mushrooms (554, 860) 28-44 b4 100 -— 264-318 —
Onlons, dry (817) 3 3-4 7-8 10-11 14-19 27-29
Oniong, green (410) 10-32 17-39 36482 66-115 79-178 98-210
Onkra (817) -— §3-59 85-95 1358-153 248-274 328-362
Olives (598) - - - 27-86 40-105 56-128
Papayas (442) -— 4-8 -— 15-22 - 39-88
Parsloy (417) 30-40 £3-76 85-164 144-184 196-225 291-324
Parsnips (857, 977) 8-15 9-18 20-26 32-46 - -
Peaches (322, 323) 4-8 8-9 16 33-42 59-102 81-122
Pears, Bartlett (24, 563) 3-7 5-10 8-21 15-680 30-70 -
Paars, Kioffer (553) 2 - —_— 11-24 15-28 20-29
Peas, unshelled (941) 30-47 85-76 68-117 179-202 245-361 343-377
Peas, shelled (9471) 47-75 79-97 - - 349-556 -
Peppers, sweot (817) - 10 14 23 44 55
Persimmon, Japanese (289) -_— 6 - 12-14 20-24 29-40
Pineapples, mature-green (817 - 2 4-7 10-16 19-29 28-43
Plums, Wickson (157) 2-3 4-9 7-11 12 18-26 28-71
Potatoes, immature* - 12 14-21 14-31 18-45 -
Potatoes, mature* - 3-9 7-10 6-.2 8-16 -
Radishas, with tops (554) 14-17 19-21 31-36 70-78 124-136 158-193
Radishes, topped (554) 3-9 6-13 15-16 22-42 44-58 60-89
Rhubarb, stalk (407) 9-13 11-18 25 31-48 40-57 -
Romaine (817) - 18-23 31-40 39-50 . 60-77 95-121
Rutabagas (428, 977) 2-6 5-10 15 11-28 41 -
Spinach (817) 19-22 35-58 82-138 134-223 172-287 —_
Squash, Butternut* - - - - - 66-121
S5quash, summer (554) 12-13 14-19 34-36 75-90 85-97 -—
Sweet corn, whusks (817, 941) 30-51 43-83 - 104-120 151-175 268-311 282-435
Sweotpotatoes, noncured (554) - - -— 29 - 54-73
Swoatpotatoes, cured* (508) - .- 14 20-24 - -
fomatoes, mature-green 817) -— 5-8 12-13 16-28 28-41 35-51
lomatoes, ripaning (817, 1058) -_— -— 13-16 24-29 24-44 30-52
f'urnips, topped (817, 857) 6-9 10 13-19 21-24 24-25 -
Vatercress (417, 857) 15-26 44-49 91-121 136-205 302-348 348-438

[N

~

' PRespiration rate often shown as a range To com-
pute heat evolution rates at harvest time, use either
the highest figure or median one To convert to
Btu/ton (2,000 Iby24-h day, multiply respiration rite

220 To convert to kcal par 1,000 kg/24 h, muits-
ply by 612, Some data included for low te.npera-
tures wh:ch cause INjury to certain commodities or
Cuitivars, such as dvocados, mango, okra, papaya,
peppers, pineapple, tomatoes and Zucchin squash,
these low temperatures are potentially gangerous
and should be avoided (see text)

At 13° C (55° F) green bananas 14-20 mQ CO/kgeh
Respiration rate at 18° C (65° F)

Sources of unpublished data as follows: R €
Hardenburg, formerly USDA, Baltswville, MD, data on
blueberries and mes; R C Wright and T M
Whiteman, formerly USDA, Beltsviile, on cranber.
ries and sweetpotatoes, L.L. Morris, Univ Calif ,
Davis, n potatoes and Butternut squash



!
Tabla 2 . Temperatura y humedad relativa recomendadas, y vida de transito y aimacenamiento aproximada
dara frutas y verduras

Temperatura Humedad Vida
‘roducto c F Relauva aproximada de
(por ciento) dimacenamiento
marnanto (Amasranth) 0-2 22:36 95-100 10-14 chas
mse (Ams) 0-2 32-36 90-95 2-3 samanas
pples (Manzanas) 14 30-40 90-95 1-12meses
prcots (Abancoques) 0.5-0 3132 90-95 1-3 semanas
fchokes, globe (Alacachola, giobu) 0 R 95-100 2-3semanas
manpoar (Pera asigbca) 1 kT 90-95 5-6 meses
sparagus (Esparragn) 02 32-36 95-100 2-3semanas
'emoya (Atermoya) 13 55 85-90 4-6 semanas
rocacdos Fuerte, Hass (Aguacate, Fuente, Hass) 7 45 85-90 2semanas
rocados. Luta Booth-1 (Aguacate, Lula. Booth-1 ) 4 40 90-95 4-8 semanas
rocados Fuchs, Pollock (Aguacate, Fuchs. Pollock 13 55 85-90 2 semanas
ibaco (Babaco) 7 45 85-90 1-3semanas
inanas, green (Banano, verde) 13-14 56-58 90-95 1-4 samanas
wbados cherry (Cereza de Barbados) 0 R 85-90 7-8 semanas
1an sprouts (Retor.os de Inol) o, 32 95-100 5-9dias
\ans, dry (Fryol seco) 4.10 40-50 40-50 6-10 meses
ans, green of snap (Ejotes) 4.7 40-45 95 7-10dias
ans. kma. in pods (Frjol, ima envainas) 56 41-43 95 S5dias
6ts dunched (Remolacha, manojos) 0 32 28-100 10-14dias
ets opped Remolacha desnhojaca) 0 32 98-100 4-6 meses
'g1an endsve (Endivia oeigay 23 36-38 95-98 2-1semanas
'er melon (Melon arnargo) 1213 53-55 85-90 2-3semanas
ck sapote (Zapote negro) 13-15 55-60 85-90 2-3semanas
ckbemnes (Mora) 05-0 3-32 90-95 2-3aias
odorange (Naranjas sanguina) 4.7 40-44 90-95 3-8 semanas
epsrnes (Arandano) -05-0 31-32 90-95 2 semanas
tchoy (Bok choy) 0 32 95-100 Jscmanas
uato (Bomiato) 13-18 55-60 35-90 4-5meses
adirunt (Fruta del pan) 13-15 55-60 85-90 2-6 semanas
ceol (Brocoll) 0 32 95-100 10-14dias
1seis sprouts (Col de bruselas) ‘o 32 95-100 J-5semanas
vage, earty (Repollo tempranaro) 0 32 98-100 3-6 semanas
bage. late (Repolio tardio) 0 32 98-100 5-6 meses
tus leaves (Fojas de cacto) 2-4 36-40 90-95 Jsemanas
tus Pear (Tuna) 24 - 36-40 90-95 Jsernanas
mto (Casmuto) 3 38 S0 Jsemanas
baza(Caftabaza) 10-13 $0-55 50-70 2-3meses
mondin (Calamondin) 9-10 48-50 90 2semanas
stel (Carustsl) 13-15 55-60 85-90 Jsemanas
aloups [3/4-siip) (Cantalupo (/4 shp)) 25 36-41 95 15dias
aloups [full-stip] (Cantatup [sip entero|) 0-2 32-36 95 S-14dias
mbola (Carambola) 9-10 48-50 85-S0 3-4 semanas
)ts. buncned (Zanahona. manoyo) ] 32 95-100 2semanas
NS, matura (Zanahona, madura) - 0 32 98-100 7-9meses
Ks. immature (Zanahona, terna) 0 32 98-100 4.6 semanas
ew apple (Mararion) 0-2 32-36 85-90 5semanas
Rower (Colifior) 0 32 95-98 J3-4 semanas
1ac (Celenac) 0 32 97-99 €-8 meses
y (Apeo) 0 R 98-100 2-Imeses
1(Aceiga) 0 32 95-100 10-t4 dias
Xesquash (Chayota) 7 45 85-90 4-6 semanas

-
-a
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Tabla 2. Temperatura y humedad relativa re
para frutas y verduras.—Sigue

comendadas,

y vida de transito y almacenamiento aproximada

Temperatura Humedad Vida
Producto ! °c °F Relativa aproximada de
{por ciento) aimacenamiento
Chenmoya (Chinmoya) 13 55 90-95 2-4 ssmanas
Chemes, sour (Cerezas, amargas) 0 32 90-95 3-7dias
Chernes. sweet (Cerezas, duicas) ‘105 30-31 90-95 2-3semanas
Ctmosobroccou(&oooadum) 0 32 95-100 10-14 dias
Chsnese cabbage (Repoilo ctuno) 0 32 95-100 2-3meses
Ctunesa long bean (Exoie chino largo) 4.7 40-45 90-95 7-10dias
Clementing (Clamentina) 4 40 90-95 2-4samanas
Coconuts (Coco) 015 32-35 80-85 1-2 meses
Collaras (Colnzada) 0 32 95-100 10-14 dias
Com. sweel (Ma:z duice) 0 32 95-98 S-8dias
Cranbermes (Arandano) 2-4 36-40 90-95 2 4meses
Cucumbers (Pepino) 10-13 50-55 95 10-t4dias
Currants (Pasa) -0 5-0 3132 90-95 1-4 sernanas
Custard apples (Ancna) 5.7 4145 85-90 4 6 semanas
Datkon (Daikon) (W3] 32-34 95-100 4meses
Oates (Darles) -18-0 0-32 75 6-12 meses
Dewoernes (Zarzamora) -0 5-0 31-32 50-95 2 Jdias
Ounan (Dunon) 4-6 39-42 85.-90 6-8 semanas
Eggplants (Benjerena) 12 54 90-95 1semana
Ederoernes /Sauco) -0 5-0 31.32 90-95 1.2 semanas
Enarve and escarole (Endivia y escaroia) 0 32 95-100 2-3semanas
Feyoa (Feyoa) 510 41-50 90 2 3semanas
Fugs. tresh (Higos frescos) 950 31.32 85-90 7-10dias
Gartic (Ajo0) 0 32 65-70 8-7 meses
Ginger root (Gangibre) 13 55 65 6meses
Goosebernes (Grosella espinosa) 05-0 31.32 90-95 J-4semanas
Granaailla (Granadilia) 10 50 85-90 3-4 semanas
Grapefruil Cant & Anz (Toromya, Calf y Anz ) 14.15 $8-60 85-90 6-8 semanas
Grapelruit, Fia & Texas {Toronjz, Fla y Texas) 10-15 50-60 85-90 6-8 semanas
Grapes Vinfera(Uva vinilera) ‘ 1a2-05 30-31 90-95 1-6 meses
Giapes Amerncan (Uva, americana) 0 5-0 31:32 85 2 8semanas
Greens leaty (Verguras hojosas) 0 32 95-100 1C-14dias
Guavas (Guavaba) 5-10 41.50 90 2 Isemanas
Hancot vert (Hancot ver) 4.7 40-45 95 7-10dias
Horseradish (Rdbano pecants) -1-0 30-32 98-100 10-12mases
Jaboticaba (Jaboncaba) 13-15 55-60 90-95 2-1dias
Jackdruit (Nanjea) 13 55 85-90 2-6semanas
Jaftaorange (Naranja de Jalla) 810 46-50 85-90 8-12 semanas
Japanese eqgplant (Berenyena 1aponesa) 8-12 46-54 90-95 1 semana
Jerusalem Arichoke (Tupinarmbu) 050 31.32 90-95 4-5meses
Jicama (Jicama) 13-18 55-65 65-70 1-2meses
Kaile (Barza) 0 32 95-100 2-1semanas
Kiwano (Kiwano) 10-15 50-60 90 6 meses
Krwafrust (Kiwr) 0 32 90-95 J-5meses
Cohtrabe (Coiinabo) 0 32 98-100 2-3messs
(umquats (Kumaquat) 4 40 90-95 2-4 semanas
-angsat(Langsar) 1114 52.58 85-90 2semanas
.eeks (Puerro) 0 32 95-100 2-3Jmeses
amons (Limones) 10-13 £0-55 85-90 1-6meses
eftuce (Lechuga) 0 32 98-100 2-3semanas
imes (Lumoncilio) 9-10 48-50 B5-90 6-8 semanas
16



Tabla 2. Temperatura y humedad relativa re
para frutas y verduras.—Sigue

comendadas, y vid

a de transito y almacenamiento aproximada

Temperaiura Humedad Vida
Producto °C °F Relauva aproximada de
(por ciento) slmacenamianio
Lo Bok (Lo Bok) 015 32.35 95-100 2-4 meses
Loganbemes (Frambuesa) 050 31.32 90-95 2-3dias
Longan (Longan) 15 k] 90-95 3-5somanas
Loquats (Loqual) 0 32 90 3 semanas
Lychoaes (Lech) 15 35 90-95 3-5semanas
valanga (Malanga) ? 45 70-80 Jmeses
wamey (AMdamey) 13-15 55-80 90-95 2-6 semanas
Aangoes (Mango) 13 55 85-90 2-3semanas
Aangosteen (Mangostan) 13 55 85-90 2-4semanas
Melons (Melones)
Casaba 10 50 90-95 3semanas
Crenshaw 7 45 90-95 2semanas
Honeydew 7 45 90-95 Jsemanas
Persian (Pers:a) 4 45 90-95 2semanas
lushrooms (Hongos) 0 32 95 J-4dias
ectanmes (Meiocotdn) 050 31-32 90-95 2-4semanas
kra (Okra [Quimbomboj) 710 45-50 90-95 7-10dtas
kves. fresh (Aceitunas, Irescas) 510 41-50 85-90 4-6 semanas
nons, grean (Cebollas, verdes) 0 32 95-100 3-4 semanas
wons, dry (Ceooilas, secas) 0 32 65-70 1-8 meses
wuen sets (Cepolla, plantuia) 0 32 65-70 6-8 meses
anges Call & Anz (Naranjas Cant yAnz) 3-9 38-48 85-90 3-8 semanas
anges, Fla & Texas (Naranjas Fia y Texas) 0-1 32-34 85-90 8-12 semanas
ya (Papaya) 7-13 45-55 85-90 1-3 semanas
nirurt (Maracuya) 7-10 45-50 85-90 3-5 semanas
ley (Pereyil) 0 32 95-100 2-2 5meses
1ps (Pestinaca) 0 32 95-100 4-6 meses
ches (Duraznos) 050 31.32 90-95 2-4 semanas
r3 (Peras) -15a-05 29-31 90-95 2-7 meses
. green(Arveas) 0 32 95-98 1-2 semanas
. southem (Arveyas dal sur) 4-5 40-41 95 6-8dias
no (Pepno Iree melonj) s 40 85-90 1 mes
rs, Chili [dry} (Chiles prcantes [seco)) 0-10 32-50 6C-70 6meses
rs. sweet (Pimienio) 7-13 45-55 90-95 2-3 semanas
.Japanese (Caqui) 1 30 a0 3-4 meses
2ppies (Pina) 713 - 45-55 85-90 2-4 semanas
lam (Pi2tanc) 1314 56-58 90-95 1-5 semanas
S and prunes (Ciruelas yaruelapasa) -05-0 31-32 90-95 2-5semanas
iegranates (Granada) 5 41 90-95 2-3meses
. @arly crop (Papas, lempraneras) 10-16 50-60 90-95 10-14 dias
08s, late crop (Papas, tardias) 4513 40-55 90-95 §-10 meses
nelo (Pomelo) 7-9 4548 85-90 12 semanas
pkins (Calabazas) 10-13 50-55 50-70 2-3meses
Fes (Membniio) 050 31.32 90 2-3meses
tcheo (Raadichio) - 01 J32-34 95-100 2 3semanas
hes, spnng (Rabano de pnmavera) 0 32 95-100 3-4 semanas
thes, wnter (Rabano de invierno) 0 32 95-100 2-4meses
putan (Rambutan) 12 54 90-95 1-3semanas
bames (Frambuesa) 050 31.32 90-95 2-3dias
(Rwubarbo) 0 32 95-100 2-4 semanas
gas (Rutabaga) 0 32 98-100 4-6 meses

ey



Tabla 2 . Temperatura y humedad relativa recomendadas,

para frutas y verduras.—Sique

y vida de transito y almacenamienio aproximada

Temperatura Humedad Vida

Progucto *C *F Relanva aproximadade
{por crento) dimacenamiento

Salsidy (Saisif) 0 32 95-98 2-4 meses
Santol (Santol) 79 45-48 85-90 3semanas
Sapodilla (Chico Zapote) 16-20 60-68 85-90 2-3 semanas
Scorzonara (Salsich negro) 0-1 32-34 95-98 6 meses
Seedless cucumbers (Pepinos sin semvila) 10-13 50-55 85-90 10-14dias
Snow psas (Arveja cluna) 01 J32-34 90-95 1-2 semanas
Soursop (Guanabana) 13 55 85-90 1-2semanas
Spinach(Espinaca) 0 32 95-100 10-14 dias
Sauashes, summer (Calabacita de veranos) 510 41.50 95 1-2 semanas
Squashes winter (Calabac:ta de invierno) 10-13 50-55 50-70 2 Imeses
Strawbermnes (Fresa) 0 32 90-95 5-7dias
Sugar apples (Anona) 7 45 85-90 4 semanas
Sweetpotatces (Camote) 13-15 55-60 85-90 4-7 meses
Tamanllos (Tamanio) 34 J7-40 85-95 10 semanas
Tamannds (Tamarindo) 7 45 90-95 J-4sernanas
Tangennes mandanns and related citr.s fruits
(Tangermas mandannas y Irutas citncas afines) 4 40 90-95 2-4 semanas
Taroroot(Taro) 7-10 45.50 85-90 4-5meses
Tomatiilos (Tomatilo} 13-15 55-060 35-30 Jsemanas
Tomatoes mature-green (Tomate sazon; 18-22 63-72 90-95 1-3semanas
Tomatoes firm-npe (Tomate maduro firme} 13-15 55-60 90-95 4-7 dras
Turrups (Nabo) 0 32 95 4.5meses
Turmip greens (Hojas de nabo 0 J2 95-100 10-14 dias
Ugh truit (Ugi) 4 40 90-95 2-3semanas
Watercnestnuts (Castana ce agua) 1-2 32-36 98-100 1-2 meses
Watercress (Berro) 0 32 95-100 2-3 semanas
Watermeion (Sandia) 10-15 50-60 S0 2-3 semanas
White sapote (Zapole blanco) 19-21 67-70 85-90 2-3semanas
White asparagus /Esparrago blanco) 0-2 32-36 95100 2 3semanas
Winged bean (Ejote alado) 10 50 S0 4semanas
Yams (Name) 16 61 70-80 6-7 meses
Yuccaroot(Yuca) 0-5 32-41 85-90 1-2 meses

Fuertas En gran parte de Hardenbug, Watada, y Wang (7), tambwen de Buishard Houwing, y Jansen (3) Martn (11), Maxwell y Maxwell (12), (13), Ortho Books (15),

Pantasoco (17), Pypers Consiant y Jansen (18), The Packer (16) Proguce Marken

Association (0} Tambeen se ootuvo nformacion de J R Brooks & Son inc y de Fneda s Finest Procuce Speciaites Inc

ng Associavon (20) Saleway Slores Inc (25) Unied Frash Fruit and Vegetadie



Tabla 3. Temperatura, humedad relativa
almacenamiento recomendados para flor

y periodo aproximado de transito y
es cortadas y follaje de floristeria.

| Temperatura de
almacenamiento Periodo
Producto aproxinado de
*‘C °F almacenamuento
CutFlowers (Fiores cortadas
Acacia (Acaci) 4 40 J4ddias
Aistroemena (Alstroemena) 4 40 2-3dias
Alllum (Allum) 0-2 J32-35 2s3emanas
Angmone (Anemone) 4-7 40-45 2das
Anthunum (Anthruwmy* 13 56 2-4 semanas
Aster, China (Aster, Chuina) 0-4 32-40 1-Jsemanas
Bird ot Paradise (Ave da/ paraiso) 7-8 45-46 1-3semanas
Bouvardia (Bouvardia) 0-2 32.35 1semana
Buddleia (Buodera) 4 40 1-2dias
Calendula (Calencula) 4 40 J-6dias
Calla(Calla) 4 40 1 semana
Camellia(Camena)® 7 45 3-6dias
Candytult (Carraspique) 4 40 3dias
Camavon (Clavei* -0 5-0 31.32 J-4 semanas
Camation buds (Capullos de Ciavel) =050 31-32 4-12 semanas
Camation, mimvature (Claves miniatura) -05-0 31-32 Zsemanas
Chrysanthemum (Cnsantemo) <0590 31-32 3-4 semanas
Clarkia 4 40 3das
Cotombrne 4 40 2dias
Coreopsis 4 40 J-4dias
Comflower (Anciano) 4 40 3dias
Cosmos 4 40 3-4dias
Crocus 05-2 33-36 1-2 semanas
Dahia (Daha) 4 40 3-Sdias
Daisy, English (Marganta inglesa) 4 40 Jdias
Daisy, Marguerrte (Marganta) 2 36 1-2semanas
Daisy, Shasta ‘ 4 * 40 7-8dias
Oelphinium (Delfinio) 4 40 1-2dias
Euchans (Euchans)* 7-10 45-50 7-10das
Fevertew (Matncana) 4 40 Jddias
Foryel-me-not (Nome olvides) 4 40 1-2dias
Foxglove (dedalera) 4 40 1-2dias
Freesia (Fregsiap 005 32-33 10-14dias
Gallardia (Garllardia) 4 40 ddias
Garderua (Garderia)® 0-1 32-34 2semanas
Gerbera (Gerbera) 14 34-40 1-2 semanas
Ginger (Gengibre) 13 55 4.7dias
Gladioius (Glagwotus) 2:5 35-42 5-8dias
Glonosa (Glorasa) 4.7 40-45 4-7dias

Ver notas al final ce la tabia

i



Tabla 3. Temperatura, humedad relativa
almacenamiento recomendados para flor

floristeria.—Sigue

|

Y pericdo aproximado de transito y
es cortadas y follaje de

Temperaturade

adimacenamiento Periodo
Producto aproximadode
‘C *F almacenamiento

Godeua (Godeta) 10 50 1semana
Gypsophila (Gyposoptuia) 4 40 1-3semanas
Heather (Brezo) 4 40 1-3semanas
Helicorxa (Hekcon:a) 12 54 10dias
Hyaanth (Jaonto) 005 32-33 2semanas
Ins, bubous (Ins bulbosa) =050 31-32 1-2semanas
Lacafiower (Encaje) 4 40 ddias
Lilac forced (Liia forzacla) 4 40 4-6dias
Uly (Lino) 01 32-34 2-3semanas
Lily-of-the-valley (Lino de! valle) =050 31.32 2-3semanas
Lupine (Lupine) 4 40 Jdias
Mangoids (Marawila) 4 40 1-2semanas
Mignonerte (Reseda) . 4 40 3-5dias
Narcissus (Narciso) 005 J32-33 1-3semanas
Orchid, cattetya (Orquidea cattleyay® 7-10 45-50 2semanas
Orchud, cymbidium (Orquidea cymbiaiurn) -0 5-4 3140 2 semanas
Orenid, vanda (Orquidea vanda) 13 55 Sdias
Onnthogalum 4 40 4-6 semanas
Peony, ught buds (Peonia capulio apretado) 0-1 32.34 2-6 semanas
Phiox (Plox) 4 40 1-3dias
Poainsetta 10-15 50-60 4.7 das
Poppy (Amapora 4 40 3-5adias
Pnmrose (Pnmavera) 4 40 1-2dias
Protea 4 40 7-10dias
Ranunculus 0-5 32-41 7-10dias
Rose [in preservanvej (Rosa en preservalivo)) 05-2 33-35 4-5dias
Rose [ary pack) (Rosa [empaque seco)) -0 50 3132 2semanas
Snaodragon (Dragon) 4 40 1-2 semanas
Snowdrop (Copo de nieve) 4 40 2-4dias
Squill (Esquila) 0-05 32:33 2semanas
Statice (Statce) 24 3540 J-4 semanas
Stephanots® 4 40 1 semana
Stevia - 4 40 Jdias
Stock (Ahelr) 4 40 J-S5dias
Strawflower, fresh {Stempreviva, fresca) 24 35-40 3-4 semanas
Sweelpea(Guisante de olor) -0 50 31-32 2semanas
Sweet-wiliam (Clavel de ofor) 7 45 3-4dias
Tulip (Tupan) 050 31-32 2-3semanas
Violel (Violeta) 1-5 34-41 3-7dias
Zinnia (Cirug) 4 40 5-7 dias

Ver notas at fina! de la tabla’

133 42



Tabla 3. Temperatura, humedad relativa Yy periodo aproximado de transito y
almacenamiento recomendados para flores cortadas y follaje de
floristeria.—Sigue ‘

Temperatura de

almacenamiento Penodo
Producto aproximado de
‘c *F dimacenamiento

Flonst greens (decorative folage)

(Follaje decoranvop?
Adiantum (madenhair] (Adiantum {culantniio]) 04 32-40 _—
Asparagus [plumosa| (Esparrago [plunosal)* 2-4 35-40 2-3semanas
Asparagus [sprenger| (Esparrago (sprenger))* 2-4 J35-40 2-3 semanas
Buxus [boxwood) (Buxus {boy)) 2-4 35-40 —_—
Cameiha(Camelia) 4 40 P —
Cedar (Csdrop 0 32 _—
Chamaedorea (Chamaedorea) 7 45 2-3semanas
Cordyline [ti] (Corayine (1)) 7-10 45-50 2-3semanas
Croton (Croton) 2:4 35-40 —_—
Dieffenbachia {Dreffenbactva) 13 55 R
Dracaena (Dracaena) ' 24 35-40 —_—
Dagger & wood ferns (Helechos)* 0 32 2-3maeses
Eucalyptus (Eucapiito, 24 35-40 1-3semanas
Galax (Galax)* 0 32 —_—
Ground pine (Ping,* 0 e —
Hedera (Hedera) 2-4 35-40 2-3semanas
llex [hoty| (lex {acepo))® 0-4 3240 J3-5semanas
Juniper (Juipero) 0 32 1-2meses
Leatherleal [baker tern| (Helecho Hoja de Cuero) 14 3440 1-2meses
Leucothae drooping (Leucathoe) 2-4 35-40 —_—
Magnona (Magnoira) 2-4 35-40 2-4 semanas
Mistletoe (Muerda go) 0 32 3-4 semanas
Mountain-laurel (Laurel de Montana) 0 32 2-4semanas
Myrtus [myrtie] (Myrtus {mino)) 24 35-40 —
Paim(Paima ‘ 7 45  —
Philodendron (Filodenaro) 24 35-40 —_—
Pittosporum (Pittosparurn ) 24 35-40 2-Jsemanas
Podocarpus (Podocarpus) 7 45 —_—
Pothos (Pothos) . 24 J35-40 —_—
RAhododerdron (Rododendro) 0 32 2-4 semanas
Salal(lemon leaf] (Salar {hoja de imdnj)* 0 32 2-3semanas
Scotch-broom (Himestaj 4 40 2-3semanas
Smilax, southem (Smular dei sur)* 4 40 —_—
Staghom fern (Heiecho cuemo de venado) 13 55 —
Vacoraum (huckleverry] (Vaconum (arandanof))* 0 32 1-4 semanas
Woodwardia fem (Helecho [woodwaragia)) 04 J2-40 —_—

' Los Der1000s de aimacenameento ceberan perrmitir e/ Manejo y mantensmvento SaU3ACION0 despues de sacar ios productos
de aimacenamento

'Nummwmuw-.deso-ss-s:ormm € cuaros da amacenamiento feingerado para flores coradas y folaje
de flonsterta Es prodadia cue digunas flores para las cuaies se recomsenda una lemperatura de 4°C podrian aimacenarse
POr mas hempo con oua 3egundad a temoeraturas infenores

? Al revel de detashsia foilajes de flonstena mantenwdos a aproxmadamente 4°C por unicaments 10 2 semanas La mayoria
dimacenados con Wios er a exceoto donda se wdica lo contrano

“ Los 1aiios oe s orquideas Y 3lgunas anfunos debenan ser cOCITOS en rascos de agua Sinemoargo aigunas orquideas
Y 2NtUN0S POdran ser AMACANZ30S SIGUIRNOC Met0dds de eMP3QUe en seco

* No se coiocan en 49UA LAra su Manerd 0 AMacenamiento pero Podran ser GBS

* Generaimenie 3& mantenen en c3jas Sara emoarque que rebenen 3 humedag

Fuente Hardenourg, Wataga v Wang (7)


http:Sgund.Ad

Table 4.

Recommended temperature and relative humldity,

approximate storage life, highest freezing point, water!
content, and spaciflc heat of fresh fruits In commaercial storsge’

Relative Highest Water Specific
Temparature humidity Approximate freezing point’ content heat?
Commaodity °C °F (percent) storage life (percent)  (BtuAb- *F
Apoles - 1-4 30-40 90-95 1-12 months -15 293 84.1 0.87
Apricots -0.5-0 31-32 90-95 1-3 weaks -1.0 30.1 854 .88
Avocados d44-13 40-55 85-80 2-8 weoks -3 3.5 78.0 .81
8ananas, green 13-14 5853 90-95 () -7 30.6 75.7 81
Bemas
Blackberries -05-0 31232 90-95 2-3 days -7 30.5 848 88
Blueberries ~05-0 31-32 90-95 2 weeks -1.2 297 83.2 86
C.anborries 2-4 36-40 90-85 2.4 months -8 304 87.4 90
Currants -0.5-0 31-32 90-95 1-4 wesks -10 0.2 84.7 a8
Dewberries -05-0 N-32 90-95 2-3 days -12 29.7 84.5 .88
Eldorberries -0.5-0 N-32 90-95  1-2 weeks - -— 79.8 84
Goosaberries -0.5-0 31-32 90-95 3-4 weeks -1.0 300 889 91
Loganberries ~0.5-0 31-32 $0-95 2-3 days -12 297 830 86
Raspberries -0.5-0 31-32 90-95  2-3 days ~-10 30.0 82.5 86
Strawberries 0 R 90-95 5-7 days -7 06 899 92
Carambola 9-10 48-50 85-90  3-4 weeks - - 90 4 92
Cremies, sour 0 32 90-95 3-7 days -1.7 290 83.7 87
Chemas, sweot -1to -05 30-31 90-95 2-3 weeks -18 28.8 804 84
Coconuts 0-15 32-25 80-85 1-2 months -9 304 469 58
Datss 4-180r0 0or32 75 6-12 months* -157 a7 225 .38
Figs, fresh ~0.5-0 31-32 85-90 7-10 days -24 276 780 82
Grapefruit, Calif & Ariz 14-15.5 58-60 85-50 6-8 weeks - -_ 875 90
Grapefrust, Fla & Texas 10-15 50-60 85-90 6-8 weeks -10 300 891 91
Grapes, Vinifera -1to -0.5 30-31 90-95 1-6 months* -2 281 816 85
Grapes, American -05-0 31-32 85 2-8 waaks -12 297 819 86
Guavas 5-10 41-50 90 2-3 weeks - - 830 86
Knarrfrust -~0.5-0 31-32 90-95 3-5 months -16 29.0 820 86
Lsmons ) 85-90 1-6 months® —14 294 874 90
JMes 9-10 48-50 85-90 6-8 weaks -16 291 893 91
woquats 0 32 90 3 weeks - — 86.5 .£9
Lychees 15 s 90-95  3-5 weeks - - 81.9 .86
Mangos %13 85 85-80  2-3 weeks -9 303 817 85
Nectarines -0.5-0 31-32 90-95 2-4 weeks -9 30.4 818 85
Olivas, fresh 45-10 41-50 85-90 4-6 weeks* -14 294 80.0 .84
Jranges, Callf. & Ariz. 3-9 38-48 85-90 3-8 weeks -1.2 297 855 .88
Jranges, Fla. & Texas 0-1 32-4 85-90 8-12 weeks -7 306 86.4 89
‘apayas 7 45 85-90 1-3 weeks -9 04 887 91
‘assion fruit 7-10 45-50 85-90 3-5 weeks — - 751 .80
‘saches -05-0 31-32 90-95 2-4 weeks -9 303 891 91
‘ears -15t0 =05 29-31 90-95 2-7 months* -15 292 83.2 87
enimmons, Japanese -1 30 90 3-4 month: -2.1 28.1 782 83
insapples %7.13 45-55 85-90 2-4 weeks* -11 30.0 853 .88
lums and prunes -05-0 31-32 90-95 2-5 weeks* -8 30.5 866 .89
omegranates 5 41 90-95 2-3 months -3.0 26.6 823 86
umces' -0.5-0 31-32 90 2-3 months -20 284 838 87
ingerines, mandarins,
4 related citrus fruits 4 40 90-95 2-4 weeks -10 301 873 90

In metric units of kJ/kg/*C, S = ( 0335 X (percent
water in food) + 08374

¢ See text for maturity and cultivar differences
See text

Qecommended storage temperatures, temperatures
‘or ripening certain fruits given in text

-ata from Whiteman (1030)

Soecific heat calcuiated from Siebel's (838)
‘crmuia. S = 0008 x (percent water in

‘cod) + 020



Table 5

Recommended temperature snd relative humidity,
nppllemato storage life, highest freezing point, water
content, and spacific heat {or fresh vegetablas in
sommerclai storage

Relative Highest Water Specitic
Temperature humidity Approximate freezing point' content heat?
~ommodity °C 3 (percent) storage lite . 'F (percent)  (Btufib- °F)
\rtichokes, globe 0 32 95-100 2-3 weeks -1.1 299 83.7 0.87
wtichokes, Jerusalem -05-0 31-32 90-95  4-5 months -22 280 798 84
sparagus 0-2 32-35 85-100 2-3 weeks -8 0.9 930 .94
leans, dry 4-10 40-%0 40-50 6-10 months — - 150 32

&ns, green or snap -7 40-45 95 7-10 days -7 30.7 88.9 91
g, lima .5 37-41 95 5-7 days -6 310 665 .73

n sprouts 0 32 95-100 7-9 days - - 888 9
eets, bunched 0 32 ¢8-100 10-14 days -4 313 - -
ts, topped 0 32 98-100 4-8 months -9 03 876 90

1] 0 32 95-100 10-14 days -6 30.9 899 92
rugseis sprouts 0 2 95-100 3-5 weeks -8 30.5 849 88
age, early 0 k7] 98-100 3-8 weeks -9 04 924 .94
bbage, late 0 2 98-100 5-8 months -9 304 924 94
bbage, Chinese 0 32 95-100 2-3 months - - 950 %6
ts, bunched 0 32 95-100 2 weeks - — - -
ots, mature (o] 32 98-100 7-9 months -14 295 882 9
rots, immature 0 2 98-100 4-6 weeks -14 295 882 91
lassava 0-5 J2-41 85-90  1-2 months - - - -
auliflower 0 32 95-98  3-4 weeks -8 30.6 917 93
‘Ploﬂac 0 32 97-9  6-8 months -9 303 884 9N
olery 0 32 98-100 2-3 months -5 311 937 95
hard 0 32 95-100 10-14 days - - 91 93
hicory, witloo! 0 32 95-100 2-4 weeks — - 951 .96
ollards 0 32 95-100 10-14 days -8 06 869 90
orn, sweet 0 32 95-98  5-8 days -6 309 73.9 79
ucumbers 10-13 50-55 95 ., 10-14 days -5 3t . 96 1 97
pgplants 8-12 48-54 90-95 1 week -8 306 92.7 94
ndive and escarole 0 32 95-100 2-3 weeks - 31.9 931 95
artic 0 32 65-70  6-7 months -8 305 813 89
inger 13 55 65 8 months - - 870 50
reens, leafy 0 32 95-100 10-14 days - - - -
orseradish -10-0 30-32 98-100 10-12 months -18 287 746 .80



Table 5.
Recommended temperature and rela

tive humidity,

approximate storage lite, highest freezing point, water

content, and specific heat for fresh vegetables in

commercial storage —Continued

Relative Highest Water Specilic
Temperature humidity Approximate freezing point! content heat?
Commadity °C °F (percent) storage lile . (percent) (Btulb °F)
Jicama 13-18 55-65 85-70 1-2 mon’hs - —_ - -—
Kailo 0 a2 95-100 2-3 werks -5 kIR 86.6 .89
Kohlrabi 0 2 98-100 2-3 months -1.0 30.2 90.3 92
Leeks 0 32 95-100 2-3 months -7 307 854 88
Lettuce 0 32 98-100 2-3 weeks -2 3.7 94.8 96
Molons
Caritaloup 3/4-slip) 2-5 36-41 95 15 days -12 29 92.0 94
Cantaloup (full-slip) 0-2 32-36 95 5-14 days -12 29.9 920 94
Casadba 10 50 90-95 3 weeks -1.0 30.1 92.7 94
Crenshaw 7 45 90-95 2 weeks -1.0 30.1 92.7 94
Honey Dew 7 45 90-95 3 weeks -9 303 926 94
Persian 7 45 90-95 2 weeks -8 30.5 92.7 94
Watermelons 310-15 50-60 90 2-3 weeks -4 31.3 926 .94
Mushrooms 0 32 95 J-4 days -9 304 911 .93
Ckra 7-10 45-50 90-95 7-10 days -18 28.7 898 .92
Onion, green 0 32 95-100 3-4 weeks -9 304 894 91
Onion, dry 0 32 65-70  1-8 months* -8 306 87.5 .80
Onion sets 0 32 65-70 6-8 months -8 306 875 90
Parsiey 0 32 95-100 2-2.5 months =11 30.0 85.1 88
Parsnips 0 32 98-100 4-6 months -9 304 786 83
Peas, green 0 J2 95-98 1-2 weeks -6 09 743 79
Peas, southern 4-5 40-41 95 6-8 days - - 66 8 73
Peppers, chill (dry) 0-10 32-50 60-70 6 months - - 120 30
Peppers, sweet 7-13 45235 90-95 2-3 weeks -7 30.7 92.4 94
Potatoes, early crop ) 90-95 @) -6 309 812 85
Potatoes, late crop @) +90-95  5-10 months -6 309 778 82
Pumpluns 10-13 50-55 50-70 2-3 months -8 05 305 92
Radishes, spring 0 J2 95-100 J3-4 weeks -7 30.7 945 .96
Radishes, winter 0 32 95-100 2-4 months - - - -
Rhubarb 0 32 95-100_ 2-4 weeks -9 30.3 94.9 96
Rutabagas 0 32 98-100 4-8 months  —11 30.0 89.1 91
Salsity 0 22 95-98  2-4 months  -11 300 79.1 .83
Spinach 0 32 95-100 10-14 days -3 35 927 .94
Squashes, symmer 5-10 41-50 95 1-2 weeks -5 a1 940 .95
Squashes, winter 10 50 %0-70 9 -8 05 851 88
Sweetpotatoes 33-16 55-60 85-90 4-7? months  -13 297 685 75
FTamanlios 3-4 37-40 85-95 10 weeks - - -— -
laro (Dasheen) 7-10 45-50 85-90  4-5 months - - 730 78
fomatoes, maturegreen 13-21 55-70 §0-95  1-3 weeks -6 31.0 930 .94
fomdtoes, hirm-rpe 38-10 46-50 90-95  4-7 days -5 3t 941 95
‘urnips 0 32 95 4-5 months =10 301 915 93
Turnip greens 0 32 95-100 10-14 days -2 ns 903 92
Waterchestnuts 0-2 32-38 $8-100 1-2 months - - 78.3 .83
Watercress 0 32 95-100 2-3 weeks -3 4 933 95
Yams 16 61 70-80  §-7 months - - 735 79

Data from Whiteman (1030}

Specific heat calc.lated from Siebei's (838)

formula S = 0008 x (percent water in
food) + 020 In metnic units of kd/kg/*C

S = 00335 x (percent water in food) + 08374

See text
See text tor cuitivar differences

4/()
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Taux 7,
AIRl FLOW RATES AND STATIC PRESSUIE REQUIREMENTS TO FORCED-AIR COOI, COMMON PRODUCE*

Ale Bow rate and statle prossure sosded for various eucling times

Type of produce, niothod of sir Now, and type of eontatner Huure recded tn seven-eights coul downelrcam prosluce

o _ 18 ] 3 4 [} L) 1} ]
Containers place three deep and in vegister] A flow rale (¢fm/Db produce) end slalie presaurs (1nches of waier)|
Actichokes in corrugated containers, § per cent sule aron veuled I8 10
24 12
Grapes in lidded paper-wood laminated containere, nu Loltom cleat (l [ ] (l [ } [ ) [ ] o
o {2-3) @s0 (¢ 20) 10
Grapes in lidded paper-woud laminated containers 1° botlom eloat 28 13 e X
on [C-)) (8 19 (e 03)
Qrapesin full tolescops, 17}° 2 13" x ¢° conlainer, § 8 per canl side ares vented [ ] es [ X} [ B 1 [ N}
0 an 07 [C)] (0 10) © o1
Qrapes in partial Lelescops 174 x 14° = 81° cuntainer, 3 3 per cont side area vented 18 1t 07 0s [ ¥ ] 2
[(>7] (19 [{IN}] o8 0 2) o
Cantaloupes in cotrugnled containers § per cent side area vented [] 10 11 [ X} 3 e 30
- 0 [{)] (X)) (L)) {0 )
Nectarines (of peachiss) In cotrugated contminers with plastictrays 8 percontasdo aren veuled 03 [N ] 030 o0
()] (LX) [ 1)) o).
Pesches (or nectarines) in plastio trays In hidded wood lugs 20 per cont silo-area vented 10 10 97 [ X ] [ B -]
v [t )] ©on 3 ®10) (0 )
Pears in 12° x 18° x 9}° high corrugated containers
(s) 2 per coentwido area vented 11 (N ) [ N ] [ ] *»
({1} [{])] [( ] (o 29)
(L) 8 por cent slde-ares vented 10 [ ] [ X] 020 | o8
an ©e © 20) (oo
Plumsin 11° 2 12)° x 8" high corrugated containers, 4 per cont aicdle-aren veuted 10 12 [ X ] ed [ &) eis
(z9) an [( ] 0 19)
Btrawberries in open crates on paliets 20 14 0os [ ] (&} [ ]
a9 0 20) (X ] [( X 1)] o 8 02)
Tomatoes in corrugated containers 10 per cenl side area vented 29 18 11 (X} [ X (R}
ay an e (L] (¢ 30) 1)
Alr flow le vertical through slotied bin bottoms
Oranges
2t depth 10 os (X} on [ B1]
0 09) [(X-T)) (0 63) @ o) (0 02)
3L depth s 10 [ ] [ X} [ ) 01
0 2) (0 t0) 0 &) o 0 02
41t aepth o9 (N ) [ I ] [ N ] [ 1]
{0 30) (N ] (o 00 o)
Dulk bins (47 fisclien square), air flows horzoutally through slots in bin swdes
Pluma, 3 per cent side area vented Average lruit 7 94 o2 010
o9 0 29) ©om
Bluwest couling fruit 10 [N} ed 02
(e on 093 (0 12)
Plums, § 8 per cent sido-aroa vonted  Avernge fruit (X} () o
[N} O 12)
Bloweat cooling fruit [ X ] (N} 012 620
[{ )] (0 22 011

* Based on ealculations of seven cighta cuoling of prawtuce Figutes compiled fron Iaboratury and Geld data References Guilleu, 1997, Mitchell, o of , 197}, Parenne, ¢f of
1972, Parsona, 1972, Wang anid 1 uspun 1968
Statse pressuse ahow n 1s foe abe patd thranigh thirea tieen stacked in tegister For vthee atnching multiply atatic preannire hy 1 tier, 0 03, 2tiere, 03, dtirrn, 21, R tiers 70
Figure s 0l 30 pontent birses are fl w tobrmavce Dot toocomb i tarne obients |4 IR A pnsenthy seynre presmises neede 10 faree wir l‘-nmgh atnck Figures ure approsunate
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Table 3. F
Precooling
Change in
Product
Temperature
!
Jal & i
40 70
33 60
28 50
22 40
17 30
11 20
Source:

the systiem

Refrigeration Capacity Needed for Continuous

Tons’
20.0
17.1
14.2
11.3
8.4
5.4

After Guillou
*The fraction of the refri
will depend on the amount

%t of Total Refrigeration Used
o Absorb Heat from the Product

kW
70.7
60.4
50.1
39.8
29.6
19.3

Tons'
15.4
13.2
11.1
8.9
6.7
4.5

kW Tons'
54.6 12.7
46.9 10.9
39.2 9.1
31.5 7.3
23.8 5.4
16.1 3.6

kW
45.0
38.6
32.1
25.7
19.3
12.9

geration needed to cool the product

of insulation and heat leakage into

TTons of kW of refrigeration per 1,000 kg of product per hour.



TABLE 6.—Forced-air cwoling: various static pressures, airflows, and
cooliny times reguired to cool one box of specific type of flowers

Static pressure

0.5 inch 1.0 inch 2.0 inches
Type of
flower Airflow 7/8-cooling Airflow 7/8-cooling Airflow 7/8~cooling
time time time
Cfm/box Minutes Cfm/dox Hinutes Cfm/box Minutes
Carnations! 70 48 90 40 110 35
Chrysanthemur.s2 80 62 130 58 210 54
Gypsophilal 170 10 260 8 - -
Roses" 140 34 200 25 290 20
Statice> 150 40 210 18 280 13

!Carnation box size 48 by 21 by 12 inches, with two, 2-1inch diameter
vent holes 1in each end and 51 1b gross weight.

2Chrysanthemun box size 57 by 21 by 12 inches with two, 2-inch diameter vent
10les in each end and 33 1b gross weight; 45-1b box will allow 50 percent less
1ir through box.

3Gypsophila box size 42 by 21 by 12 inches with two, 3-inch diameter vent
\oles in each end.

“Rose box size 48 by 21 by 12 with two, 2-inch diameter vent holes in each
nd with 20 bunches 1p box.,

3Statice box Size 42 by 21 by 12.1nches with two, 3-inch didmeter vent holes
n each end and gross weight of 75 1b.



Table 10.

Volume of 5.25% sodium hypochlorite (NaOCI)
solution required to obtain a specified
concentration of available chlorine in 100 gal or
1000 liters of water (neutral pH).

Pints/ Liters/  Approximate available
100 gal 1000 liters Cl concn. (ppm)
0.8 1.0 50

1.2 1.5 75

1.6 2.0 100

2.0 2.5 125

2.4 3.0 150



Table 9.

Weight of 65% calcium hypochlorite [Ca(OCl),] granules
required to obtain a specified concentration of available
chlorine in 100 gal or 1000 liters of water (neutral pH).

Ounces/ Grams/ Approximate available
100 qgal 1000 liters  Cl concn. (ppm)

1.0 75.0 50

1.5 112.5 75

2.0 150.0 100

2.5 187.5 125

3.0 225.0 150



Dugrammatic view of a forced-air cooling
tunnel. Either bins or palletized containers can be placed
to form a tunnel from which air is exhausted. The nega.
tive pressure then causes ceid air from the room to pass
through venulation slots to directly conuact the warm
product.

Figure l

Shell arrangement with portable pallet-
mounted fan.
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Pallet loads of strowberries are ploced at the two ndes of the walil blower 30 os to ollow a plenum
(an-—<chamber or passageway) for air being drown through producs to the blowsr.

Figure 3.

Forced-air cooling unit in operation with pallet loads of strowberries The fabric cover in front seals
the air-return plenum, and oir 13 thus forced ta pass through side slats of contoiners ond around the fruit in
order ta return to blowar The blowers used in thys procadure ore controlled by hme clocks
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Figure 6. Forced-ar cooling utihzes a pressure drop between the room and two rows ot vented
containers The space betwesn the contamers s cove
matenal. The baifle seals the too and one end. An exha
mounted 10 the wall) pulls air from the soace betwee
respoase to the pressure dife
mto the intenor cnamoer iro
stauc autlow system (i.e., room coouaqg).

red wath a barfle made of 2 heavy buc dexible
ust faa placed on the opposite end (in this case,
n the contawners. creaung a pressure drop. In
rential, cold air moves througn holes in the boxes, across the product, ana
m wea (i exnausted. This cools the proguct much faster than a more



Canvas Cloth Reinforced
with Waood Strips

0o

Praperly —
Sized Fan

Q
Cold Air In

Time Clock Control
of Fan to Prevent aQ &
Unnecessary Operation

(Ol o)

Figure7 .--Portable forced-air cooler designed for 8 to 10 boxes of flowers.

Time Clock Control
of Fan to Prevent

Plywood Plenum for Air Distribution Unnecessary Operation

Cold Air In Properly Sized Fan

)/

Low Density Polyfoam Seal

Figure 8.--Forced-air cooler designed for up to 25 boxes of flowers.
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Figure 9, —Hypothetical cooling curve for fresh products.
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Canvas Cover

N Reinforcing Strips

Designed to Maintain
High Humidity

o
%o
OF o \1
ONoNo X, Z Fan
O oN O \ l / .
Cold Air In SOROeI0 . A
N TN |
°) ™\ '
ONO '
o E .
— Refrigeration Coils

Figurell.——Large-scale cooling facility for cold rooa.
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Forced-Air Cooling Fan

1/2° COX Plywood
16 Ga. Galvanized Metal
(Overlap 1" on Front, 2" on Sides)

42° Diameter Six-Blade Fan

2"-x-4° Galvanized Hardware Cloth

48°-x-40" 2-Way Wood Pallet

1* Pipe Insulation (Closed Celi)

Thermostatic Controt

{Dayton =22E206 or Equal)
120V AC Supply

2 HP Electric Motor

(Grainger Supply #7F073 or Equai)

42" Diameter Fan

: d O
o ” '\‘1 |
Front View : !
(notto scate) il | JA N / AT | {A
! N W HF d | l
N (VIO j
S DAYTN e
(/’ // fm \\ \\ ’: I
i \‘ "// l \\ 1/ :
\\ V1T ,
\\ "/ I I
] A4
L — !‘
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4
Section Through Top P‘
(not to scale) Aurtlow
" \«“
¢ i
N\ -
N\ g
1/
\
Figure 12.

{Grainger Supply #3C148 or Equal)
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Summary of Evaporative Cooling Trials
Sweet Zucchini squash_  Crooked-nack
Tomato pepper Test H Test #2 squash

Weight cooled (Ib) 540 100 588 168 168
Alrflow (ctm) 580 ass 502 510 510
Alrflow/wt (cfm/ib) 11 a9 08s 30 30
% cooling time (min) 120 75 100° 75 75
Average initial pulp

temp (°F) 74 90 87 84 85
Average pulp temp at
..} cool (*F) 61 63 - 69 69
Average dry buib

temp (°F) 65 72 98 80 8o
Average wet bulb

temp (°F) 52 56 71 64 64
Average temp of

cooled arr (°F) 55 60 74 67 67
‘Catcuiateq from 172 Looing Luhe data
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Typical conventional hydrocooler

Figure 18,
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jure 19b.

) - ater 1s either
Conveyer hydrocoolers move contaners througn a chamber n wm.Ch l;ee::::;olcd and
showered down upoq the oroauct or tne product i1s suomergzq in water The water 18 ease the leogth of
fecirculated througn the System. Conveyer speed can be agjusted to increase or gecr
lime the product 134N (ne cooler
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View of a Hydrocooler distributor pan with a side refrigeration coil tank.
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Figure 213,

Wats asrovton aM\
—t r—
. ]
Refrgeranon |-

system & | ]
] .
i Water wsarvor /
Fig. 21bSide view of a batch-type hydrocooler for pallet
“bins.



Figure 22b. Batch hydrocoolers differ from conve

As with shower-type conveyer coolers. ice *vater cas
cooled. While less €xpensive to buid ar,

yer hydrocoolers n that the product 1s stationary
cades down upon the product unul it ;s adequately

d operate. batch coolers are less efficient in that they cannot be
used while the product 15 being loaded or unloaded
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Cut-away view of a hydro-air-cooling
hydrocooler.

Figqure 23
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Immersion hydrocooler

Figure 24
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FigurelS Time-temperature response of various
fruits and vegetables immersed in agitated chilled

water.

KEY

A — Greens

B — Beans, peas, asparagus

C — Small cucumbers, radishes, beets (<1'[;" dia.)
D — Small apples and peaches, shcing cucumbers
E — Sweet com, apples, and peaches (<2'/," dia.)
F — Large apples and peaches (>3 dia )

G — Cantaloupes, large eggplant
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Liauwa icing (s a {orm ot package '¢rrg tnac utlizes a slurrv
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Figure 29, .

Pallet liowd-iang macmne 12 ooeraaon. The
hign-volume Aow of the ice-water mix 13 pumoed iato
namber a0d fows through concuner vena to deposit ice
‘hrougnouc the package.

Figure 39, .
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NS low pressure
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[ EIZZE) High ‘pressure
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Fig.32.—Refrigerating unit showing the parts and condition of the
refrigerant in each: @, compressor; b, condenser; ¢, float valve regu-
lating flow of refrigerant into cooling coil; d, cooling coil;
¢, sylphon bellows operating motor switch.
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A Hydrocooler refrigeration coil designed specifically for Hydrocoolers.

Figure 34.
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Cooling methods suggested for horucultural commodites

Size of operation

Commodity Large Small Remarks
1
Tree fruus
Citrus R R
Deciduous FA, R, HC FA Apncots cannot be HC
Subtropical FA.R FA
Tropical FA R FA |
Bermes FA FA
Grapes FA FA Require rapid cooling faahues adapuble 1o
SO, fumigauon
vegetables
Clmagi VC, FA FA
/! lettuce vC FA
Kale. collards VC.R. WV FA
Leaf lettuces, spinach. endive, escarole
Chinese cabbage, bok chov, romaine VC. FA, WV, HC FA
Root vegetables
with ops HC. PL FA HC. FA Carrous can be \'C
wp HC. PI HC. PL. FA
Insh potacoes. sweet potatoes R wievap coolers HC R With evap coolers. facilities should be adapted
to cunng
Stem and flourr vegetadles
Aruchokes HC, PI FA. Pl
Asparagus HC HC
Broccolt. brussels sprouts HC, FA. PI FA PI
Cauliflower FA, VC FA
Celen, rhubarb HC. wv, vC HC. FA
Green onions, leeks PI. HC Pl
Mushrooms FA VC FA
Poa :egetables
Beans HC. FA FA
Peas FA.PI.VC FA PI
Bulb : egetables
Drv onions R R.FA Should be adapted t0 curing
Garlic R
Fruat-txpe vegetables
Cucumbers eggplant R. FA, FA-EC FA FA-EC  Fruit-tvpe regetables are chilling sensine
Meions . ¢ but at vaning temperatures
cantaloupes, muskmelons, honeyden
casaba HC FA. PI FA FA-EC
crenshaw FA.R FA FA.EC
watermelons FA, HC . FAR
Peppers R. FA, FA-EC. VC FA,FA-EC
Summer squashes, okra R. FA, FA-EC FA. FA-EC
Sweet corn HC. VC, PI HC. FA Pl
Tomaullos R. FA, FA-EC FA FA-EC
Tomatoes R, FA, FA-EC
Winuer squashes R R
Fresh herbs
not packaged HC. FA FA.R Can be easilv damaged bv water beaung in HC
packaged FA FA.R
Cactus
lexves (nopalitos) R FA
fruir (tunas or prchlv pears) R FA
Ornamenials
Cut Aowers FA R FA When pachaged. unls use FA
Pocted plants R R
R = Ronm Coohug FA = Forced-Air Cooling, HC = Hvdrowwohing VC = \acuum Cooling WV = Water Sprav Vacuum Couling, FA.

EC = Forced-Air Evaporauve Cooling, Pl = Package lany

SEST AVAILABLE DOCUMENT

I,



An evaporative cooler

for vegetable crops

James F. Thompson O Robert F Kasmire

Some vegetable crops are harvested with
pulp temperatures too lugh and under hu.
mudity coaditions too low for maximum
shelf life. Present facilities for cooling pro-
duce and providing proper humidity usually
consist of a system for rapid cooling as the
commodity amves from the field and a cold
room for subsequent storage. Both are ex-
penmive to install, and the mechamscal
refngeration system for the cooler requires
large amounts of energy. The goal of this
project was to develop a simple, low-cost,
energy-efficiet alternative that would be ap-
plicable to both large-scale and small-scale
operauons.

Evaporatve cooling 1s an effective means
of providing low air temperature and high
relative humudity for cooling produce. Its
limitation 1s that a well-designed <ystem pro-
vides air at one to twc degrees above the wet-
bulb temperature of the ambient arr, outside
the cooling unt. The mean wet-bulb temper-
ature 1n California ranges from 50° to 70° F
dunng the harvest season and drops to
slightly below 40° F dunng the winter These
temperatures are acceptable for cooling the
chiling-sensiive crops Lsted 1n table |
Crops not listed in the table require a storage
temperature near 32° F and would not be
switable for thus system

A small unit was constructed to venfy the
Tectiveness of evaporauve cooling (see
drawing). The fan was selected to provide
ibout 400 to 600 cubic feet per munute (cfm)
120.75 t0 0.10 1nch watergage static pressure
Mus 13 enough air flow to cool at least 600
ounds of produce in | to 2 hours

The cooling pad was a commeraally avail-

ble aspen fiber pad aesigned for evap-
rative cooling. The total pad area was §
» square feet, which resulted 1n an average air
velcaity through the pad of 5010 75 feet per
'munute (fpm). The velocity recommended
for most evaporative cooling systems 15 1n the
‘range of 100 to 300 fpm. The low veloaty
was selecied to ensure nearly complete satur-
auon of the air, resulting in lowest possible
cooling air temperature and a hugh relauve
hurmudity. Also, the large pad area fitted the
nze of the air plenum required for distnbut-
ng the cooled arr to \he vegetabie boxes

20  cauFoRNIA AGRICULTURE MARCN APRIL '98)

The low cost of this cooling system

makes it especially suitable for

small farmers and roadside merchants.

Italso can be used for short-term storage.

A small pump was used 10 recurculate
water from the bottom to the top gutter. The
rate of water flow through the ped was 0.42
gallon per munute. The unit consumed less
than 0.03 gallon per munute of water through
e¢vaporation, and an additional small
amount of water was conunuously drained
away to prevent salt buldup. The umit was
bwh prunarily of %-inch extenor grade
plywood. If new matenals were purchased,
the total unit would cost about $150 to $200.

Table 2 summanzes the data obtained 1n
five cooling expenments All commodines
were packed in commonly used containers.
The arr flow vaned with the amount of
produce placed on the cooler, because fan
output vanes with air flow resistance. The
cooling rate for each commodity 1s pnmanly
a factor of the rate of air flow per weight of
produce The lower air flows of about | cfm
per pound resulted i % cooling ume of
about two hours (% cooling ume 1s the ume
required to cool the produce % of the dif-
ference between the inyal product temper-
ature and the temperature of the cooling air.)
Aur-flow rates over 3 cfm per pound prowvid-
ed % cooling umes of 1% hours. These cool-

ing rates e rapid enough for most opera-
tions.

The graph lustrates the cooling xur tem-
pa-uurepmducedbytheunndmn;a
U-hour period. The fan was producing
about 500 cfra. The maxumum arr tempera-
ture produced by the unut was 70° F dunng
the afternoon with a mimmum dunng the
early morrung of 57° F In general, the ar
temperature produced by the unit was about
2° F hugher than the wet-bulb temperature.
Thus resulted 1n a relative humidity of about
90 percent mn the arr leaving the unit. The
temperature of the arr through the cooling
pad was % to 1° F higher than the wet-bulb
temperature, and the remander of the In-
crease was caused by heat from the fan and
motor  The test was conducted dunng
August, whch typically has tne hughest wet-
bulb temperatures of the year.

memohngumlmpowedbya%
horsepower (hp) fan motor and Xe-hp mcar-
culation pump motor This energy mput pre-
duces nearly 11,000 BTUs of cooling (nearly
I ton of refngeration) when 500 cfm of arr 1
cooled 20° F. For each unit of energy mput,
14 energy unnts of cooling are produced. A
mecharucal refngeration system produces
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TABLE 1. Recommanded Slorage Temperatures

e B e e SN Gpcmmy | WpmeTy | wwecw; s [ - [

and Humiditias for Salscted Crops
Rolative
Commodity Tomperature  humidity
.F %
AaroCc3d03 40-55° ~ 8590
Snap beans 40-45° . 9095
Cucumbers 4550° 90-95
Eggplant 4550° - 9% .
Most melons 4550° . 8585
Cikra 4550° 90-95
Swroet peppers 4550° 90-95~ -
Flrm ripe tomatoes 4550° 85-90
Pumpking, -
winter squash 50-55° 70-75
Sersat potatoes $5-60° . 8590 ..
Mature green
tomatoss £5.70° * 8590 Air temperature produced by coolet.
Salitomia
grapefruit 60" 8580 - -
r Lamons R&60° 85-90 - -
TABLE 2. Summary of Evaporative Cooling Trials
S'weet ni squas Crooked-nock
Tomato peppar Test H Test #2 squash
Waight cooled (Ib) 540 100 583 168 168
Alrflow (ctm) S80 - 385 502 510 510
Airfiowlwnt (cfm/ib) 11 39 08s k) 3.0
% cooling time (min) 120 75 100° 75 75
Awerage mutlal pulp
tamy (°F) 74 90 87 84 85
Horaraga puip temp at
% cool (°F) 81 al - - 69 69
fevarage dsy bulb
temp (°F) 85 72 98 80 80
Axverage wet bulb
temp (°F) 52 56 7 64 64
Awrovage temp of
__cooled air (°F) 55 60 74 67 67

“C Mculaisd Fom 112 cooling time data

BEST AVAILABLE DOCUNENT

about J energy units of cooling for each unit

input (but 1t produces lower temperatures
than cvaporative cooling can).

The test unit provided optimum relative
humidity and acceptable temperature condi-
tons for cooling most types of chulling-sensitive
preduce The maximum temperature pro-
duced by the unmit exceeded recommended
temperatures by about 10° F because of high
ambient wet-bulb temperatures. Dunng the
cooler harvest months and cooler imes of the
day, the unit can prowvide nearly optimum
temperatures. In any case, most refngerated
transit vehicles or cold storage facihties, if
properly utiized, can prowide the small
amount of additional cooling needed to bnng
the produce to optimum temperature,

Mimumum produce temperature can be ob-
tained by allowing the commodity to remain
on the cooler until the wet bulb drops. For
example, when the afternoon peak wet-bulb
temperature 13 10° F above the denred com-
modity temperature, the product will need .0
reman on the cooler unul early moming
This may require additional cooler capaaty,
but considering how nexpensive the equip-
ment is, this should not be a problem. When
wet-bulb temperature 1s not high, the com-
modity can be removed from the cooler
within a few hours

Another advantage of this system 1s that
the cooler can also be used for short-term
storage 1n place of a relauvely expensive
mechanically cooled storage room. The sys-
tem produces cool, high-humidity air that
can be forced past the produce, even after it
has cooled, wmithout damaging 1. To reduce
energy us» duning storage, it would probably
be desirable to have a two-speed fan in the
unit and use the low speed dunng storage.
With this modification and some temporary
shading, any fieid location with water and
electnaty could be used for short-term
storage

The small investment needed to set up an
evaporative cooling system and its low
energy requuements make it especially
suitable for farmers and roadside merchants
who do not have the financial resources to
invest tn a mechanically cooled storage room
or cooling faclity. Many of these producers
have ather ignored product temperature
management or depended on a custom cool-
ing and storage facility some distance from
their operations. The technology descnibed is
inexpensive enough to allow almost any
grower to use 1t to help ensure produce quality

Jemes F Thompson s Agnicultural Engineer, and
Robert F Kasmure is Vegeiable Specialist, Cooper-
ative Extension Umversiv of Califormia, Davis
The authors graiefullv acknowledge the Commut-
tee on the Relanionship of Energy to Agnculiure
Jor support of this research
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The exact prices of the electrical components are as

1

st

H ectrical Component ce_List

Thermostat 115 volt, 16 amp, remote bulb,
Penn model Al19ABC-24

1/3 Hp, PSC, Centrifugal Blower
Dayton 4Cg831

Air Conditioner 115 volt, 12 amp, 12,000 btuh
Amana ,

Cycle Time.s 115 volt, 20 amp, SPDT, 1 hr,
60 event, Dayton model 2E357

Steel Strip Heaters, 150 Watt, 8 inch, 115 volt,
Vulcan model 1208, € $17.69 each.

TOTAL

follows:

$44.65

$132.91

$500.00

$69.51

$35.38

$782.45
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2X6 BAND JOIST e __|
2X4 DOUBLE 'TOP PLATE—
379" EXTERIOR PLYWOOQO

ON ALL SIiDES, TOP aND
BOTTOM(PAINTED WHITE)

2X4 STUDS @ 16° CC

6 MILL VAPOR BARRIER—y—]
BETWEEN FRAME AND

OQUTSIDE P Y%O%]‘wﬁ_l.

SIDES, TOP

ZX4 PRESSURE TREATE
SILL ,PLATE

’
™
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SHEATH_ INTERIOR SURFACES W/
3A EXTERIOR PLYWOQD
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WOOD SURFACES
W/ WHITE OIL
BASED PAINT

€ -llgse®
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PREFERABLE (USE 34" ON FLOOR )

2X8 BAND JOIST

2X8 JOIST@ 2'CC

4x6 Sxios m:swn:‘u
TREATED @ O 41n/1LY CCA

FRONT ELEVATION

3" OVER LAP—h-FOAM
TOP ANO

BOTTOM

34 EXTERIOA
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AND BOTTOM

TOP VIEW,

SHOWING \
HINGING TO
WALL

2X4 FRAME!
33" FIBERGLASS
INSULATION
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SIDE
EDGE
VIEW

FRONT
VIEW

OUTSIDE

6 MIL VA
2%4 waLLS

DOOR_CONSTRUGTION
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METAL
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©
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E STUDS FOR SUPPORT HINGES
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PLAN VIEW
LoN View
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S 1] ST,
AN ING, s/ FLOO
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AND CEILING, INSULATION

QOOR 8 waLl. CONSTRUCTION

LENGTH VARIABLE

~COMPRESSOR

PROVIDE SHADE !
FOR COMPRESSOR
BUT DO NOT .
BLOCK AIR FLOW‘

NOTES: CONVENTIONAL
STUNWALL CONSTRUCTION

1 PAINT ALL EXTERIOR SURFACES WHITE TO

REFLECT HEAT-

2 3uvz" FIBERGLASS OR EQUAL FOAM INSU-
LATION BETWEEK STUDS IN ALL WALLS

3. USE 812" FIBERGLASS OR EQUIVALENT "R"

SKIDS FOR
TOwWING
VALUE FOAM
OMPRESSOR . AND CEILING

INSULATION BETWEEN FLOON
JOisIs

4 BE CAREFUL wHEN
THYLENE VAPOR @
PUNCTURES, TEARS
POSSIBLE JEAL WITH DUCT TAPE

INSTALLING POLYE-
ARRIER TO AVOID
. ETC WHEREVEA
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(L4 mm“—.m
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REFRIQGERATOR

PLAN VIEW

OPERATION

LOW AIR FLOW FROM
EVAPORATOR FAN TO
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CONDENSING COILS —

CONDENSATE DRAIN l
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MATERIAL LIST FOR 12' COOLER

35 WALL STUDS 016" 0.C. - CUT LENGTH T0 6-Tve”

CEILING AND FLOOR JOISTS @ 24°0C, 7-2X6X8' FOR CFiL-
;yosmo 7-2XGX0' TREATED FOA FLOOR, CUT LENGINS 10
-3 e

BAND JOISTS! 4-2X6X12' (2 FOR FLOOR TREATED) - CUT
LENGTHS TO i'- 91/a”

PLATES? . . .
6-2XAX12" (CUT LENGTH TO 11'- 1 1/a")
6-2%4X 8'(CUT LENGTH TO 7'- q 1747 )
USE TREATED FOR BOTTOM PLAIES

SKIOS 2-4XEXI2' PRESSURE TREATED FOR GROUNG COMIACT
SHEATHING.

€9 SHEETS OF 3/8° PLYWOOD
3 SHEETS OF 37" PLYWOOD

INSULATION 122 SQ FT OF R19-22 v~ wipin
PAINT* 2 GALLONS OF WHITE OIL BASE

ONE TON REFRIGERATION UNIT
-COULD USE TWO STAGE TO SAVE ON ELECTRICIIY

A hp, 8" WHEEL SOUIRREL CAGE FAN (800 cim® 025 5P)
8'X100' 6 MIL VAPOR BARRIER
1-8' METAL DRIP EDGE

1-50' AOLL OF "STICK ON® FOAM RUBBER WEATHER
STRIPPING FOR SEALING DOORS

2 PAIR OF HEAVY DUTY DOOR HINGES
| DOOR LATCH SET AND LOCK

ROOF 8-2X6X12', 144 SO FT ROOFING, SHEATIHWNG,
AND PURLINS

* COMTAINERS STACKED

TO PREVENT AIR | EAKA

TIGHTLY
GE

* NARROW DIMENSION PARALLEL TO

AIR FLOW

* CARTON OPENINGS SHOWLD BE

Smunnry Canr

AT LEAST 4%, OF SIDE AREA

TOoP PRE - COOLING \
i PERATION * CANVAS STRIP FORCES AIR 10 ———
iND enoSar o onar L ' 2‘ 0 GO THROUGH CARTONS |
PRO ART HGH AR FLOW —_
Roouce /c ATONS TO SPEED COOLING b\/\
8 — AN AY /\ -
/ \‘ \\ \\ \‘ AIR FLOW THROUGH STacx
mgg \ \ / AND FaN
PRESSURE » .
O ] 12" MLYWOOO J e,
/-—-mcu PRESSURE FRAME ORISR ST amITEasiTT ¢ A L et
= A0 ¥ P SEPT 97 4P COOPLRaVING
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REFLECTOQUANT® System
Like Having a Lab in the
Palm of Your Hand!

o Error-Proof—Bar Code System
Eliminates Data Entry Errors

Measurement Data
Downloadable to Computer

for Easy Organization, Analysis
¢ Saves Time and Money—Costs
Just Pennies per Test ’

LIVIRVIYIVIEN AL, IVIEASUKEMENT

Now' vou can get results

g ™ hen and where vou need
them. The Reflectoquant
System 1s a revolutionary test
technology that allows
# anyone to get accurate
W analvie concentration

¥ measurements anywhere in
the lab or 1n the field.
S The system gives you
MY quanufiable results in just

seconds for 2 wide vanety of
analytes. Just program the
RQFLEX¢ hand held meter
using the preprogrammed bar codes.
Dip the appropriate Reflectoquant
Test Stnp 1n your sample. Then wnsert
the stnip into the meter and read the
cuvacentration directly on the digital
display What could be simpler?
The meter can hold five test stnp
methods 1n memory to further
dutomate your work. Plus, up to fifty
indivrdual test stnp measurements can
be stored by the nstrument and
downloaded to your computer for
analysis and filing.

Get the only portable test system that

“

combunes the speed and convenience
of test stnps with the accuracy ofalab
wnstrument Order the
REFLECTOQUANT System today

|
Cat. Ne. Descriptien Lach
EM-16950-1XS  RQFLEX Meter 3495 00
REFLECTOQUANT Test Strips
Reage, [ 3
Cat. Na. Test Strip prm of 50

EM-16381-1X5 Ascorbic Acid 25-450 $44 95

EM-16988-1XS Chromate 1-45 4995
EM-16984-1X5 5-200 4495
EM-16979-1X5 Molybdenum 145 55.55
EM-16871-1X5 Nrtrate 5-225 4495
EM-16995-1X5 Nitrate 3-30 4495
EM-16973-1X5 Nitrite 05-25 4495

EM-16975-1X5 Peracatic Acd 1-22.5 4495

EM-16974-1X5 Peroxide 02-20 4495

EM-16936-1XS pH 4-9 44 95

EM-16980-1X5 Sitver 0.2-5 g144 95
(Fixing Bath)

See Page 8 for a technical
discussion of the
applications of the
REFLECTOQUANT System.

PHTestr 1¢ with
the portability of a
soil pH test ki,
Goes anywhere
You necd to take
fast, repeatable
rezadings

! » Networkable —Stored

ENVIRONMENTAL, TEMPERATURE/CONDUCTIVITY

» Oakton® Conductivity/
e Displays

W Temperature &
R Conductivity

¥ Together So
"4 You Can Work

Faster, Better

The Oakton
Coaducuvity Meter 1s
nch in features, yet
modesuy prniced. Offers the
five most useful measurement
| ranges with manual or auro

| ranging for fast response. You
Can calibrate.to any
cooductivity standard value
you choose and store up to
five caibration pounts for
lighest accuracy 1n all ranges

Dimensions-
7.75"L x 6"W x 2 75°H
Weghe: 1 9 Ibs

Comes as a complete kit so
yYou're ready to stant tesung

nght awav
Crz. Na, Each
34100-214X5 $85 00

- Sze TSLx3SWx1 75"H
Weight 1 b

When you want top value for vour money
in 2 conducuvity meter, choose VWR
Showcase Express

Cat. Yo Each

B Temperature Meter ff gr=m=sgm

pH/mVI‘C Meter Kit
Organizes, Speeds Your
Field Measurements

Great for measurements 15 and
out of the lab Puts everythung
you nced,
all in one
place so
you're
ready to go
ata
moment’s
B nouce.
B Includes

3 the Oakton
B PH/mV/C

) o " meter, pH

clectrode, temperature probe, three buffer
muxng bottles, squeeze botte, two each of
PH 4, 7 and 10 buffer capsules, battenes,
two electrode holders and and a protecuve
field case. Kit Size 15 5"L x 11°W x 4.5°H.
Weight: 4 5 ibs
Get the go-anvwhere, use-anvume system so
vou're atwavs ready to take professional
measurements

Cat Ne Kach

34100-238X5 $350 00

34100-232X5 $360 00

:\r‘n‘.” [i!h:f [

,',‘5',‘15,1
'

)

N



CHECKER pH Tester

Get High

Accuracy with Temperature Meter
0.01 pH with RS-232
Resolution in a Download
Pocket-Size Unit Readings

:cpm:g: :;; fatest Straight to Your
testers Just immerse PC or Printer

in your sample and This Oakton unut gives
read tue pH value you more features and
Unlike other pH better performance
testers, you can than any meter in 1ts price
change the electrode to the size and shape that are range You can switch
perfect for your application. Electrode must be accurately and immediately
purchased separately Range: 0.00 to 14 00 pH Size from conducuvity to TDS
26°x20°x 1" Weght: 2.2 ¢z readings with temperature,

For the cost of a few rolls of litmus paper, you can

ENVIRONMENTAL, TEMPERATURE/C

ONDUCTIVITY 7

. Memory function

B |l stores and recalls
up to 16 sets of
measurements
And the RS-232 i
% nterfice lets you

download dara to

virtually any PC for
analysis or to your
pnnter for
hardcopy records
Size: 7.5°Lx 3 S*W
X 1.75°"H. Weght,
1.

You can count on

4 thus meter from
Oakton when you
need superior data
management of your
conductivity and TDS readings
Cst. Na. Rech
34100-242XS $625 00

have the industry’s most advanced pH teste?

S e Ny

Cat. Ba. Descriptica Bach sn=570 b DY o e T -

34i00300x5  checkerWR whouitnscrew 33500 s NEW VIWR. General: Catal.
connector iy T em L e e ol

30100-405X5  CheckerB w/bult-rm BNC 2300, Call today to be placed on the Iist
connector

34100407X5  Screw type. 1365

epoxy body, gel
filled electrode gr 34100?300)(5

B
" e o

Daktone B o ———

™ gTestr Oakton* Conductivity/TDS$/
ermometer Temperature Meter

Fdst, Stable Gives You
Readings in a Three
Pogket-Szze R =20 Meters in
Unit . One
Remarkable accuracy I Let' ch
and a whole range of &osyov._lsvnt
“easv-use” features are B m cr- ducuvity
made possible i t
b xcause of the ; ;m‘g:"ﬂm
Tc_mp ;gcu’c:sor accurately and
amere casity with the

Accuracvs £1°
Features include *F/*°C
selectable scale, hold
funcuon, push button calibrauon,
autc-off and self-diagnostcs Size
5.9Lx16"Wx094'H Weight: 325

touch of button
Use the auto-ranging feature or select
manually between five conductivity
ranges Meter auto-ranges 1n the TDS
mode Sumple to calibrate 1% FS
accuricv Dumensions 7 5. x 3 5™W

oz
x175'H Weght 11b
Choose Oakton for the “next
generation™ n temperature tesung g:;;’;:omm, “madvgs c&m““ tn 1ts
Caz. No. Each st Ne P 2ach
34100-228X5 -
33550 34100-240X5 $475 00

9495 VWR Scientific General Catalog. It's the/FSri-. - -
comprehensive source book for all your laboratory needs, -
CGall now to FESErve your co

" Oakton* Thermohygrometer

Is Coming s
v & o e > A T N0
for your FREE copy of the -

e L e pan_ ko,
B

DY -__avaﬂﬂble i 1S~Pm_1g';-"- - 1'

Sty

A Reliable, Economical
Selection for

Environmental Monitoring

Momtor both the hurmdity and
temperature of your office,
laboratory, greenhouse or computer
room e P

selectable °F /3.
or*°C »
temperature | 3§
readout
Accurate
and stable - W
Supplied with
battery and N
mounung bracket ;
Order before noon. we'll shup your
thermohvgrometer todav You could
have it tomorrow

Cat. No.
35521-050X5

Exch
$120 00

_MM To order toll free: 1-800.932-5000 from anywhere in the U.S.
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Quick Reference Index
Environmental 2 Lab Essentials 11 Safety 21
Bags 2 Books 11  Aprons 21
Chromatography 24  Bottles/Beakers 12-13  Bags, Disposal 22
Synnge Cleanung & Buckets 14 Cases 23
Mantenance Gude 3 Rrpnels 15 Chemicals 23
Measurement 46 Measurement 15 Computer
Temperature/ Protecuon 24
Conductivity 67 ss:m/oma :2 Eyewear 2425
First Aid 26
Food & Beverage 8 Life Science q7 Flashlights 77
Rcﬂcct'oquznto Centnfugation 19 Gloves 28-29
Analysis System o . Hand Protection 30
Review 8 Liquid Handling 17-20 Monitors 30
Bags 9 Molecular Biology 20 Training 31

Microbiology 910

order from VW scentiic €3l §00:932:5000 o e mvess VWR Scientific

A & VWP COMPANY

Custome Service Locations: ; /5, -+ - 117 [INOr Cal  Direct for Specialized Service Locations: . * - *- & w05 Lo
Giiforma Einog Rochester Furneture Lake Charles Canada Ontano
Los Angeles  703-879-0600  716-247-0610 mm 318-882-6200 mmmd ﬂmcmm 519-649-5454
3104040770 \iumnets  Pennsyhana 214-2586953 o Alamos 908-7574045  902468-2237  800-265-3496
Sonfrancsco 6174611880 800-234-9300  \WRNagnd  SOSG62-5558  fax 087570113 800-565-1151 :‘ 5196035484
4154537150 Teas Accounts Parkest Puerto lico : estem Canada
Colorado 6034672600 7132404700 N4201218 044855123 BsTEsz2  Quebec o A0ASSMID
303-371-0970 oy o Washington ViR integrated  Oak Ridge CPRTMAN 003616442 fox 4034652504
Goorgia New York 206-575-1500  Bucinacc 6154810874  Switrerland fax $14.3440133
4040231354 City Endgeport 41-1.941-5440
908-756-8030 609’467’2@5 fax 41-1-211-5650
® Trademark ownersihup consuit General Catalog
There Are More Time & T ei—— ok b VTR Gener —— ity
Money Saving Products On PO Box 13645 BULK RATE
the Way. Look for Your Phuladelphua, PA 19101-3645 US. POSTAGE
Next VWR Showcase PAID
Express Catalog Soon. ATTN. MAILROOM: If addressce ss 0o longer Permit No. 574
= S with the organirauon, please defiver to faboratory PHILA, PA
products buyer Thank you. T WG,
Address Correction Requested.
Ask for the NEW "vwR
Complete Guide to BEST AVAILABLE DOCUMENT
Safety” Zatalog...300
Pages o/ . 'fety Products
for Your Business.



eIV, CIWLUKINE

L-.n;g. L
Pree and Total Chlorine—
. Model CN-66, Cot. No 2231-01

Chloride. Foundin nearly all

Low Range Chlorine—
Cuw Mod=i, Cat. No 20603-00

either silver or mercuric nitrate

Chlorine. The most widely

Chloride—CD-51,
Cat. No. 2086.01

wastewaler Its measurement

natural waters, chloride affects titrant and the Model CD-DT, a used disinfectant for dnnlang and control are vital for both
human taste above 250 mg/L. mult-range lat, 1s suppled with  water, chlonne is also impontant  safety and econonuc reasons
High levels inhubit plantgrowth, a demuneralizer bottle for hugh- for sarutizing swimmung pools,
and many industnal processes range sample dilution cooling towers and other Many Hach chonne tests have
need to limut chlonde industnal equpment, andin the  been approved by the U S
concentratton. Test ats use treatment of municipal Environmental Protection
Smallast Approx. Case Ship.
’ Range Increment No. of Style wt,
Test Cat. No. Model {(mg/L) {(mg/L) Method/Chemistry Tests (Seep.194) (Ib)  Price
Chloride 144001 8r 5100 ) Drop count titration/ 100 B 1 325.00
As Ct- 20400 20 Silver nitrate
208601 CD-51 500-10,000 500 Drop count titration/ 100 B 1 6250
5000-100,000 5000 Silver nitrate
Cr+ 2063500 CODODT 108000 01-20 Dignal Trtrator/ 100 F 4 15015
Mercunc nitrate
'Fhlorlm, fow range
As free Cl, 20603-00 Cupe G25 05 Color cube/ SOF A 05 1250
‘ DPD
As total CI, 2060400 Cube 025 05 Color cube/ 50T A 0.25 1250
' DPD
\s iree Cl, 223102 CN-66F 035 0.1 Color disc/ 100F B 1 3250
DPD
\s total CI, 223103* CN-66T 035 0.1 Color disc/ 100T B 1 3250
. DPD
s free & 223101+ CN66 035 01 Color disc/ SOF 2] 1 3250
s free & 1454200 CcN-70 007 0.02 Color disc/ 100F D 2 45,75
Cl, 035 01 DPD +100T
free Ci, 1454201 CMN-70F 007 002 Color disc/ 200 D 25 as7s
035 0.1 DPD
total Ci, 1454202+ CN-70T 03.5 0.1 Color dis¢/ 200 D 25 41.4s
007 0.02 DPD
5 free & 21230-00* CN-30 0-0.7 0,02 Color disc/ 100 F D 25 75.50
tal Ci, 035 01 DPD +1007T
10 mg/L: T only) o107 05
} free & 4110002+ DR 100 02 0.02 Crlonmeter/ 100F F 3.5 24500
tal C1, 03.5 0.1 DPD +100T
\ccuVac Amputs 25020-25t AccuVac  O-2 Pkg of 25 free chionne reagent ampuls 25 12,95
as free Cl,) (resupply for Cat No 4110002)
ccuYac Ampuls 25030-25¢ Accuvac 02 Pkg of 25 total chionne reagent ampuls 25 12.95
3s total Ci,) (resupply for Cat No 4110002)
free & 46700-00t Pocket 02 001 Colonmeter/ 100 D 2.5 29500
U CL Colonmeter 0-4 5 01 DPD
XOved by soe states ‘or ootavie water repor "¢ Jncer specifiec congitions Check with vour eguiatory agency
EPA-3p00r0ved ‘Gr anans.s of wasiewater ang ootaole wate-
2 1-800-227.4224

BEST AVAILABLE DOCUMENT
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~HLUKRINE, CHROMIUM

i, VTR
Low Range Chromium—DR |

—

- 22, A9
id and High Range Chlorine— 00 Coloririeter,

odel CN-65, Cat. No 2254-01 Cat. No. 4110008
jency for reporting purposes. orthotolidine, a hazardous About 1, Bry and I, Chromium. Widely used as a
yproved tests are indicated in substance sometmes used as a est] x | ’f total corrosion intubitor in cooling
e chart on page 152. chlonne test reagent. testing—All of our tota lowers and engine cooling
chionne test kits can be systems, chromuum s also used
st lats contairung DPD Kits for determunung higher used to measure iodine or in surface finushung, leather
lonmetnic reagent are used levels of chlonne use thiosulfate bromine in the absence of tanrung and other n dustnes
»st often for monutonng ‘o measure chlonne titn- chionne or other oxdants The most widely used form,
table water, smmmng pools  metncally All chemucals usedin  For lodine concentration, hexavalent chromyum, s very
1 waste effluent Powder DPD  Hach test kats are manufactured multiply test results by 3.8, toxac and stnet limuts are plared
icts wmith chlonine more by Hach Company to ensure for bromine, muttiply by 2.4 » on discharges, .
ckly than tablet-form DPD, compliance with stnngent Kits also are available for the
ng more accurate results quality control standards direct measurement of bromine
~der DPD also has a and woaine See alphabetical
isiderable advantage over hist on page 146
Smatlest Approx. Case Ship.
Range Increment No. of Style Wt.
8t Cat. No. Model (mg/1) (mg/L) Method/Chemistry Tests (See p. 194) (ib) Price
orine, mid and high range
total Ci, 225401 CN65 024 02 Drop count ttration/ 100T D 2 %4950
1-20 10 Thiosulfate
2434400 CN-21P 10-200 10 , Drop count titration/ 100T - B 1 2250
Thiosulfate
2471100 CNOT 202000 0250 Digrtal Titrator/ 1007 F 4 15300
Thiosulfate
romlum, low range .
hexavalent Cr 1252700 Cube 010 02 Color cube/ 50 A 0.5 1250
Diphenylcarbazide
183400 CHs8 015 01 Color disc/ 100 D 1 3500
Diphenylcarbazide
41100-03* DR 100 00.5 0.05 Colonmeter/ 100 F 3 245.00
Diphenylcarbazide
cuVac 25050-25* Accuvac 005 Pkg of 25 hexavalent chromium reagent 25 13.95
puls ampuls {resupply fur Cat. No 41100-03)
lexavalent & 222800 CH12 015 01 Color disc/ 50 Cre- F 3 10800
I Cr (Trivalent Diphenyicarbazide, +50 Tt
ifference) Hypobromite ox.dation
snlum, high rangs
exavalent Cr 222702 CH-14 5100 5 Orop count ttration/ 100 D 2 3500
50-1000 50 Thiosulfate
20634-C0 CH-OT 20-400 022 Digital Titrator/ 100 G 7.5 154 00
Thiosuifate
mium (Hexzvalent) In Soils and Water
24618-00 0 5-15,000 mg/kg (soil)  Extraction/ Q 10 25200
0-750 mg/L (water) Diphenyicarbazide

3300'0ved ‘or aransis of wasiewater *Ki INCiuoes nine Heatap fuel tapiets irequired for gigestont Eac~ eatap wul orovide fus) for hive *otal criomiym
nauors To orcer 3aditonal HeRaos see 2age 195

153
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If Hach account
number 1s not known,
leave the space blank

Most chemicals and
apparatus are sold
separately (“each”),
but others are sold in
unds Powder pillows,
for example, are
available in packages
of 100 To purchase
100 powder pillows,
order 1 unt, not 100
pillows Be sure to
order the number of
units (packages) you
need

Include all numbers
given in the catalog
description

A one- or two-word
descnption of tem

If more than one size
of an item is offered,
state the size you
want

Your shipping charge
goes here Figure
your simpified freight
fee with the table
found on page 314

Check one box Tax
exempt status must
be substantiated with
documentation
identitying your tax
exempt number |
taxable, sales tax will
be added to the
invoice

Literature Request Form appears on reversé side,

FAX/MAIL ORDER FORM

Address order to: HACH COMPANY, P O Box 608, Loveland, CO 80539-0608
Use this convenient form, your own purchase orders, or FOR PROMPT PHONE SERVICE CALL
8C0-227-4224 ! orderning by phone, please have information related to tems 1-4 (below) ready

1 Check box if “Ship To" information 1s dentical to “Bill To "

E— coMpany ! | . ' ! i :
U osionor ! S T RO |
L K I ' . :
AODRESS L L
T{emw o ' P g STATE ___ | pp' :
° RN L1
L | arrenmon : ' : ! ! ,
PHONENO  { ) EXTENSION
[ ] 1 ! [ ' 1o ]
a.mlelll"llll’,lf.'llllllm
! | ! , ' [
lcoupm!l‘l-"‘lll!vlllltgllil"l
Poms:o«or’lll"illllil'i::;l!!!l"
5 AOORESS | I : o ! ' [ I
-—Jcm-f': [ L | STATE | 2P __
! 4
HACH ACCOUNT NO (f availatis) B ' | . L
PAYMENT METHOD: [JCheck [JMasterCard [JVISA [ Purchase Order
Card Account No or Purchase Order No Card Exp Date Signature
2] 3] 4] a8
HOW UNIT UNIT
MANY CAT NO DESCRIPTION SZE__ ! PRICE TOTAL
i
i
|
i J
|
| -
Prices are effective May 1, 1393, and are subject to change without nolice 16 Shipping Charge
‘ Ed TAXABLE® T Yes TNo ,
i no, tax exempt documentis  Enclosed " On file at Hach ___.‘
TOTAL ORDER

Check the type of samples (up to five) you test:

J{A25) Dnniung Walr 3 (H17 Boder Wxter (Power Procucson)  J{N13) Choess Daery
31822} Sewage Waler J{119) Boder Water (MVAL) J1014) Cerwem Snaca Foods
J{C2J) Woll Wawr residensal 31J18) Boder Wasr (indusinal Process  3(P16)

(V031 Sod. Pant. Ferthrer
J(WO01) Sk
J(YC2} Petrocneracal Refinery

J(D24) Surtace Watsr (nouc lakes “azor) J(008) Bong Water (Chir alas) Samptss
ey ran e ) 2 (K20) Cootrg Wit 2 {F08) Brng Water (Oudiesch) 3 (226) O

J (EOd) Fsherss Waler J{L10) Ukrapure Wate J1507) Metal Frusteng Batrs

(FOS) Swwmmeg Poor Water J(M12) bheat Poury Fah (ncudng 3 (T09) Daslyses Wated. Clrecal

J3(G21) incustnat Wastgwaier pet lood) 1S Awmal Feeo

Check ONE box best describing the principal product manufactured or service performed.

AGRICULTURE/FISHERIES MANUFACTURING PUBUC/WATER UTILTES
30100 Farms Crops 22010 MeayPourry 24911 Powsr (ldnd :9CIrCH LOMDES
40200 Farma Lrvesiocx 22020 Dawry 3 4520 Nat.rat G Praceon § Osstaaon
J 070U Sod Crop Lanascas | 212040 GranwCornans 24941 “ater Supply Traawment
Servces 3 2000 BeveragoWraBrawery 2 4952 Sewage Treatment Pan's
< 0800 Foresiry 4 2088 Bomed Waser J 4908 Comomed Uniry Service
J0921 Fah Farming Haxcnenes 2 2090 Ohar Food and Kinred Proascss 3 4950 Refuse Syssms
Aquacuthure 2600 Puo & Paoer
3 2000 Chemcans (noustow Diasacs WHOLESALERETAR TRADE
MINING Clumetcs SHepes pants msc) J 5000 Whowsae Gooas
J1000 Ores Coal Nonvnetacs 22830 Pamacascas onus J 5200 Retad Gooats

4 X300 Metass onmary J 5397 PoovSoa Sases § Sence

4 3400 Metas aoncat. s

< 1300 OkGas Extracon & Serces

CONSTRUCTION SERVICES

43471 Patng ang posrng

J 100 Genera BuschneyOtnar Trzoes 1 1500 Macwey navama) J 7011 Hotets & ather 0ogmg
<1629 inoustna Contrac ory |power < 3600 Etectronc secincai cquoment 1 7900 Poots Recreanonas Facanes §
wler was.ewaler 2anty) 4 3570 E-ac'rone: comoonents Servces

47290 wawr Conotoreng Pont-of Lse

43800 ns raTects b eqted prooucs
428 0 Waier Cononor G neLsnd

410 Ciner maracunng

417 »YAC Comtraceors
1780 Corstruc: on Warer Well Drskng

J 8000 Heazn Cany & urvces

28711 Coraxstarts Froneenmg Servces
873 RessarctVTe sang Lad Seraces
EDUCATION

38211 Elemontary secondary schoots
8221 Colieges. ureverses
vocasonsl schoots

SUBUC ADMINIS)RATION

49431 Puokc Hearth

49511 USEPA nguastry ageroes
J9512 Land. Mneral Wikhle

J 9711 Navonal Seaury Amed Forces

OTHER
4 1rone of hese casgones &S s
JUBNESS. 20234 ORCTOR heve

1632
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—— B NS e B 1 N\// ALY L CORPORATION .
& J 2320 Foster Avenue, Wheeling, IL 60090-6572

- 800-323-7442 ¢ 708-398-0110 ¢ FAX 708-398-0653

FREEZ[SAFE' INSULATED CONTAINERS
PRICE LIST NO. 600

Terms: 1% 10, Net 30 day:

F.0.B. Whealing, lllino

Minimum Order: $50 0(

There will be a surcharge added to 2
freight prepaid shipments. Prices anc
epecificatiuns subject to change

without notice

interior (bottom)
Sdodel Description Dimenslons in Inches Caso
Mo LxwiM
g :“NYLON-CLAD. TRANSPORTERS *: ;-
N cabinet wih 2% * theck foam-insulated walls and tenged bd Tough
nylon fabnc forms washabie, removable, inner/outer cover with carrying strap Exter- % x14%xx 23 $121.80
Ic4 10 red or biue {specrty color when ordonng). ntenor i healvefloctive siver UPS
'S’:::I?‘o;%no:r}udu?ngpnsmmuwsoc. but smaller capacity and 2° thizk 163 x 18% x 15% 1 81.85
Same as Model 25C, but 3 nches shorter i red or blue UPS 163% x 163 x 1294 1 70 80
&mdesmmdmmnuwdsoc.bmmmmdlh'm X
valls ln rod o bius Now avellsbie In black too! UPS 174 X 10 x 16% ! §9.85
&or;nuupssuodolw?.bmmmumu In red or biuo Now aveilabia in bloek 17% x 10% x 8% 1 50.00
&mmmmmmwm.wmmwm 1% * thick walla,
and sdjustebis caTying strap tor stadium-styte vend: or hand carrying In red or 17% x 10% x 103 1 63.90
biuva Kow avelleble in black too] UPS ™ ™
SlmasModolws,bmumn«Pododiotboddolmm UPS 11V x 9% x 6% 1 45 50
o~ .
110C :gﬁu&n:gu?wumm.MMrwmzm 12x12x 114
i o et Bhx 1%
25FW &mwmmum.mmwwz'mmups 183 x 16% x 1584 1 54.85
20FW__| Samo as 25FW, but 3 inches shortar UPS 16% x 16% x 129¢ 1 47.05
ISFW__| Same construciion as SOFW, but smalier £nd with 1% * thici, wals With strap UPS 17 x 9% x 18% 1, 37.45
110FW | Same mmmuw.mmapwty.z'm With strap UPS 12x12x 11 1 30.85
ScmoconstnmmuSOFw.bmwnhunanucapwtywm'anslnc!udu 76 1 91.13
175FW nylon web camying strap UPS 18% x 1176 1 12%
40FW_ | Same construction as SOFW. but smallor capacity and 1° thick walls UPS N% x 8V x 11 8 73.95
38FW | Same construction us SOFW, but smaller capacity and 1v1” thick walls UPS 10% x 7% x 10% 8 88 55
ARD A » DA POR .
Tep-opening, saamiess, moided ne, foam-insulated cabinet with .
SORAH | 4 wmy,?mnqes. 2 latchos and nan'?m uPsS 2% x 13% x 21% 1 468 45
SORAHOL | Same as Modol SORRH, but with detachablo id UPS 2% x 13% x 2% 1 475 30
S0RR Same as 50RRH, but without handies UPS 2% x 13v: x 21% 1 425.80
SORRDL | Same as Mode! S0AR, bt with detachable Hd UPS 2% x 13 x 21% 1 432.65
SORS J\m%mmm%mdpg‘m walls Luggage-grade ABS plastic extenor, foam 23% x 14% x 23 1 263.30
o | bl i TR Y o et S i i | g ron | | s
2SRR | Same as 25RRDL but with hingedid, 2 lalches and moidodn handies UPS 17% x 16% x 16% 1 283.90
T chest wmith 2°
20RRH mmonorz 2 handloz mﬁfmmmu'ﬁswm ABS plaste 16% x 16% x 12% ! 303 20
Top-opening chost with 2° thick foam-insulatod walls Luqqao&gndo
2088 | Aps plastic extenor end foam intenor Includes nylon wed carrying strap UPS 16% x 16% x 12% ! 172.65
170 | iy, s s s puminsulted chst Top-opoming. wih hnges, WA \Taxizh | 1 | 20270
Top-opening chest with 2% * thick foam-insulated walls de i in-
152 tonor md?nancr, with top handle, hinges and 2 latches plast 16% x 10% x 10% 1 119.35
%48 Smalle: version of Modet 152, but also with rubber feet for tedie-top use UPS 112 x 9% x 9% 1 112.50
s [] ) ()
SOOLB Dolly for Modeis 50RRH and 50RR UPS 1 108 95
SOLD Doﬂy'orMOGolsSOC.sORSWSOFW UPS 1 108 ©5
2.8 _ | Dolly for Models 25C, 25FW, 20C, 20FRH, 70RS and 20FW UPS 1 108.95
25LAR | Dolly for Mudels 2SARDL end 25RR UPS 1 108.95
25LBR-2 | Double Dofly for Modols 25RRDL and 25RR_UPS 1 170 00
503 Set of !’bgsacbrag baskets of vinylcoated stoe! wire for Modets 50C. SORRH, 50RR, 50RRDL, 50RS and 5 82 60
Baskots.umocovmn:c!lonuMOddSOB.MMMSMMOOOB&C,ZSHRDL%HR.ZSFW.ZOC,ZORRH. 3 46 80
i 258 | 20RS and 20FW UPS
58 Baskets, same as Model 508, but 3ot of 3 for Models 195 an® 15FW UPS 3 45 30
108 Baskets. same construction as [1odel 508, but sot of 3 1o¢ MNodels 195, 197, 196 and 152 UPS 3 59 40
50S | Nylon wab carrying strap with handles for SORS and SOFW UPS ! 730
25S | Swap, samo as Model 50S bul for 25RR, 25FW. 20AS and 20FW UPS 1 710
155 Strap, same as Mode! 50S, but for 15FW UPS ! 665
38S__ | Beti-style nyton web carrying sirap for 110FW, 40FW and 38FW UPS 1 665

IO lemed agtpe bk e S5 man o cb AmgHd vallnted Darral Qe =n
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Monitoring Air Quality and Temperature
T 3 Speed read temperatures with this
| I Wovaae - | handy needle thermometer
I | 1y - ’ Usedinp Inspection, ported plant soil checks, liquid checks
Thus pocket-suze digtal probe
S thermometer provides accurate

§ readings from only 1/ second
sarmpling ame Covers tempera-
ture range of 40° 1o 300°F with
8 accuracy of +/- Z°F, eliminating

§ need for several bupetal parrow

Bk range thermometers. Stainless
i steel probe. Easy-to-tesd dipts

A NEAR N ' _ BN in both Celsius and Fahreaheit
Environmental Tempe NGRS R c";:?}og&'um:yqu?&m
For wse In poultry Rouses, animal nurseries, greenhouses, 1-9 thermomet. 10+ thermometers
walk-ia coolers, long-haul refrigerated trucks and display csses Order No. DTT2 $29.95/ca. $25.S0Vea.

Rugged self-contained, reusable units track temperatures wmith
accuracy of +- 2°F, giving you a rehable wnaen record for up to 10
dayz. Available in two temperature ranges: low (-20°to 1 and
high (3 to 150°F). Froat window lets you scan current and last 24
bours temperature data. Housed i 7'2°L x 4°W x 2*H, high-
ABS plastic case, this reusable recorder can be hung or mo-.at -
oa wall mith mounting bracket (included). Also includes “AAA”
battery, solid state quartz motor, and one 36" pressure seasitive
stnp recording chart USA nuade. Order replacement charts below
Temperture Raege OrderNo.  1-2wnlt 3+ onit
Low (-20° to 100°F) JOLF1  $195.00es.  $175.50/ea
High (30° to 150°F) 10HF2  $19500/ea.  $175.50¢ca.
Replacement Charts
Box of 24 pressure senntive charts, each providing 10 days of recording.
Chart for HIGH Range DTCA $25 95Vea. $835/ea
Chart for LOW Range DTCS 25 95/ea. 2335/ea.

Gas Detection ystems

Low-Cost Thermo-Hygrometer
[ measures temperature & bumidity

«« « iuse in greethouses, murseries or

enimal confinement buildings

Handy d.ptal, pocket sized instrument measures

) temperatures from 32°F to 122°F with +/- ZF

; bumudity from 2%-98% RH with accuracy
¢ of +/- 5% RH at temperatures between 5°F and

3 104°F. Features Min/Max memory for both measure-

i/ ments. Celnius and Fahrenhett scale selectable
Battery, pocket clip and carrywng pouch included.
USA made. 12 esxch  3veach

; i OrderNo. DTH2 353302 349 3.

for assesang gas concentrations in confined spaces such as animal sheds or
manure pits. Prstoa-type volumetnc rump uses detector tubes to scaurately
measure more than 200 gases and vapors. Sumply snap off ends of tube,
msert 1010 the hand-beld pump, and pull bandle to draw i a precsely
measured volume of ambsent air The farther the color stain travels along
the tube, the hugher the coocentranoa of gas. Calibration scale fér detector
tubes s printed for each producnoa lot Kit mcludes corrosion-resistant
pump with stroke counter, carrying case, mstructions, and spere

Sensidyne Gas Detection Pump DOSIMETER TUBES
Provides instant reading of gas levels B TR
Here's a ample detection system, providing a quick, pownt-m-tme reading ,%E'«_;}‘_,,«éi/ 2

parts. Five-year wammanty Order wubes separately below .48 RS L . TudeHolder

Order Ne. " : - i @ Provide time-weignted average
Detector Tubes (10’pack) for gares fouad is a7 sicnarions e PR readings for certain gases il
Gaa/Vepr Chrmicel Formula  Massurisg Riage (ppm)  TLV*(pp@) OrderNe. /18 tabes | Dreak off end of tube to expose it to gas.
Ammoen NH, 1-60 2 BL 8 93/pk. tppeaulougpnmedmlednecﬂyonwbe.Dmde
Carboa Dronde O, 100-11,500 S000 13LL 359x/pk. | this tube readmg by the number of expased hours.
Cazrboa Moooxsde Co 8-1000 L] 1ILA 3595pk. | Thsn the ume-weighted average concentraboa of
Chilonne L, 0.05-16 0S 18LA 3595pk | thegas. from 15 minutes up to 24 hours.
Hydrogen Sulfide HiS 0.25-60 10 14LL 3573k | Tubes are packed 10 10 a box. Tube bolder firmly
LP.Ges it om-08% 1000 100A 4340/pk. 1. clips to clothung or can be hung from ceiling and
Metbyl Bromde CH)Br 1-3% s 136LA 3990pk. | allows reading at 2 2lance Order holder separately
Ni Ownde a3 0.08- NO=23 mL 37 90/pk. gra

Hrogen 1 NOwYpE
Phosphuae PH, 0153 03 m BOMPE || Courvapor  Recariied Order  Pricw. Phe.
Propane CHs 0.1-2% 108 4330k 50 TR
Sulphur Dioxde SO, 0.5-60 2 15LA 3s7pk. | | Ammonss eaed 2o n”"*—
“TL Veconcentrated value for connnuous worker exposure with no il effects (8 bour ume-weighted average) Carbon MDwooomndc 0-1000 1D 38.9$Ipt.s Sipk.
a8 determuncd by the ACGIH  Amencan Cooference of Governmental Industnal Hypenst. Carboa 250 1D %
Extension Hose... take readings from a distance Formaldchyde 1-20 191D SO/pk.
when dangerous conditions are su:pe‘a{d :rmleﬂ D-’:lﬁ: “1)-?80 ;;g %mt
Thus 15-ft. extension bose connects between the SENSIDYNE pump &:bumnwnx;c 5100 1SD  3895pk
{above) and the detector tube to allo readings to be taken o a stor- £ Toluene 10-200 12D  38.95pc
age pit or tank. or through a window from the outside f dangerous TUBE HOLDER THIS 9.S0/es.

condiuons are suspected. Order No. 75422  $129 00/ca 75
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The OHAUS FAMILY OF BALANCES
CT SERIES

- MULTI-PURPOSE - PORTABLE

The Ohaus CT Senes balances are extremely versatile with a \
selectable menu for 7 standard weighing modes g, oz, Ib, dwt, oz t,
¢t and parts counting

In addition, there's a use programmable custom untt mode to accom-
modate virtually any weghing application.

Standard features include baite 'y or AC power operation (adapter
mciudad) and easy push button calibratron

An cptional RS-232 bi-directional interface 1s also availatle for

com-
\ Puter operatons j

» Capacity &Readabllity Platlform Size Price
[ 3 200gx001g 30° Diam $560.00
8 * 6009 x 019 40° Duam, 400.00

P1156351 RS-232 Interface, CT Senes $105.00
4° 109 x 0 0029 1.75° Diam $505.00 P115637W  Calibravon weight for 115637 (1000g) 43.25
7 12009 x 0 1g 475x65" 50000 P115638W  Calibraton weight for 115638 65.00
] 6000g x 1 0g 475x65" $00.00 (1 each 1000g, 20009)
ration weight included
[

2 "t N | 4 pomn e Sy -
S & g o - Aura
o6z &

PORTABLE PLUS ELECTRONIC BALANCES

These balances are consistent und accurate for all wesghing requirements up to 500
grams and a readability of 0 1 gram

Bath modals feature a large 4%.* diameter stainless steel pan, four stabihzing feet, and
the weigh below Constructed from durable impact-resistant plastic

User fnandly, uns feature tare 1o capacity, LCD display and push-button automabtic
canbration Complele with AC Adapter

Dimensions 7" x76°x23°

Cat. No. Capacity Readability Price
P116000 3009/10 0z 01g/00102 $195 00
P116009-00 5009/17 0z 019/0010z - 249 00

This is the low cost aftemative for your precision weighing applications you've been warting for This
versatile balance has a large weighing chamber and stainiess stesl platform which 2llows sizable sam-
IDARD BALANCE ple containers to fit easily - with 10om.to spare The capacities range from 62 to 202 grams with read-
abity to 0 1mg Easy two button operation - Aii models are programynable to compensats for emiron-
- mental condrons, have a menu lock-out capability to eiimnate tampenng, and are protected aganst
i spills and overloads This unit will maintain stzbikty and quick response even when drafts and vibrations
are present. Standard features four selectabt) averaging levels, stabiity indicator, auto-zero tracking,
| auto calibration, enalytical dratt shreld, sealed ront panel diecast metal case, leveling feet and bubble and

ts UL isted Comes with AC adapter 30

Mode! 115708 has a Moveabie FineRange

th warranty RS232 bidirechonal interface avallable
vihich provdes a 629 wesghing range that s ten tmes more

accurale than the coarse weighing range of 202g
Model P115706 P115707 P115708 P115709
Capacity(q): 62 122 62/202 202
Readabliity(mg): 01 01 0111 a1
Unearity(mg): 0.2 202 202 202
Tare Range. To capacity by subtracticn
Stabilization Time 4 seconds
Senautivity Orift: 2ppmv*C Zero Point Dnft 3ppm S
Plattorm Size; 3*h x 9 Diameter
Oimensions: 83"Wx145'Hx 145D
Net Weight. 15ib
Price $1,695.00 $1,895.00 $2,050.00 $2,395.00

J & H BERGE INC.

BEST AVAILABLE DOCUMENT

(908) 561-1234
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NOW with a 5 YEAR WARRANTY!!!

PRECISION |
BALANCES

mrmJ
R

dosign to delver added durabilty ovor
tew of the qualty features you'tl find

The PRECISION Standard balances wegh
directonal RS232 in
your computer system or any other penpheral

€1, oW, taels, az, L, gn, momma, 1 custom Lrut,
The PRECISION Plus modets

( Standard Model & Plus Models Each PRECISION balance s built
tme Dw-castmmmm.hmostmmessstedplaﬂmwm
i thess balances PRECISION topicaders also offer outstanding reagabxlity from large 6° LCD displays

and auto calibrabon with full capacity tare by subtracbon
terfacing with selectable baud rates s standard on most models and allows
device An AC adapter s inciuded with each mode!

With the PRECISION Lne you'll have the powe
weighing modes 15 available on the PRECISION

have four user selectable stabity
shields are also available on select unuits Al models are UL and FCC approved

\: Models No. 115710, 11571 1, 115720 and 115722 come with a draft shield.

bmmmnmammmmm@
pan supports are just a

grams only Operatng temperature for all PRECISION balances s 50 - 104°F (10 - 40°C) B:-

in
integration of the PRECISION toploaders with

r to compensate for vanous environmental condiions specific 15 your application A vanety of
Plus toploader iine, and can be activated upon demand The weaighing modes are g, ib, oz, ib,

parts counting, %
and four averaging levels along with programmable auto zero tracking Draft

J

PRECISION Standard Specifications & Ordering information:

Cat. No. P115710 ° P115711 * P115712 P115713 P115714
Capacity (g) 120 400 400/40 4000 40007400
Readability (g) 001 01 01/ 001 1 1/01
Precision/Reproducibillty (g) 001 007 007/ 001 07 07/01
Uinearity (g) 001 01 01/ 001 1 .1/01

Pan Size (in) 475 da 475da 475 dia 6 0L x 6 5W 60L x 6 5W
Price $980.00 $790.00 $1080.00 $980.00 $1100.00
PRECISION Plus Specifications & Ordering Information:

Cat. No P115720° P11572% P115722 ¢ P115723 P115724 P115725 P115726
Capacity (g) 200 400 40080 600 2000 4000 4000/800
Readability (g) 001 o1 01/ 001 01 01 1 1/01
Praclslcwneptoduclblllty {(9) 001 007 007/ 001 007 (o} 07 07/01
Linearity (g) 002 01 01/ 002 o1 02 1 1702
Pan Siza (in) 475 dia 475ca 475da. 475da 6 0L x65W 60Lx65W  60Lx65W
Price $1450.00 $1050.00 $1450.00 $1250.00 $1450.00 $1175.00 $1400.00

ALUMINUM WEIGH DISHES

L et gl S

FAX (908) 561-3002

DISPOSABLE PREMIUM QUALITY AT GENERIC PRICES
Designed for weighing, dispensing and stonng Can also be used as evaporating dishes or dust

covers No coating and free of ol Withstand temperatures to 1,250°F Smooth bottom Cnmped

sides for better ngidity Inexpensive enough for single use Finger-gnp handle large enough to
mpnnt sample numbers  Stack and nest sastly Used with some moisture balancas employing

wnfrared lamps

| Cat.No Size Top I.D Quantity Price Quantity Price
P217243 20m| 4 mm 100/pack $750 10 packs/case $60 00
j P217257 S0mi 60 mm 100/pack 900 10 packs/case  72.00
Y P217270 70mi 70 mm 100/pack 14.00 10 packs/case 112.00
. ! n) 5
BEST AVAILABLE POCUMENT
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MICRO COMBINATION pH ELECTRODE

Y Measure pH in a single drop!

. Designed to measure samplos in 96 well plates, micro centrifuge tubes or any volume down to 20
microliters
This revolutionary electrode pPlugs mto any pH meter and features a sold state sensor and a Teflon capik
lary tube making it vinually unbreakabie guaranteed for tha Iife of the probe
)
Why use glass? Since tha S&NsOr 15
; m!a!‘;y mnggiass 1 will res:st degrags-  Cat- No Description Price
' t binaing probe
, Dh:ns :mml?mn The Immarsion Depth of 1mm (pH range of 1 to 12)
mnglmprobesandmlmpfdygrve P36211760 Micro Comd pH (US ¢ld conn) $329 00
% & more stablo pH reading, and ts cony, P362117-01 Micro Comb pH (BNC conn) 329.00
patibie with afl the major brand pH
Immersion Depth of 0 1
t 1
. malers spocty n ster when orcenng ) F362117.02  Micro pH Mono Probe (US std) 24900
3 Two ranges of immersion depths are (needs reference probe)
avaiiable Also availabie s a micro P362117-03 Micro Reference with Pinjac 169 00
*| proba for oxdaton-reducton mea-
Suremaent Oxidation Measursment
All probes arc avadable with rachorme- P362117-04 Micro Redox Probe 249.00
L ter connectors
Cat. No. Well Plates Depth x Diam. Volume Growth Ares Price
P217353 96 Weil, Round Bottom w/id 10 8x5 9 mm 037mL - 142 00/50
2217354 96 Weil, Round Bottom Untreated, without id 10 8x6 9mm 037mL - 87.50/50
P217355 96 Weil.Flat Bottom w/d 10 8x6 4mm € 37mL 032em 122.50/50
N217356 96 Weil,Flat Bottom wid Bulk Pack 10 8x6 4mm 037mL 032¢m 110.00/50
P217337 96 Hait Wefr',Flat Bottom wid 11 3x4 Smm 037mL 0 16cm 132.50/50
CHECKER pH METER HAND HELD SALT ANALYZER

This pH Meter ig compact In si2e, designed for PH measurement in
spJces.

| Features a large, sasy

A BNC connector

10 read display, with a or Vanable® cali-
resolution of 01 and an bration modes
accuracy better than permit user to

02 Ithas a wde read factory cair-
of 010 14 pH wrth a brated NaC! con-
001 reaaing There are centravon or the
two versiors availabie, concentration of
for a screw cap elec- ‘salts with similar
trode, or equipped with conductivity vs %

This portable satt analyzer measures % concentration of NaCl
salt concentration,

to a maximum of 20%

Selectable *Fixed”

concentration reia- b
bonships

Chuacker s suppiied
complete and ready-to- Platnum RTD
uss with a rugged pH temperature
©poxy electrode and 2djusts readings
battenes, or without for increased
electrode The Checker accuracies
can be used with any
shape and sze pH elec-
trode best-surted for
your application [
Bange  Accumacy Resolution Temp Compensation
0-2% 03% NaCl 001 0-82°C
aL No. Descrption Price 0-20% 3% NaCl 01 0-82°C
168890 Checxer w/ a fugged epoxy body pH electrode $31 00 7 alt Analyzer $560 00
168891 Checker without an electrode 27.50 P364975 Portable S 2
163892 Replacement electrode 14 00
TAT M a ;N '
ol AVAILABLE DOCUMENT e H BERGE INC. (908) 561-1234
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PH/RH

iOITY

PORTABLE RELATIVE Hu1)4

W

METER

This heavy-duty
hygrorneter designed
for the food induslry,
provides high accuracy
under tough conditions
without nsk of damaging
arcurry Easy to oper-
ate with single OnvOff
key and large, easy-to-
reau LCD Offers a long
battery ke and a iow
volitage mndicater, which
when displayed, grves
approumately 20 more
bours of operation Eat-
tery Error Preventative
System shuts off display
when low voltage could
cause maccurate readings
Electronc circuitry nside the humidity probe guarantees an
wmmediate conversion and compensates for any temparature
offect A perforated cap allows good air arculation whike pro-
tecting the sensor

The probe has a 1 mater long (3 3 feet) cable to access those
hard-to-reach places The probe can be detached and

changed easily

>

Specifications:

Range 501095 0% RH

Resolution 0 1°%RH

Accuracy z 2% of tull scale

Cahibration 2 points, through tnmmers on RH probe

Battery (nciuged) 4 x 1 5V AAA 100 hrs of continuous use
RH Probe Diam 67 x 1" w/imm 3 3' spiral cable)

Negligible from 0 to 50° C (3210 122° F)

Temperature Effect
010 50°C (32 to 122°F), max 95%RH

Operating Conditions

Dimensions 7T7Lx31Wx22H
Cat. No Description Price
P440108 Ponable Relatve Humidity Meter  $395 00
P440108-1 Replacement RH Probe 195 00

WATER RESISTANT pH METER
for FOOD STORAGE or MANUFACTURE

A heavy-duty pH meter, designed 10 be
rugged in humid and wel environments,
8 eastly operated by pressing ON/OFF
button to read pH valne Two innovatve
features include user selectable 1 or 2
point calibration tnmmers which are
saaled behind a protective plastc cover
to prevent any accwdental :nterference,
a~d also only one pH electrods with a
direct cable with no axtra temperature
probe or cable 1200 hours of battery | le
guarantees long, trouble-free operabion
Battery Error Preveniva System will be
activaiad (approximacely 20 hours after
the V" '3 displayed) by shutting off the
display when low voltage could resuft in
erroneous readings

The 170110-11s a Kynar® body refiltable
combination electrode that is impervious to most aggressive chemicals uniike
conventional plastic/epoxy body electrodes and comes with the meter This alec-
trode incorporates the latest siverchionde-free double-junction tachnology which
grves faster readings and above all greally reduces the chancs of sample con-
tamination by sitver 120mmL x 12mmD

The 170110-2 13 a glass body refilable combination electrode and may be pur-
chased separatety Thus cosl-etfective elecirode has a single junction and a
small 6mm ( 257) diamater sensor which facilitates essier cleaning and allows
measuremants in smaller sampies 70mmd x 12/6mmD

Specification.:

Range 00010 14 00 pH

Resolution 001 pH

Accuracy +0 02 pH

Calibration 2 Point, offset and slope

Temp Compen Manual frem 0 to 100°C (32 to 212°F)

through tnmmers on the casing

Battery (inciuded) 4 x 15V AAA 1200 hrs of continuous use

Operating Conditions 010 56°C (32t0 212 F)

Dimens:ons TTLx31"Wx22H
Cat No Description Price
P170110 Water Reststant pH Meter $320 00
P170110-1 Kynar® Electrode Replacement €000
P170110-2 Glass Body Electrode Optional 108 00

PICCOLO 2 & PICCOLO PLUS gy

The Piccolo 2 (365750) s a revolutionary all in one pH meter N
""g_' an -EM ::g’m:‘;';é:gggﬁ;:tm nl:: m%’gg&mmaﬁﬁ The Piccolo Plus (365751) is a hand-held stick pH mater that
o 4 9 E ncorporates a thermometer for highly accurate tamperature
to the meter, not allowing the electrode, connector, cable or meter W measurement Tho addiional capabiy of measuning and
o become susceptible to noise and unstabie readirgs dizplaying actual temperature makes it the most versatile stick pH
. meter available
Specifications Piccolo 2 Piccolo Plus The Piccolo Plus also features a replaceable electrcde tha has a
365750 365751 __ durable design to give maximum protection, and ft incorporates a

Range pH 10010 1300 1001013 00 sealed amplifier - a unique feature which makes t rnpervious to
Range Temperature - 0to70°C dirty and humid environments resulting 1n a °go anywhere”, easy
Resolution pH 001 001 10 use meter
Resolution Temperature - 01°C
Accuracy pH +0 01 20 01 Price
Accuracy Temperature - 21°C Cat No Description
Catbration Two Point through Offset and Slope Tnmmers

P365750 Pyecoio 2 $139 00
Temperature Compensation  Automatic from O o 70°C (32 10 158°F) 1 A ] for Piccolo 2 5145
Emaronment 0 10 50°C (32 10 122°F), 5% RH PAGSTS0-1  Replacemeni Electrude for Picco
Battery Type 3x 14 Volts

P365751 Piccolo Plus 155 00
Battery Lde 100 hours of continuous use P365751-1  Repiacement Electrode for Piccolo Plus 7245

FAX (908) 561-3002
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New Products
L

NEW!

Featunng one rugged elec-
trode for both pH and Tem-
perature, this meter has
automnatc temperature com-

GRINDING MILL Ideal for Agricultur
harmaceutical & Food Labo '

Perect for gnnding food fibers, mmnerals s
chemicals and more, this disc mill uses no DEEEEE

pH METER

Screens and has a detachable magnet for B
mﬁnﬁmsna:mg‘fxwm_ interceptng tramp metal Adjustabis gnna g
lure ai the touch of abutton ~ S8Mtings are easily conrolled by adyusting
are made on the display It 9ap betwesn gnnding ciscs in steps of 30
mycogn microns  Output spout for easy attach-
::ns ﬂ“ﬁfmﬁ“mmi mont of plastc bag for dustproot des-
awmm"m d'targe.lbosupplledwnhllnganon
with wnst-strap, and a 2 year maotal contamnar for coilecung ground prod-
wamanty on the meter arg 6  uct Easdy removabie toughened gnnding
month warranty on the 3-in-1 discs make thus attractive anodized alu-
pH electrode (included) minum firushed gnnding mal easy to cisan
Incorporating a built-in tem- ~ Set of 2 spare gnnding discs also avaik
perature proba able
Specifications
Range 00010 14 00pH /0010 70 0 C Cat. No. Price
Resolution 001pH/01C P428442  Gnngi
Accu ng Mill $1275.00 &
o 2001H/z05C P428442-1 Replacement Discs 60 00
Temp Comp Auto Oto $0°C (3210 122°F) (Setof 2)
Calbration  Auto w/ bufter recog (4,7, 10)
Electrode Three-n-one pH electrode
Drmarsons o REPLICA-PLATING TOOL

Dwmensions  (56"x3.27x 1 5)
) Low-cost, accurate method of ;
colony replication. Ths rephca-plating |

Cct. No. Description
d Price tool inciudes a locking nng which 1s used to
P170100 Meter $310.00 secure stenle veiveteen squares onto the
P170101 xp!acamenl 96 00 cylinder just pnor 1o repiica platng For
3-in-1 electrode Preparation of cotton velveteen squares

(approximately 6°x6* or 152mm) they are
usually stacked and autoclaved in kraft paper
or loose aluminum foil  The autoctave drying
cycle 1s useful in remowving condensed
moisture  To make colony repiicas the petn

FLOWMETER KIT

A combination of versatility and portabili-

ty. tus flowmeter kit is designed to il
your requirements for a wide vanety of
liquid or gas flowing monitonng  The ki
contains one (1) flowmeter frame, four
(4) 150mm flow tubes, three (3) vatves

dish carrying microbial colonees i nverted
and lowered onto the cloth suriace and then
ufed Subsequently, a fiesh stenle nutnent

plate is inverted and lowered onto the velveteen and then lifted This

replica-plating tool may be disinfected between uses with a bnef nnse in
70% ethanol or 0 025% Clorox bleach The aluminum nng 1s 4 (102mm)
m diameter and the PVC Cyunder s 2 15 (S5n.m) high One pack of 12
stenle velveteen squares (P373419-1) are included  Extra velveleen
Squares may also be purchased by the box, with each box containng 3

and a flowmeter stand, along with ail
necessary tools for lube and valve con-
versions Housed in a rugged
polypropylene, moided camying casa, -

) e kit allows measuremant ranges from  pags of 12 squares
B 4cc/min to 45Umn (arr) and 0 C1ce/min
~ 10 1300cc/min (water)  All kits are sup- Cat. No Description Price
plied with a wide vanely of calibrabon
curves for both air and water Paraa19 Repiica-Plaling Tool $50 30/ea
P373419-1 Velveteen Squares 54.90/36
Specifications
“ey,  REPLICA PLATING GRID NEW
Operating Pressure Max 250 psig Flat, white polystyrene plate 13 x 15°
Temperature Max 250°F It has § wells of the exact size to hoid a petn
Accuracy 22% full scale dish Two wells are pnnted with a 24 squdre
Repeatabiity 20 25% of scalg reading numbered gnd and two are panted with a 50 §
Flow Range Approx 10% to 100% of full scale reading square numbered gnd The gnd pattemns aid
Scale 0 to 150mm M precisa location  The center well 1s blank

Calbraton Curves Required to determine flow rate of media and holds the master dish
Samples from the center of each colony in
the master are removed with a stenle tooth-

pick and placed in one of the gnd-oriented

Wetted Material  Seals Flowmeter/

t. No I t i
Ca Flowmeter &Valves 4 Valves Price dishes A new sterile toothpck s used for
. each transfer The postion of the relocated
P3ss7s0 Brass Buna-N $440 00 sample 1s easy to identify with ds former location in the master plate
P217322 $1995
*AX (908) 561-3002 53

BEST AVAILABLE DOCUMENT e



Refractometers/Sofety

REFRACTOMETERS ‘

simple-to-use instru

Readings are taken

N
e B

Types

Alago hand refractometers, from the world's lea

tons included delemuning sugar concontration

tation of fruts, juices, concentrates, wines,
N10 and N20 are usod for measunng concerira
aqueous solutions such as cuting oils and |

ding manufacturer, are handy,

n concentrations Typical applica-
of food products and cosmetics
ly seconds Each refractometer

ments for measunng solutio

easily and accurately in on

h a camying case

ng the sugar concen-
p and colas Type
ton of low density

N1, N2, N3 2rd N4 are used for meas

omato juice

-
Tho ATC-1 Automatic Temperature Compensating Type has a bult n System to elitunate the problemn of making temperature compensations
The Type 500 1s a high contrast refractomater that parmits a wide range of measurement, 0-90 Brx N-5000 and N-3000 maasure the refractve
ndsx of vegetabies ol and patroleum,

HAN D P ROTOMETER Cat. No Type Usa Range Price
mms"“e oreto providas thros functons for e P38400000 N1 Sugar Content Bax0-32%  $213.65
refracie ey, o role ,k”&ﬂm"m’ P384000-01 N2 Sugar Content Bx 28-62% 22235

) ' P384000-02 N3 Sugar Content Bnx 58-90% 239 80
2peciflcations; 3 Rangas P384000-03 N4 Sugar Content Bnx 45-82% 239 80
Serum Protain  Unne Specric Gravty  Refractive P384000-04 N10 Low Densty Onl, Juice Bnx 0-10% 257 25
o1 oomi 1 1 1

2N 000-1 050 3331 360 P384000-06 ATC-1 Automatc Temp Comp Bnx 0-32% 27250
Cat MNo. Description Price  P384000-07 500 Wide range-hsgh contrast Bnx 0-90% 762.00
P384000-20 N-3000  Refractive index 1435-1 520 319,35

P384000-25 Refractometer Cliucal $25942 P384600-21 N-5000  Refractive Index 1333-1 520 762,00

HAND HELD SALINITY REFRACTOMETER

Dstermunes the concentration of dissolved
Compensation allow changing work environraents without re-cahbrating

saltin water Applications include Aquaculture,

fish processing, Fish & Wildide Research Auto temp

Specifications: Cat. No Descriptions/Uses Price
Accuracy 1°/PP 0 001
Salintty Range  0- 100°PPT 1 000- 1070 2384010 Cuick checks of density or $352 00
Min. Division: 1°/PPT 0 001 salinity with Automatic Temp Comp

SKIN GUARD

LAB-AIRE DUST-FREE DRYERS

Dry laboratory glassware
rapidly and safely with this
bench or wall-mounted stor-
age unit.

It provides continuous wam air
arculation through 44 hollow
nylon drying pegs Three sizes
of pegs accept glassware with
large or small bores Dned lab-
ware s not too hot to handle A
potyurethane foam filter keeps
arr dust-free Unit can be hung
on wall

A stepless, highflow heat control
(tme proportional) ranges from
ambient to 203°F and has an
automatic thermostanc safety
contrad cut-uff 6ft 3-wire cord
has groundad plug 60/60 Hz,

PROTECTION FOAM
NEW!!! {]

*No residues.... .
no change in tactility

*Four hour protection
per application

Guards the slun from the damaging effects
of harmful or imtating substances in the
lab Skinguard's ingredients combine to
foma totally unique protection barner

The bamer ts actually formed witrun the
outer layer of your skin and prevants
absorption of both oil- and water-based
products as well as micro-particulates

500 walts 12'/"x7"x24 high Withstands multiple washings
Shipwt 19 1ts
No. of Price
Cat. No Description Price Cat No Description Applications Per Can
P223210 115vac $595.23 P202439 1702 (50mi) 75 $16 95
P223210F Replacement Filter 2043 P202431 3 40z (100mI) 150 28.95
67

FAX (908) 561-3002
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UNIQUE NON-GLA
H SYSTEM §s by UNIFET

13 handheld microprocessor-based meter has a nearty indestructible sold state pH sensor
g advanced 1on sensitive field eHact transistor (ISFET) technology

t Microprocessor bosed PH System includes a 3-n-1 probe with a solid state ISFET pH san-
AC adapter, buffar botties and rugged

9 voit battery or the Included AC adaptor, this protected

Tha probes are a solid state wn sansr
and temperature sensor

P168258 Microprocessor based PH System Complete $595.00
P168260 RambowBuﬂoriGt.pH4o1.70. 100 1595
d state pH probes are a pat

ented deslign to meet your appllcation demands.
8 the proba that best fits your needs

Range:
Resolution:

Temp Compen..
Dimension:

163259 Replacement Probe $179.00
M168259€ Environmental Probe, Supenor chemical resistance 249.00
168259M Micro Probe For extremely small sample sizes 259.00

0to 14 pH 0to £1999 mv
0to 100°C

001&401pH 10&01mV
01°C
Automatic
6% x3"x 1°

IECK-IN pH METER wu STABILITY INDICATOR
Ideal for the Food Industry

N to the pH value, an invaiuabl
1S232C compatible

1 electrodes come with a unversal BNC connector and camy a full 6
wamanty The calibration is sim

y-Step instructions to guide the operator throy

t also automaucally recognizes pH 4, 7 and 10 buffers Calibration data
ned even when the mstrumsnt 15 Switched off The unit comes with §
standard paper, a power cord and dust cover

38 17012115 a glass body, double Junction, Viscolena, combination
trode Conic-shaped tip Ideal for takuing repeated and accurate mea-
nts at short intervals Dimensions 4 7L° x 5D 12 mm diameter

le 170122 15 a glass body, refillablg combination pH elecirode with
Iramic junctions to inhibit clogging The tip 1s Sphere

-shaped for a
area of contact Dimensions 4 70" x 50 6mm diameter
Power; 110V, 50/60 Hz
cations: Battery (back-up) A 9V battery for up to 1 year back-up power
pPH  000to 14 00 pH Printer: Dot-matnx prnter with 44mm standard paper
°‘C -10010 +1250°C Dimensions 9L x65Wx3'H
lon: pPH  001pH Weight: 291bs
°C 01C
y: PH 2001 pH Cat. No, Description Price
°‘C 20 5C
on: Automatic recognition at pH 4.7.410| P170120 Check-in pH Meter only $835 00
ture Compensation:  Manual from 0 to 100°C P170121 Glass Body, Double Junction Electrode 130 00
Automatic from -10 to +125°C P170122 Glass Body Refillable Combination E'ectrode 130.00
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COLE-PARMER-®
INSTRUMENT COMPANY

7425 NORTI—LOAK‘PARK; AVENUE
NILES, !LLINOIS 60714 U.S.A.

—

~

\CALL TOLL-FREE:

(800) 323-4340 - G

In the 708 and*312-area codes

DIAL: (708) 647-7600 \ :

FAX: (708) 64729660 ~—
TELEX:28-94057 . . ~—— .

CABLE: “COLE PARM ER” - Order d'u.rectly from Cole—Parr;;ar or from our authoriz<
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A LOW-COST, PORTABLE, FORCED-AIR PALLET COOLING SYSTEM

M. D. Boyette,

MEMBER
ASAE

R. P Rolubach
FeLLow
ASAE

ABSTRACT. Many rypes of produce require thorough cooling immediately after harvest to mininuze quality losses. In
many insiances this is accomplished by forced-air cooling in a refrigerated room. This srudy was conducted to determine
the applicabuility of residennal air-condinoning equipment coupled 10 an insulated reusable container as a low-cost
alternative to rradinoncl room, forced-air cooling. A poriable, forced-air precooler for single pallet loads of fresh fruus
end vegetables was designed, constructed, and tested. The system unlized an inexpensive reusable cooling and shipping
contawner coupled, during cooling, 10 a modified 1038 kW (2.95 t) mobile home air-condinomng unit. Tests with various
small fruir indicated acceptable cooling rates. At the complenon of cocling, the insulated container provided several
kours of protection for storage or fransport. Keywords. Postharvest, Cooling, Rejngeranon, Portable.

f-orth Carolina has one of the most diversified
agnicultures of any state in the eastern United
States. Although best known for tobacco, sweet
\ potatoes, and poultry, North Carolina is also ar
leading producer of apples. cucumbers, strawbemes, and
‘Muscadine’ grapes However, in recent years, there has
been growing interest in the commercial production of
high-value specialty fruit such as strawberries,
blackberries. raspbermnes. and blucbernes Mucn of the
small fruit grown 1n North Carolina 1s presently being
marketed through pick-your-own establishments or
roadside stands These commodities are extremely
perishable and ordinarilv would require immediate
postharvest cooling to prevent degradaton were 1t not for
the relauvely short uime benween harvest and consumption
A growing demand and expanded markets for these
:ommodit:s from grocery stores and restaurants 1n
iddition to a diversifying agncultural base (Agncuitural
staustics Division, NCDA, 1990) has prompted many
irowers to consider expanding their proauction to
ccommodate these opportunities. Expansion into the

ommerctal market usually requires a considerable -

Avestment in postharvest cooling and handling facilities
nd possibly refngerated transport. Presently, only a few
rowers have the fruit volumes and financial resources
*quiced (o invest in these speciahized cooling and handling
iciliies. The nsks associated with a new venture and the
onsiderable cost involved prevent many growers from
kking full advantage of this opportumity 1n commercial
nall frut producuon.

Arucle was submutted for pubiication in June 1992, reviewzd and
proved for publicauon by the Food and Process Engineenng Insc. of
3AE 1n November 1992 Presented as ASAE Paper No $9-1652

Paoer No. BAE 90-04 of the Journal Senes of the Dept of Binlogical
d Agncuitural Engineenng, North Carolina Sute Univeruity, Raleigh
€ use of made names throughout this article does not constitute an
dorsement by North Carolina Sate University or the suthors

The authors are Michael D. Bovette, Assistasn Protessor, and Roger

Robrcbach, Protessor, Dept of Biological and Agricultural
sineening Nerth Carouna State Umiversity Ralergn
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© 1993 Amencan Societv of Agricultural Engineers 088185427 93/ 0901 0097

Small fruit such as brambles, strawberries, and
bluebernes are extremely penshable at room temperature
and require immediate cooling atter harvest to prevent a
rapid decline 1n quality (Kader et al, 1985, Hardenburg
et al.. 1986). Because of the possibility of adverse effects
associated with wetting, the preferred and most commonly
utihized cooling method for small fruit 1s forced-air
cooling As commonly emploved. forced air cooling
uniizes a retngerated room equipped with tans designed to
pull large volumes ot cold air through palleuzed pachages
ot produce The close contact benveen the moving cold air
and the warm truit ettects rapid heat trapster (Parsons.
1972) Large and sophisticated versions of forced-air
cooiing are unhized extensively 1n commercial cooling
operatons throughout the world (Mitchell et al , 1972,
Freeman, 1984, Morey, 1988). Although favored by
economies of scale, Kasmire and Thompson (1988)
esumate that the capital cost of these facilities often
exceeds S1 65/cooled kg/day (S0.75/cooled 1b/dav) In
addiuon. they esnmate the gross cooling efficiency of sucn
facilines mav be less than 50%

Although instances where a grower receives a price
premium for cooled produce 1s not unusual, often the
benefits of cooling are more indirect. These indirect
benefits may include better appearance. a much longer
shelf hife, and the pnde that comes from marketung a high-
quality product. However, the most important indirect
benefit 1s the markeung advantage cooled produce has over
non-cooled. In a buyer's market, with other factors being
equal. cooled produce will always sell before uncooled
produce because buyers associate cooling with quality.
North Carolina growers, attempung to compete with
refngerated prodce from out of state, have httle choice but
to cool.

PRIOR STUDIES

Small portable cooling units designed to “plug-in" to
small insulated shipping containers have been uulized by
the world’s airlines and oceanfreight carmers on a hmited
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basis for more than 20 vears (\M.tchell. 1989. personal
comrmunication) These units typically have been yulized
for in-transit maintenance cooling of precooled highly
penshable produce or dunng extended stopovers or delays
These units are not designed for, nor intended to assume,
the entire postharvest cooling load
A small ipsulated cooling and shipping container has
deen patented and tested in Georgia on a vanety of crops
‘Magee, 1989). The container is cooled by a thin block of
e contained in the id. As the ice melts, the chilled water
Inps on and cools the produce below. n North Carolina.
nvestigations of low-cost. portable cooling alternatives for
mall fruit have been underway for severa| years. Rohrbach
it al. (1984) successfully designed and tested 2 pallet sized
orced-air cooling chamber uth2ing hquid CO;4 for grapes
nd blueberries. Beasley (1982) designed and tested
small evaporatuve cooler/forced-air ccoling fan
embination to be used at roadside markets.

'BJECTIVES

The objectives of the Itvesugation described in this

ticle were to

* Design a forced-air cooling system to rapidly and
uniformly cool single-pallet loads of up to 400 kg
(880 Ib) of prepackaged small frus.

* Determine the apphicabihity of a residennal air-
conditioning unit to serve as both the source of
cooling and air-handling,

* Design a low-cost, reusable, insulated pallet-sized
container for cooling, storage, and transportation of
packaged produce

* Evaluate the system's overall cooling effectiveness
under varying field conditions.

WUIPMENT
OLING CONTAINER
lhe cooling container shown in figure 1 consists of a
bottom. and four side panels of 51 mm (2 in) thick
its of Dow extruded polystyrene insulauon commorly
rred to as blueboard This insulation matenal, normally
>hied 1n full-sized panels measuring 122 x 244 cm
t x 8 fr), 1s sate for use as food packaging, reasonably
ble, and has an-advertised thermal resistivity ot
57 m2 K/W ¢m (5 fi2 F/1n.). One sheet of 6.4 mm
n.) CDX grade plywood was bonded to the insvlation
nal for added ngidity and protecuon from mechanical
1age. The adhesive selected was “Elmer’s Gluall”, a
te glue compatible with both the wood and the
'styrene insulation matenal. Before the plywood was
ted, the glue was evenly spread on the 1nsulation board
layer approximately 1 mm (0.04 1n.) thick. As each
posite panel was completed, 1t was stacked one upon
dther on the floor Five full-sized panels are required
‘ach container (four for the sides and one for the top
yortom).
-commercial markets. small fruit such as strawbernes,
tbles, and blueberries are normally packed and
eted to the consumer 1n half-pnt, pint, or quant pulp or
€ containers. These containers may or may not have a
phane or mesh cover Twelve half-pint or pint
INErs are aggregated into a corrugated fiber board
.r. Eight one-quart containers f1ll a quart master

BEST AVAIL
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Figure 1-Cooling container.

These masters are in turn stacked six to a layeron a
shipping pallet in lots of up to 144, 96, or 60 1n the case ot
half-pint. pints. and quarts. (238 cm3, 475 ¢cm3, and
950 cm3), respectively Although desirable, 1t s not
necessary that the cooling container be completelv full
Figure 2 shows an acceprable fill ot 84 rwelve pint masters,

Half-pint and pint masters have a width of
approximately 34 cm (13-3/8 i1n ) and a length of
approuimately 51 ¢m (20 1n) such that when arranged 1n
two rows of three each they form a square of
approximately 102 cm (40 1n) on a side The maximum
outside dimensions ot the cooling container were hmited to
122 cm (48 1n.) to allow :t to fit convemently between the
wheel wells of a full-size pickup truck Because of this
limtanon, the inlet and outlet plena were limited 1n depth
to_approximately 425 cm (1.67 1n ), which scemed less
than optimum but nevertheless proved sausfactory. Cold
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Figure 2-Drawing of cooling container with top and side removed for
clacuty
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"a.rinlet and outlet holes. 30 S cm (12 1n ) in diameter, were
cut in the center of opposing sides adjacent to the two
pizna, as shown n figure 2.

The height of a pint master 1s approximately 102 cm
(4 1n.). A pallet load of 96 masters, 6 to the layer, forms a
stack approximately 162 5 cm (64 1n ) high The top of the
cooling container, shown in figure 3, 15 designed to move
verucally to accorunodate vanous stack heights, allowing
a ughter fit over the stack as shown and thus elimiating
air short-circunts over the top of the stack of masters.

The sides of the cooling container are fastened by 2 pair
of loose-pin strap hinges on each corner Eyebolts are
subsututed for the hinge pins to facihitate assembly. An
adhesive-backed foam stnp approximately 2 cm (3/4 1n.)
wide x 1 cm (3/8 1n.) thick 1s used as a gasket to seal all
Joints between the sides, top, and bottom. The outside
plywood surface 1s painted with two coats of outside gloss
enamel for protection. The cost of the matenals to
construct each container 1s approximately $115 (1992) and
requires approximately two man-hours to construct.

REFRICERATION UnIT

In many cases, even relanvely low-capacity commercial
refrigeration units are sold, not as a complete unit, but 1n
component fashion. The selection of compressors,
condenser coils, evaporator coils, and piping 1s customized
for each application; therefore, the refrigeration engineer of
contractor can select those components best suited for a
particular applicanion. The custom selection requires
technical competence and conmbutes a sigmficant amount
to the overall cost of a system. The addiion of forced-air
capability to such a facility hkewise requires custom
engineenng in the selection and application of fans and
controls.

On the other hand. residental air-coaditioning
components are generally factory matched As far as
possible, major components are pre-assembled requinng
much less labor at the jobsite Residental window units
and awr-conditioning systems for mobile homes are even
more unitized and standardized, thus requinng hitele, or no
Jobsite assemblv

Grower awempts to utilize residential air-condinomng
systems for produce refrigeration usually fail Most

Figure 3-Futting the top wn piace
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residential air-conditioning svstems are designed to ccol air
to 18 t0 22° C (64 4 10 7i 5° F) and. theretore. normalls
have evaporator coil temperatures at 6 to 10° C (42 8 to
50 0° F) which 1s too warm to effect much useful produce
cooling Fortunately, there are some residential air-
conditioning units available with evaporator coil operating
temperatures cold enough to provide excellent produce
refngeration One such unit and the one selected for this
investigation was a Comfort-Aire model MC37-1H
manufactured by Heat Controller, Inc., of Jackson,
Michigan This mode! has a design cooling capacity
(manufacturer’s raung) of 10366 kW. (295 t) at 2 35° C
(95° F) condenser coil ambrent air temperature.

Cooling coils are quite often operated at temperatures
below the dew point of the air passing through them. When
this occurs, condensation collects on the coils and the air 1s
dehydrated. The amount of water removed from the air ts
directly related to the size of the coils and the humidity of
the air, and indirectly related to the temperature of the
coils. That 1s, the larger and cooler the coils and the higher
the humidity of the air, the more water will be removed
Fresh produce exposed to very dry air can suffer dectine in
weight and quality even if the air 1s properly cooled
Therefore, supplemental humidification 1s often
recommended for commercial forced-air cooling facilities

The minimum temperature te which a retrigeration
system may cool 1s the operating evaporator cotl
temperarure. Data supplied by the manufacturer of the unit
selected indicated a mimmum temperature of near -10° C
(14° F). Subsequent tests conducted without a cooling load
and with the insulated ducts configured tnto a closed loop
revealed a mimmum evaporator cotl temperature ot —13° C
(8 6° F) and a mimimum air temperature ot -9° C (15 8° F)
The power requirement 1s approxitmately 27 amps at
130 VAC, single phase Integral to the unit 1s an air-
handling fan with air flow data shown 1n table | below

The complete cooling system weighs approximately
90 kg (200 Ibs) and was supplied trom the manufacturer
with two lengths of 305 cm (12 in ) diameter insulated
flexible duct This flexible duct was used to connect the
air-conditioning system to the cooling container Inmiually,
the onlv modificaton made to the air-conditioning svstem
was 10 mount a bulb-type thermostat into the air intake ot
the unit as an automat¢ controller. Early field tests
revealed that further modificaions were necessary These
modifications are described in a subsequent section of this
article The cost of the unit plus the thermostatic controls

was approximately $1,500 1n 1989.

PROCEDURES

Four of the five different on-farm cooling tests reported
herein were pertormed at vanous locactons 1n North

Table 1. Air flow data for Com{ort-Aire model
MC37-1H (Maoufacturer's Data)

Air Flow Suauic Pressure
m3 / min (ctm) kPa (n H.,0)
322 (114Q) 0100 (040)
J1lo  (109%) 0125 (050)
192 (1030) 0150 (060)
285 (900) 0t75 (070

/
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Carolina dunng the sprng and summer of 1989 Thre fiith
test was performed 1n the spring of 1992 after several
modifications had been made to the unit to correct
performance limitations discorered dunng the first four
tests. Fruit selected for testing included strawberries,
bluebemnes, vinifera grapes. and cherry tomatoes All frunt
cooled in the tests were 1n standard pint masters as
described above except the strawbermes which were 1n
quart masters All fruit tested were harvezted on the day of
the test. Although varying amounts of free warsr were
presemt on the fruit from dew and rain, none of the fruit
were intentionally wetted, precooled, or given other special
preparauons. Average pulp temperatures at the beginning
of the tests were general™ near or shghtly below ambient
dry bulb temperature

COOLING TESTs

One type T thermocouple was positioned 1n the inlet and
another 1n the outlet duct of the air-condioning umit. Four
additional type T thermocouples were positioned at pre-
selected locations inside the coolin} contamner.
Thermocouples T1 and T2 were pusitionad to meadure the
temperature of the air entering and exiting the cooling
container, respectively. Thermocoupies T3, T4, TS, and T6
were all located inside individual fruit which were located
at the intenor of the containers. Thermocouples T3 and T4
were positioned directly adjacent to the coohing container
inlet and outlet, respecuvely. Thermocouple TS was
positioned on the same honzontal plane as T3 and T4 but
1N a container to one side approximately S cm (2 in ) from
the intenor wall. Thermocouple T6 was positioned 1n the
center of the first layer of masters from the bottom.

In additon. several custorn-made, long-stem pulp
thermiometers were inserted near vanous thermocouples as
checks. The digital temperature display modules for these
thermometers were obtained from PSG Industries ot
Perkasie, Pennsyivama The lemperature 1s measured by a
resistance temperature detector (RTD) attacned to the
module by a vanable-length wire lead The RTD and the
wire lead were enclosed within a 0.51 m (20 1n ) length ‘of
032 cm (1/8 1n.) diameter aluminum rubing filled with
magnesium oxide paste to aid conductivity

Measurements taken of pulp temperature just after
filling the cooling container but prior to imtiation of
cooling often revealed differences between individual
seasors of as much as 5° C (9° F) This difference resulted
from the individual fruit's relanve opportunity to dissipate
field and respirauon heat after harvest. If dispanties of
more than 3 or 4° C (37 4 or 39 2° F) were observed, the
tlosed container was allowed to remain undisturbed for as
long as 20 min 1n order to promote more temperature
iiformity The temperature at each thermocouple was
ecorded at the imniation of each test and in at least 10-mun
ntervals as long as the system was operating Addiannally,
+ water-filled U-tube manometer was connected between
he wnlet and outlet ducts to measure pressure drop of the
ir flow through th= cooling container. The measurement
f air resistance through the load was necessary to confirm
1e fan was operaung within specificanons Figure 4 shows

cooling test in progress

Figure +-Cooling test in progress.

STORAGE AND WARM-UP

In addition to .= cooling tests descnibed above, tests
were conducted with grapes and strawbemes to determine
the ability of the cooling coatainer to hold the precooled
fruit at acceptable temperatures for short penods without
acuve cooling. At the end of the cooling test, the air-
¢onditioning system was shut down, the insuiated ducts
were disconnected, and the openings to the container were
scaled as shown in figurc 5 The temperature at each ot the
tour thermocouples measunng fruit pulp temperaure was
penodically recorded over the next several hours.

REsuLTS AND DISCUSSION
The 1deal shipping temperature for strawbemes, grapes.
and bluebermes 1s near 0° C (32° F). however, the acmal
freezing of some fruit in the process of cooling 1s
undesirable and must be avoided. During the cooling
process, the coolest fruit in the container was adjacent to
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Figure 3-Sealed cooling coalainer during warm-up Llest
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the air tnlet in the area of thermocouple T3 As the tests
progressed. the temperature at T3 was close.v rionitored
Were 1t not for the premature termination of tests 1, 2,
and 4 due to evaporator coil icing, testing wouid have
continued unul T3 approached freezing

Dunng some of the first tests (in 1989 and 1990), there
was an attempt to obtain air-velocity data. Accurate
measurements inside the container were found very
difficult to obtain under field conditions and efforts were
subsequently abandoned. We aave, however, taken
numerous air-velocity measurements of forced-air cooling
of similarly packaged strawbernes and bluebemes inside a
refngerated room. In such sivations, considerable vanation
in the air velocity was found from one place to another
acvoss the face of the stack. Air velociues from below 1S m
(30 ft) to above 100 m (328 ft) per minute across the same
pallet at the same ume have been measured. Yet, even with
these great difference in air velocity, the drop In
temperature was reasonably umiform,

This suggests that above some velocity [possibly 20 to
30 m (65.6 1o 98.4 ft) per minute, initally], the convectve
heat transfer from the packages 1s not the limiung factor.
Apparently, the factor imiang heat transfer at higher air
velociues is conduction inside the fruit and between
adjacent fruit in a package. The best measure of heat
iransfer by all means, of course, 1s temperature change.
Moreover, inside the cooling container, temperature 1s
nuch easier to measure than air velocity

Indirect measurements of air volume flow rate,
owever, were obtained by the use of inclined manometer

adings across the container applied to the air-conditioner
an table. These measurements were obtained primanlv to
etermine 1f the resistance through the cooling container
as such to allow sufficient air flow tor erficient heat
fer
Before the commencement of the tetts, 1t was assumed
ac the relanvely narrow piena (4 25 cm (167 1n)} would
astnct flow and lead to uneven distnbution of air and
idely varying cooling rates throughout the container
owever, temperawre data from thermocoupie T6 located
ar the bottom of the cooiing container indicated that the
ucuon was not significant The temperarures recorded at
were nocmaily no more than 3 to 4° C (54 to 7 2° F)
er than those recorded at T2 located at the contaner
et. The use of small arr-diffusion vanes posinoned 1n the
et side of the container assisted 1n ameliorating the
bblem by aiding the lateral distmbution of the air along
inlet plenum.
The relatively large capacity of the refngeranon system
compared with the required cooling load resulted 1n
id 1minal cooling of fruit. The temperacure differential
Wween the inlet and outlet at the beginning of the tests
pn exceeded 7° C (12.6° F). As the tests proceeded.
ever, the differenual between the .nlet and outlet air
peratures decreased. These condinons also conmbuted
e the accumulauon of condensanon and eventually ice
the evaporator coils Once disconnected from the
ainer, the coil icing could be observed directly The
ee to which ice accumulated appeared to be related
anly to the amount ot free water on the truit and the
aon of the test. Coil icing was indurectly observed to
T to varyving degrees dunng all the first four tests The

b( 1Y JaNuary 1903

exaporator coil remained clear of ice throughout the fifth
test aftzr modificatons vers made to ehiminate the
problem

Although the accumulation of ice on the evaporator
cotls could not be observed directly while the system was
tn operation, its effects could be detected 1n two ways
First, the accumulatioh ot ice increased the air resistance
through the cooling coils and thus reduced the air flow
through the system This resulted 1n a gradual and
noticeable reduction 1n pressure drop through the cooling
contarner. Second, the accumulation of ice acted as
insulation on the coils thereby greatly reducing heat
exchange capacity. As a result, the air exiung the cooling
container dunng the last portion of the test with the grapes
experienced a shight nse 1n temperature rather than
continuing to decline. To one degree or another, this
condition prompted the premarure termination of cooling
Tests 1, 2, and 4.

There was no attempt 10 take weight data from any of
the tests. The accumulatcn of i1cc on the cooling cotls
presumably came from water evaporated rom the truit and
suggests that there was undoubtedly some waight loss by
the end of the tests. The evaporation of hquid water from
the surtace of the fruit dunng cooling 1s beneficial 1n that
wet fruit 1s more suscepuble to disease. The evaporation of
wzter from inside the fruit 1s not desirable. It would have
been difficult, however, to determine how much of the loss
was due to the loss of surface water and how much was lost
from the intenor of the fruit

There was liquid water present on some of the fruit from
dew or hight rain This was parucularly true ot the
swawbermnes in Tests 4 and 5 Of the several types ot small
fruit tested. strawberries are the most suscepuble to
moisture loss. presumably because ot their thin shins.
Strawbernes held for extended periods \n retrigerated
storage without supplemental hurmidification occasionally
display skin darkening and shriveling 1ndicative of
dehydrauon At the conclusion ot all the tests there was no
indication of dehydration The strawbemes, 1n parucular,
were examined for indicauons of darkening, no darkening
was found

Test 3. conducted with cherry tomatoes. had a target
cooling temperature of 10° C (50° F) which was apparently
too warm for sigmificant ice accumulation. At the end ot
the 75-mun test, the temperature of the air leaving the
refrigeration system was sull above freezing at 2° C
(36 F). This suggests that the coil temperature was too
warm to allow significant ice accumulation. There were no
visible signs of fruit dehydraton, although undoubtedly,
some of the ice accumulated on the coil came from water
evaporated from within the (ruit. It was assumed that most
of the ice came from free water evaporated from the
surface of the truit

Test 5. with sqawbemnes, was conducied two vears after
the first four tests and after modifications had been made to
the refngeration umit to elimtnate evaporator coil 1cing
These modificanons were essennally the addinon of a pair
of vaniable umer relays (W W Grainger part number
6X6Q1C) to control the refngeration compressor motor A
schemauic drawing of this circurt modification 1s shown in
figure 6
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Figure 6-Schematic drawing of modified eiectrical control system.

The power control wiring arrangement allowed the
compressor to cycle on and otf at a predetermined rate. yet
allow~d the evaporator coil fan to operate continually
Typical relay settngs allowed the compressor 10 operate at
a 75% duty cycle. on six munutes and otf two minutes. Any
evaporator coil icing that occurred during the ume the
compressor was operating was melted by the relanve warm
air from the cooling container dunng the compressor off
ume. No indications of evaporator coil 1cinz was observed
dunng the fifth test as had been observed in the first four
tests. The cycling of the compressor in the fifth test
apparently eliminated the evaporator coil icing problem

TEST 1 — BLUEBERRIES

Test 1 was conducted with 395 kg (870 Ibs) of fresh
highbush blucbemes packaged in 72 twelve-pint masters
arranged 1n 12 layers of 6 masters each. Each pint
container was covered with a cellophane wrapper heid in
place wath a rubberband. This cover undoubtedly reduced
the cooling rate, however, no tests were done with
sncovered containers for companson The average ambient
lemperature dunng the test was 26 7° C (80° F).

The pressure drop at the beginning of the test was
ipproximately 0.012 kPa (0.47 . v.ater) but had fallen to
).009 kPa (0 38 in. water) by the time the test was
erminated ac 65 min. The test was terminated due to a very
low rate of cooling which rapidly developed
ipproximately one-half hours 1nto the test. Examination of
he evaporator coil at the end ot.the test revealed iarge
ccumulanons of ice resoicting air movement.

"EST 2 — GRAPES

Test 2 was conducted with approximately 350 kg
770 Ibs) of rain wented vinifera grapes packaged for the
:st 1n 66 twelve-pint masters without the pint containers
'he masters were arranged 1n 11 lavers of 6 masters each
‘here was no covering over individual masters The
ressure drop across the contairer at the beginning of the

T AYMLABLE DOCUMENT

cooling test was approumately 0012 kPa (0 S in. water).
When the test was terminated after 110 minutes, the
pressure drop was down to 0 007 kPa (0 27 in. water)
Examination of the evaporator coil revealed severe ice
accumulanon. The average ambient temperature dunng the
test was approximately 22.7° C (73° F).

At the end of cooling, the cooling container was sealed
and allowed to warm. In 4 75 h, the average temperature of
the fruit increased from 5.C° Cto 11.1* C (41° Fto0 52° F)
or an average of approximately 1.3* C (2.3° F)/h.

|
TesT 3 - TOMATOES

Test 3 was conducted with approximately 315 kg
(693 1bs) of cherry tomatoes packaged in 60 twelve-pint
masters without the use of pint containers. The masters
were arranged 1n 10 layers of 6 each. No pressure drop
measurements were made dunng the test. The test was
successfully completed after 75 min of cooling when the
target temperature of 10° C (50* F) was reached.
Examination of the evaporator coil at the end of the test
revealed only shight ice accumulation. The average ambient
temperature dunng the test was 22.8° C (73° F).

TEST 4 - STRAVWBERRIES

Test 4 was conducted with approximately 205 kg

(450 lbs) of strawberries packaged in 36 eight-quart

‘masters 1n open-top quart containers. The masters were

arranged in six layers of six masters each. The pressure
drop at the beginning of the test was approximately
0 010 kPa (0 38 in. water) decreasing to 0 0074 kPa
(0 30 in water) at the end ot the test The test continued
for 70 min, but was terminated when the temperature at T1,
the air inlet, approached freezing Examination of the
evaporator coil at the end of the test revealed an
accumulation of ce The average ambient temperature
dunng the test was 31 [° C (38° F)

A" the end of the cooling test, the air-conditioning unit
was disconnected The cooling container was sealed and
allowed to warm. In four hours, the average temperature ¢“
the fruit increased from 6.6° Cto 12.8° C (44° F10 55° F)

TEST 5 — STRAWBERRIES
Test 5 was conducted with approximately 174 5 kg
" (384 1bs) of strawberries packaged 1n 24 eight-quart
masters 1n open-top quart containers. The masters were
arranged 1n six layers of four masters each. The pressure
drop at the beginning of the test was approximately
0 010 kPa (0 38 in. water) which remained constant for the
duration of the test. The cooling test conurued for 109 min,
but was terminated when the temperature at T1, the air
inlet, approached freezing The average pulp temperature at
the end of cooling was approximately 2.2° C (36° F).
Examination of the evaporator coil at the end of the test
revealed no accumulation of ice. The average ambient
temperature dunng the test was 20° C (68° F)

At the end of the cooling test, the air-conditioning unit
was disconnected from the cooling container. The cooling
container w~s then sealed and placed on a small flatbed
trailer for tra 'sport to market approximately 101 km
(65 mules) awa+ The total ume from the end of cooling
until the contatner was opened at the market was

spprep EvriTEar € N ACRICLTURE

/¥



Test Number 5 - Strawberries

Cooung Aur 3nd Fruit Temoeracure
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kigure 7-Temperature of cooling air and average pulp temperature
during cooling and warm-up.

10 min. The pulp temperature of the
strawbernes continued 10 be monitored dunng this tme
When the container was opened. the average pulp
temperature was approximately 7 8° C (46° F). The
average ambient temperature dunng transport and holding
at market prior to opening was approximately 25.6° C
(78° F). Frun quality was judged to be excellent. The
average pulp temperature over the test 15 shown n figure 7

approximately 3 h,

TESTS SUMMARY

The results ot the cooling tests are reported in table 2
and the results ot the Storage and warm-up tests are
reported in table 3. It should be pointed out that each ot
these tests 1s different, having different amounts ot
produce, different ambient temperatures, and different
types of containers

The lumped parameter analysis of heat transfer 1s a
useful method for cornpanng heat transter rates of vanous
Systems where little intemal lemperature vanation exists
This type ot analysis 1s most often applied to solids with
high thermal diffusivity However, gt may also be applied
to specific examples ot forced convecuon through porous
media where smalil internaj l€mperature vanauons may be
shown to exist. From the first order differenual equanon of -
heat transfer, the temperature of the lumped parameter as a
funcoon of ume s given as

Table ¥ Summary of storage and w3rme-up tests

Tt lnwal Finaj Curaion  A~pient
No Fruu Temp (*C) Temp (°C)  Minutes Temp
1 grapes 50 AN 235 3*C
4 strawberries 66 i28 230 Nne6*C
3 Srawbemes 22 78 191 6S5°C
where
t = ume (min)
Ty = pulp temperature at ume, 1(*C)

Te = ending pulp temperature (°C)
To = pulp temperature at t = 0 (*C)
T = ume constant (m:n)
It may be shown that when ¢ = T, the system has cooled
63.2% t of the difference between the beginning ang
ending values. The value of the tme constant 15 a measure
of the rate of heat transfer. A small time constant indicates
a system with more rapid heat transfer. Any factor
affecang the rate of heat transfer can nfluence the value of
the ume constant. Therefore, the heat transfer rates of
various cooling contigurations may be contrasted by
companng the values ot their respective time constants

The imual cooling consututes a step 1nput of various
combinations ot thermal properties and temperature data
from each of the above tests which were used to compute
the ume constants. t. As noted above, moderate-to-severe
evaporator coil icing was expenenced 1n the first four tests
before modifications were made to eliminate the problem
In several cases towards the end of cooling, the average
temperature of the produce actually showed a shight
tncrease This was likelv due to a combination ot heat
conducted through the container and heat ot respiration
Although the test was allowed to continue tor some time
anerwards. we consider the dara recorded.nvaiid and did
not use 1t 1n our calculation of time constants The
computed values for the time constant t are shown 1n
table 4

The ume constants show considerable vanation from
test to test as would be expected Those with the smallest
values indicate the most rapid cooling Notice that Test 3
and 5 have the largest time constants and, hence the least
rapid heat transter. In the case of Test 3, this mav be
parnally explained by the fact thac the tomatoes were larger
than the other fruit and, therefore, had a smaller surface
area to volume ratio Convective heat transfer depends
significantly on surface area. Test 5 had the largest ume
constant value. The amount of fruit cooled 1n Test 5 was

T-T
Z- Lﬂ( |-t (1) considerably less than in the other tests which should have
To-T,) T reduced the load on the refngeration system and decreased
d the value of the ime constant. This effect was apparently
Then 42 - -%— otfset. however, when the compressor was cycled on and
dt otf to prevent the accumulation ot evaporator coil ice.

Table 2. Summary of cooling tesys

Test Net No. Iniual Fina Duration  Ambient

No. Fruu Weight  Masters Temp *C) Temp*C) Minutes Temp.

I bluebernes 395 kg 72 266 133 65 66°C

2 grapes 550 kg 66 211 50 10 21°C

3 romatoes 315kg 60 205 1 73 2s8°C

4 strawoermes 205 ky 36 72 66 70 ji*c

5 sirawberries 1745 24 1835 22 109 00°C
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Table 4. Computed time constants
for various cooling tests

Test Time Constant
No Fruu t{min)

| | bluebermes 28 44

2 grapes 16 42

3 tormatoes W27

4 strawbemes 2582

s strawbemes 3567

Test 5 was the only test where cycling was employed.
Possibly, the cycling had the effect of lengthening the ume
constant by approximately the otf-ime of the compressor.

CONCLUSIONS AND RECOMMENDATIONS
Based upon the data obtained from the tests descnbed
above, it appears that acceptable cooling rates may be
obtained with the use a modified residennal air condiuoner
coupled to an mnexpensive pallet-load size container. The
2ir flow resistance through the fully loaded cooling
container tested low enough to be compauble with the fan
supplied with the unit. Generally, the maximum allowable
penod for the umely removal of field heat s 2 h. Although
several tests were foreshortened due to ice accumulations
on the evaporator coil, it does appear that the heat transfer
rates as reflected in cooling times for packaged berries
were well within this acceptable limic Undoubtedly, the
cellophane covenng on the blueberry packages hampered
heat transfer; however, no comparative tests ‘vere made
without the covenng
Imuial problems with the accumulation of ice on the
evaporator coil were chiminated by the simple modification
of decoupling the operation of the fan from the
refngeration unit By the use of a set of variable umer
relays that cycle the refngeration on and off while allowing
he fan to operate continually, the heat ransferred from the
‘ruit was uulized to remove any ice accumulations Thus
esulted n an increase 1n cooling ime as reflected in an
ncreacz in the cooling ume constant for Test 5. '
The insulated cooling container appears 1o be adequate
n all respects including durability Alter having been used,
hisassembled, and transported throughout North Carolina
or more than a dozen demonstrations and tests, the
container shows litle wear. Warm-up tests with parual and
full-pallet loads indicate an average lemperature increase
of between 1 and 3° C (1.8 and 3.2° F) per hour under
varying ambient conditions. This 1s more than adequate to
allow several hours for subsequent transport to market,
Although the cost of energy i1s an important
consideration of any postharvest cooling operation, 1t was
aot the pnme consideranon of our. study. The assumption
was made that the energy requirements per pallet of cooled
produce would be less for the test system than a more
traditional forced-air cooling facility. With the same
quanatcy of insulauon, that part of the cooling load due to
imual cool-down and conduction would be less for the
container than a building. In addiuon, the service load 1s

almost entirely ehminated The service load 1s that
refrigeration used to displace the heat from lights, air
exchange, people and 1s normally 10 to 15% of the total
load.

The major expense of the test system is the refngeration
system. The insulated cooling containers are relatively
inexpenstve and a grower nay find it desirable to have
sevesal available for use. It 1s possible that several
containers may be connected to the same refrigeration
system for inttial and subsequent maintenance cooling.
SuggeStons have also been made for semi-permanent
truck- or trailer-mounted cooling contatners that could be
conveniently connected to a stationary refrigeration
system. In any case, by utihzing the insulated cooling
container as a shipping container, the need for a
refngerated tucl. is eliminated.

The labor requirements of the system versus the more
conventional forced-air cooling system is similar. Both
methods require the fruit be stacked onto pallets and either
enclosed inside the container or posiuoned for the forced-
air fans. Once this 1s done, the actual cooling 15
accomplished wath hittle or no direct supervision. Once the
fruit 1s pallenzed, it remains palleuzed unul 1t 1s delivered
to the buyers with esther method. Once 1n the hands of the
buyer, the container could be reconnected to a source of
cool air for maintenance cooling or removed from the
containers and placed into a conventonal refngerated

room.
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The humidifiers may be mounted on columns
or suspended from the ceiling in most cases
Selection of the proper type of mounting
depends on local conditions, ease of installation,
etc. Occasionally it will be necessary to mount
the humidifiers on a wall, and while this should
not be done unless it 1s necessary, the machines
will operate very satisfactorily Other types of
mounting such as mourting on floor stands may
be used in special applications.

When humidifiers can be mounted on columns

the amount of overhead piping i1s reduced to a
munimum

When the humidifiers are suspended from the
seiling, they are normally located so that the
axis of the motor shaft i1s parallei with and at
east 5 feet from the wall.

When the humidifiers are mounted on a wall,
he axis of the motor shaft should form an angle
rith the wall of 45 degrees or less When Type J'
1dividual controls are used the left or control

ide of the humidifier should be away from the
rall

The hangers should be positioned so that the
rip pans will be at least 3 feet 6 inches below SR AEAIR TR
'e ceiling beams for the Type H (4 feet for the i R R L A UL IT SRR
rpe L) or any other overhead obstruction such Type HJ Humidifier Wiin Ceiling Hanger Mcunting

i heating couls, sprinkler pipes, shafting, etc.

s will prevent deposit of spray on these SETTING UP HUMIDIFIERS
)structions when they are directly in front of the After the crate has been opened, the hanger
imidifier. ) should be installed at the humidifier location, and
Where the ceiling height is over 13 feet, the the humidifier then assembled and mounted on
st results with the Type H will be obtamned the hanger

1en the humidifiers are located so that the drip 1 — When column or wall hangers are used,

n s 8% or 9 feet above the ficor With the fasten the hanger to the support with %" x 3"

pe L, wihere the ceil.ng height 1s over 15 feet, lag screws if the support 1s of wood, or with

* best results will be obtained when the %" x %" machine screws if the support 1s of

mudifiers are located so that the drip pan s

metal In the case of concrete columns, a special
T 10 feet above the fioor

strap i1s provided for clamping the hanger to the
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AHNSON’
ENTRIFUGAL
UMIDIFIERS

DnB

INSTRUCTIONS FOR OPERATING TYPES H, HJ, L AND LJ

The Types H and L Humidifiers are furnished
complete with an orifice housing for water
connection when used with Master B Controls.
The Type HJ and LJ units are identical to the H
1nd I. @xcept that they have a Type J Individual
\utomatic Humidity Control Assembly instead of

he orifice housing.
b4

CONTENTS OF CRATE

Each Bahnson Humidifier 1s shipped complete,
nth all parts secured in a single crate. These
arts are:

1 — The assembled humidifier

2 — The drip pan and drip cup, which are held
' the top of the crate by a brass cap screw.
‘his cap screw and the large steel washer on

e outside of the crate are 0 be saved and used .

dascribed below.)

3 — The fan.

4 — The drip pan strainers.

5 — The hanger.

8 — The starter

7—Extra onifices and an adjusting key for

pe J Control, which are in a small cloth bag
d to the unit.

There are three types of hangers used with
ntrifugal Humidifiers.

1 — The column hanger, which 1s formed to fit
} particular size of column on which the
nidifier 1s to be mounted.

*— The ceiling hanger, which 1s used when
“humidifier is to be suspenried from the
hing.

}— The wall hanger, which s used when the
nidifier 1s to be attached to a wall or flat
tical surface

BEST AVAILABL DOCUMENT

The hanger type is specified when the unit is
ordered and only one type of hanger 18 provided
with each unit.

UNPACKING

Bahnson Humddifiers are shipped in wirebound
slatted crates. To open a crate, proceed as
follows:

1 — Place the crate so the solid panel, to
which the fan guard, starter, hanger, and other
parts are attached, is on the bottom.

2— Open the wires and pry off the slatted
panels of the crate.

3 — Remove the humidifier and ali other parts
from the crate, being certain that no parts are
accidentally discarded since they will be used in
assembly of the humidifier.

LOCATION OF HUMIDIFIERS

Wherever possible, always locate a Bahnson
Humidifier or group of humiditiers so as to
establish a free and continuous circulation of ar
around the room. In a small room, the best
location for one humidifier is near a corner,
about 4 or 5 feet from each wall, with the axis of
the motor shaft nearly parallel with the long side
of the room. If two humidifiers are required, the
other may be similarly located in the corner
diagonally opposite the first humidifier and
facing in the opposite direction.

In a large room requiring several humidifiers,
locate them 3o that tizey will assist each other 1n
establishing a horizontal circulation of air around
the room. The humidifiers should never be
located so the current of air set up by one
machine blows directly toward that of another

unless they are separated by at I2ast 50 feet
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Centrifugal
Humidifiers 5,914 r
17,386
L-5
=— 5008
"
—_add
PARTS LIST FOR 7500 ‘SERIES G — 41
3/60/230/460/575
188 Yotor Shim Washex 5307 Set Screw
El64 Sling 0ff Washer " 25,429 Flat Washer
BE436 Disc . 27,279 PMotor Assy. 1/230/4s0
L-l Grid Ring 27,281 Motor Assy. 1/S75
L-4A Fan Guard 27,283 1Ianex Feed Pige Assy.
L-5 Fan 37,384 Stand

- o . 25,914 Case
304 Double Union Washes 37:403 -ont Eead

S0L Double Gnion Lockaut 37,405 Back Eead
4441 Hex Nut 37,429 Outer Feed Pipe

317,386 Motor Mounting Collars
5001 Cap Screw includes (1) 33107 screws

5008 Cap Sczew 37,407 Single Onion
51§57 Cap Screw
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gal
ifiers

s

D3
17,249

1.4

37,404

17,180

PARTS LIST
1/60/115

S0A
50L
88
E34
€316
*102-3
444!
5001 -
5008
5157
5367
25,429

.13

37,383

Douhle Onion Rasker

Double OUnion Lockaus

Motor Shi=m Washes
Fan

Disc

Fan Guaxzd

Eex Screw

Cap ScTew

Cap Screw

Cap Screw

Set ScTew

flat Washer

25,915
27,249

27,210
27,280

37,403
37,404
37,407

37,429
37'384
37,1385

40,064

%u.z
FOR 2500 SERIES HUMIDIFIER T;r_-_m 429

‘Case

Sling 0f2 Washer

Motvor Assy. 1/60/115
Inaer Feaed Pipe Assy.

f-ent Eead
Back Eeacd
Single Union

Outer Fead Pige
Stand
Motor Mouncing CoL'L

Inclm.ns (3) 5307 Sccews
*40,065 OSEA Fan Guards

(front and Rearz)
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ECUIPMENT MODEL NUMBERS

3/4 H.P., 3 PHASE |

| 1500 HNY

| sum ﬁg
| 7500 CY
| 1497

]]U";W

l 1500 FNV

| $1630

T

LIST PRICE

ALL PRICES ARE F.0.B. BOISE ID. U.S.A.

7500 SERIES

ﬂﬁ'

1500 HY l
$ram |

7500 CV ,

$1589 |

7500 FV ,

$1722 I

CRAIG HORN
PHONE: (208) 343-7921

March 1994

22 GELLER]

Centrifugal

Humidifiers |
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EQUIPMENT MODEL NUMBERS

1/4 H.P., SINGLE PHASE

, 2500 HNV

| $1062 j[LEg
| 2500 CY
| gt
]!
, 2500 FNY
| $1a09

, 2500 PNV

| $1581

LIST PRICE

ALL PRICES ARE F.0.B. BOISE ID. U.S.A.

2500 SERIES

0. 2500 HVI

ﬁgﬂ $1138 ,
[

2500 CV ,

$1458 |

o 2500 Fy I

o

$1576 |

0

2500 PV [

$1658 ]

245 GELLER]

P.0. BOX 15299 BOISE 10, 13715

CRAIG HORN
PHONE: (208) 343-7921

March 1994 Centrifugal
Humidifiers
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CADICCLC
HYDROCOOLERS

CONVEYOR BATCH IMMERSION

ENCLOSURES
conveyor or batch
stainless steal

CONVEYORS
10ft.- 60f¢.

stainless steel
polyethylene Inner & outer wails
belt camlock construction
1ft. to 8ft width skid mounted
skid mounted 34" - 3% yrethane

panele

variable speeds

* 3 HORSEPOWER TO 500 HORSEPOWER COMPRESSOR SECTIONS
* 2.5 TON TO 500 TON PER HOUR AT 100 DEGREES F.

* MARINE GRADE ALUMINUM FRAME AND ENCLOSURE.

® UNCOMPLICATED REFRIGERATION CONTROLS AND OPERATION.
* OFF-THE-SHELF CONTROLS FOR EASY FIELD REPLACEMENT.

* INSULATED FIBERGLASS MAKE-UP TANK WITH AUTO-FILL.
* MAKE-UP TANK BAFFELED TO REDUCE FEED BACK CONTAMINATION.

* MARINE GRADE CHILLERS FOR LONG TROUBLE FREE SERVICE.
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WARRANTY

Complete Kit with
Velocity Probe

§525

»” RS-232C Port Allows Fleld
Replacement of Probe

» Fast Response Probe

»” Resolution and Response
Titne Adjustable Through

F.S-232C Port

The OMEGA Model HHF50 thermal
anemometer combines air velocty
and temperature measursment In
one highly versatile instrument
This precision instrument 1s ideal
for air conditioning, cooling,
heating, and ventilation
applications. It features a fast
response thermal probe, with one
thermustor maintained at 120°C,
and a second thermistor used to
measure and compensate for
changes n air temperature.

The HHF50 can also be supplied
with a spare field-replaceable probe
(HHF5P), which comes with ts own
calibration data. When replacing
the probe, the calibration data must
be downloaded from a computer via
an RS-232C interface port.
Additional features available
through the RS-232C connector
include: Enghsh or metric display,
adjustable resolution for velocity
and temperature, and adjustable
response time.

OVIEGAIZ:)
1-800-848-4271
Document # 4017

OMEGA ERNGINEERING,INC.

Ommom.ammzswnm.mm
Telex ! xbia OMEGA EASYUINK 62068004

1-880-P8-8688%

International Customers Dial

(203) 359-1660
24-Hour FAX (203) 359-7700

©CCOPYRIGHT 1963, OMEGA ENGINEERING INC
ALL HGHTS RESERVED

HHF50

Microprocessor-Based Thermal

Anemometer

Complete kit includes
combination Instrument,
velocitytempersture
probe, 9 V battery, case,
25-pin female RS-232C
connector cable, and
extenslion rod.

SPECIFICATIONS

TEMPERATURE

Instrument and Proba. 0° to 40°C

(32° to 104°F) Note. The HHF50 can be
used to measure temperature ONLY up
to 70°CF (158°) and down to -10°C
(14°F)

Accuracy: +1°C or 2°F

Resolution: 0 1°C or 0 1°F, adjustable
from 0 01 °F or °C through RS-232C
connector

Temperature Responsa Tima: 0 5 sec
using average of last %ght data points
(one data point every 60 milliseconds,

adjustable from 0 5 sec up to 4 0 sec
through RS-232C conneclos.

wit

e

L R N B

To 0

AIR FLOW

Range: 10 to 6000 fpm, 9.1 to 30.0 mps
Accuracy: 3% of rdg +1% FS
Resolution: 0.1 m/sec or 10 fUmin,
adjustable though the RS-232C
connector for 0.1 or 0.01 m/sac, not
adjustable for fpm

GENERAL SPECIFICATIONS

Display: %* LCD, 4¥% digris

Battery: 9 V alkaline (Included)

Battery Check: LOBAT display & 6 V
Battery Life: 25 hr intermrttent
Dimensions: Instrument: 130 Hx 71 W
%36 D mm (5.1° x 2.8 x 1.4%); HHF5P

probe 339 mm (15.77) long, 13 mm
()" ) bp diameter

Shipping Waight: 2.5 kg (5 £ Ibs

Model Mo,
HHF51:G1

Complete kit lndudl
temparature probe, 9 V battery, case, 25-pin female RS-232C
connector cable, extension rod Displays in fpm and °F

(R

LRI Dant

nation |trunt.

HHF52:G1 | 525

Same as HHF51, but displays in m/sec and °C

HHF5P:G1 | 200 | Field-replaceable veloctylemperature probe
MN1604:G1 3 | Replacement alkaline battery
Comes with complete operator's manual

Ordering Example HHF52 thermal anemomeler with m/sec and °C display, ncludes instrument
probe, battery, case, 25-pin lemale RS-232C conneclor cable, and extension rod, $525.

" AVAILABLE DOCUMENT
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Jaybird Mfg. Inc.

Humidifan
Humidifan approximate
Size Cost room capacity
X HP $629 50’ x 50’ (2500 ft?)
¥ HP $659 65’ x 65’ (4200 ft?)
1 HP $695 80’ x 80’ (6400 ft?)

Cost includes oscillator. Subtract $260 for unguarded fan
models. Humidistat cost is extra (approximately $85 for a 50%
- 95% RH unit $3% RH accuracy) Solenoid, relay, timer costs
also are extra.

)2 ¢



NOZZLE-FREE FOGGERS TO HUMIDIFY

!
Aumidifanis rapidly sefting newstandards for efficient, low cost fog production.
Using no nozzles or high

pressure pumps, the compact, self-contained units are
incredibly productive . .

HUMIDIFAN® TURBO XE Series.
‘The Horizontal Airflow Fan
That Produces Fog."

A remarkable ideq - the same blade that
creaftes airflow, atomizes water info fog.
Simple. Efficient, Effective.

® HIGH CAPACITY. 0-50 GPH OUTPUT,
® POWERFUL, FORCED CIRCULATION.
© MICRON-SIZE ATOMIZATION.

® UNIFORM FOG DISPERSION.

A proven, dependable fogger, Humidifan h
three HP sizes to meet the needs of eve
scale commercial growers to smaller

as grown to 32 models in
1y plant enthusiast, from large-
specialty growers.

(814) 364-1810
\% Premier Liquid Atomization Systems  FAX 364-1759
Ja

ybird Mfg., Inc.

RD 1 Box 489A « Centre Hall, PA 16828

BEST AVAILABLE DOCUMENT



\NDARD 12" WIDE DONUTS

\WY-DUTY 3" THICK D'BL NUTS"

wer Donuts To Install
wer Seams For Stems, Twigs,
Yocks To Penetrate

dws User To Stagger Seams On

isher

. NOT DRY-ROT Like Latex Donuts

NVork On ALL FRUIT AND
ETABLES That Need To Be
hed And Dried

f NUT™ REPAIR KiTS AVAILABLE
LESS DOWN T'ME ON PACKING

INCLUDES JIFFYJEL™.

J.D. OR | D., ROUND OR SQUARE

T IN 1/8" INCREMENTS
\Y *NO RISK" GUARANTEE
-LY!)

STRAIGHTER EDGES FOR
BETTER PERFORMANCE ON

BEST AVAILABLE DOCEjﬁEﬁC][ﬂNG LINE

“Most Orders SHIPPED IN 48
HOURS Or LESS

= Order FACTORY DIRECT Or
Through Your LOCAL
DISTRIBUTOR

~FREE DELIVERY ON ORDERS OF
$500 00 Or More In CONTIGUOUS
USA

~PATENT PENDING

~DONT FORGET! Karlen Also Sells

High Quality Latex Donuts Too!

QB KARRED

5401 S Graham Rd
St Charles, Michigan 48655

ORDER FROM YOUR
LOCAL DISTRIBUTOR OR CALL

(IR RTR ] IRAL DR L IR |
OUTSIDEU S A 01 (517) 865- 8221

FAX ORDERS (800) 202-81506 oursoeusa [FAX 01 (517) 865-8156 |

-
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1994 PACKER PRICE LIST / ORDER FORM COMPARE AND

BLUE"EE%’-{#:G DONUTS sgSATE D

High-Density Super Absorbent Sponge
Donuts for Drying Produce

slue Devil's Special Hydrophilic Polymer Foam Formulation Eliminates Water Quicker,

nd Lasts Longer than any other Water Eliminating Donut on the Market including Latex!
No Crumbling!  No Shredding! No Dry-Rotl  No Mildew!  Straight Edge Cuts! Chlorine Resistant!

NO RISK (REALLYI) GUARANTEE: Order Blys Devil Sponges and if within 30 days you are not ABSOLUTELY PLEASED with
thelr supenor performance over latex, we will ship you Karlen Latex Donuts and credit you in full for the Biue Devils upon their retum.

1-1/2" THICK INSIDE DIAMETERS: ALL SZES AVAILABLE INCLUDING SQUARE HOLES Bl

JUTSIDE DIAMETER (anyiny| 20-99 | 100-499 | 500 UP :ﬁg‘gﬁsg
3°/3-1/4" | 3-1/2" / 3-3/4" 85 .78 72 UP TO 48%
4" .86 .79 73 OVER IBC!

4-1/8" / 4-1/4" 95 .87 .80

4-3/8" / 4-1/2" 99 91 .84

4-5/8" / 4-3/4" 1.08 1.00 .92

4-7/8" /5" 1.19 1.09 1.01

5-1/4" 1.24 1.14 1.06

5-1/2" 1.31 1.19 1.09

5-3/4" 1.41 1.21 1.12

5.7/8" /6" 1.53 1.41 1.33

6-1/8" / 6-1/4" [ 6-1/2" 1.70 1.56 1.41

6-3/4" 1.87 1.71 1.59

EN ACCOUNT TERMS* 1% 10, NET 30 on Credil Approval Others Credit Cardor CO D

EIGHT: Prepaid in CONTIGUOUS UNITED STATES for orders of $500 00 or more Orders less than $500 60 shippedoutsido US are FO B our
ntm Michigan Or you may order through your LOCAL DISTRIBUTOR

BLUE DEVIL ORDER FORM

QUANTITY OUTSIDE DIAMETER INSIDE DIAMETER . SHAFT SIZE PRICE EACH TOTAL

IDE DIAME TER (ID) ONDERED WILL BE ID SIIPPED PLEASE SPECIFY I
LER THAN ACTUAL SIIAT DIAMETER TO ALLOW FOR TIGHT FIT ON SHAFT TOTAL ORDER

IPLE: ORDER 5/8" ID FOR USE ON 1° DIAMETER SHAFT. WE CANNOT ACCEPT RETURNS DUE TO WRONG SIZE BEING ORDERED

VENT: Chargetomy QVISA QM/C # Exp. Date: / /
ipCOD  Q Check or Money Order Enclosed Q Ship Open Account QBIll Through My Local Distributor Below.t;
2TO: BILL TO:

NE#: () pHoNE#: ()

HONE TOLL FREE: 1 (800) 262-8221 FAX TOLL FREE: 1 (800) 262-8156
OUTSIDE U.S.A. PHONE: 01 (517) 865- 8221 OUTSIDE U.S.A. FAX: 01 (517) 865-8156

;)
N TTTEETATIITACTIIN A e g o (o mlime s IV G QF P oastam PY alyipea,, K /’)/
T
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PROTECTING YOUR INTERESTS

OVER THE ROAD

IN STORAGE.

Florida grapefrutt ir Japan  Fresh Maine
lobster in Los Angeles  What was once
thought mpossible s now moutime, thankn 1o
advancements in shipping, packing and
storage techniques However, as many have
lcamcd, these new methods are not foul-
pruof. Every year mullions of dollars m
merchandise 1s damaged through human
error or mechanical mishap in shipping or
storage. Hard-won reputations are tannshed

and revenue lost

These consequences aren’t linuted to
the fresh and trozen tood industries Many
compantes handle temperature/humidity

- f y

sensitive

» AT SEA, AND

Items—pharmaceuticals, electron-

s, horticultural products  So, from nulk to
MICrO-processors, companies serious about
protecting brand image and mahet shae have
incorporated Ryan temperzture/humidity
monitors into their operations Regardless
of produc
A QUALITY CONTROL STRATEGY, With
Ryan monitors, noi only can you determine
if damaging fluctuations occurred. but when
they occurred—Iirom processing through

t, the benefits are the same

distnbution—and take action  For nmany

mportant

Dagital Temperature

Monitor

Temperature Range
-40° to 1 10°F (-40° 10 43°C)
Momitoring Spans
7 21,42 or 84 days
* Electronic <ensor cannot be
affected by imipact
* Dhputal data retricyal

e Chart nuturn

* Automatse PON Use Jccunicy

vealication

¢ Pair with Rvan TripWriger™

for sccuran
on-the spat

1080 Ryaart snessstons s D ctise oo 1l ettty o wondun gps,

L S -5 ate Loaas w o

it ychans
¥25 on

el
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TRPMENTOR.
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companies, Ryan monitors are a crtically
< yetmexpensive clement
quality contro)

Analog Temperature
Monitor
Temperature Range
-20° 10 100°F ( 29° 10 18°C)
Monitoring Spans
4 816 320r 7S dwvs
¢ Certsficd bi metal conl records
temperature on pre<sure
KOs pyxr
* Autenn e M UM R LUK Y
venlwation
* Chart retum
* Fxtended span tomperature
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A DISTRIBUTION SiRATEGY. Data
recorded by our monitors gives you insig
1nto the quahity of your distnbution systes
Armed with thrs information, you zan m,
mlormed decisions concerning storage,
shipping and handling procedures

A LEGAL PROTECTION STRATEGY.
When damage has oceuned, Ryan momi
provide you with the documentation and
expert analysis which has proven effectv
time alter tune i clams resolution

IF YOU iNSIST ON QUALITY
INSIST OK RYAN MONITOR:

Chances are, your competiion does And
for good reason Since our it monstors
replaced the men who rode banania trams 1
track temperature Nuctuations, the Ryan
name has become synonymous with sehab
mstruments and excellent service

Analog Temperature
Monitor
Temperature Range
AP 1o HO°F (-24° 1n YR°C)
Momitoning Spuns
15 and 60} davs
* Ryan reliability s an
INCYANIVE (NP Imomitor
e Corutred by et ol Lol e ods
R e dure o0 prossurg
SN papwr
o Pt s acur iy senbic sion
* Nopopxrwuork segquinad
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SELECT THE RIGHT MONITOR TO FIT YOUR NEEDS.

TRIPMENYOR

Rangze

Fime Accuracy
TLamp Accurny
Scnsang Flomant
Sample Raue

IPowet

Warghit

uTi

Rangre

Fune Aconre
Fomp Acomay
Sorsang Fleent
Chao

Chart Advanc

Papor Wadth
Sale Waelih
Powar

Wenght

RYAN MX

Range

Time Accuracy
Fomp Neomnn
Scnsmge blenns
Chart.

Chart Advance

Paper Wiy
Scale Width
Power

Wenzhi

8801 148th Avenue N E.. P O Box 599. Redmond. WA 98073-0599 USA
ran Europe Jagtlusthade 12C P O Box 169 2170 AD Sassenherm The Netherlands 31 2822-11 108 FAX 3125822 31012 / ~ (__/
-~

uTIm™
MX™
RTM2000™
Model K™
RyanMentor 1I™

Wy -

. 6AY SPAN

et s o A VAN et

7.21,42,84
4,8,16.32,75
15,60
Programmable
10,45, 90
Programmable

SIGLE.OR"

_MULTIPLE CHARTS,

Muluple
Single
Single

Muluple
Single

Muluple

Below 15 a guide w help you choose the mstrument best suned to your momtormg ueeds

Digital & Analog
Analog
Analog
Digutal
Analog
Digital

TECHNICAL SPECIFICATIONS

-40° to LIOF (40° 10 43°C)

+01%
1% (£5°%C)

Fast response thermusion

5 mmutes 7 dave

15 nunutes 21 davs
30 minutes 42 davs
O nunites B s

Onc vl allalime batten

<l0 ounces

20° 10 HKPF (20° 10 $6°(,)

27

=27 (170

Cortthod bometal conl
Prosseine sonsinng Papus

1D Otk pordan
RDn YO pordn
16 Dy 15 pordn
£2 D 70 dan
75 D 750 per ehan

20 mches
2 binches

bwa 1 Avalt W\ alkabine battcnes

1% ounces

-20° to 100°F (-29° 10 38°C)

129

+2°0 (+170)

Cornfecel In-mmcaat conl
Pressure sensitive paper
15 Dav 194" per da
) Doy 495 o dan
20mcdu

I Hinches

3

One 1 5v0lt AA alkaline batten

<15 ounces

RTM2000
Rangc

Lame Accunsiey
Monvng Hement

Sample Raue
Deplovnrent e
I'owes

Weneln

DICITALDATS. | p

Temperature
Temperature
Temperature
Temperature/RH
Temperzture

Temperature/RH

et <72° (0 163°F (-38° 10 7'1°C)
RID S32R% 40 | H199F (-204)° 100 (430°( )
REE Do 100, 117 10 122907 (<107 10 W07( )

T 0L

Fastresponwe thammstor, RED and

hunndy sensors
3 seconds 1o Q000 s
v

One valiathabine hatten pack

<I2 ounces

RYAN MODEL K

Range

Lime Neonn ey
Lomp Necuracs
Sensimg Hemom
Chant

Chat ey e

I'oway
Waeln

1A 0 05°F (225710 459 )

i

'

L}

R ')

Contd rmerdood
Ptessine sonstine papes

10 D w 12 pordas
17D n Voo
00 Do S pordn

One Favalt Vb
12 ounces

RYANMENTOR It

Range

Tune \canany
Lemp Accuran
Sensing Element
Sample Rate

Poweaa
Weneln

fiyan InsIruments

=% 10 IR {10 w0 13°0)

RIT U 1001
1
+ 1°F (£.5°C.)

Fast response thermustor

I mmue I $ehans
Tammnotes YIRS

Fymmmnes 2 odons
S0 mmttes 42 dans
bl minutes R4 s

One sl alkahinge batten

12 outiees

(206) 883-7926 FAX (206) 883-3766



» With over 70 years' expenence, we're a
‘scognized leader in the field. Considenng
xday's fierce compettion, why tust your
roduct or your reputation with anything el

1 WIDE RANGE OF MODELS
AND SERVICES

-rom simple analog (stnp chart) monitors to
igital umits with PC compaubility, Ryan has
"ie nght temperature/hurmidity monutor,
hatever your applicaion  What’s more. we
wt provide you with the veratility and
wpability you need to manage the data you
llect. Get your charts and graphics
smediately, or have us prepare your report
ownload data in the field using your
table computei, termnal or datalogger
r transfer 1t to your IBM" PC or compauble
'ust munutes We’ve got the software to
e the most of your data analys:s.

N:RTM 2000

) LAV VYN
Dignal Temperature/
Humidity Monitor
Temperature Range
H -328% 10 [112°F (- 200° 1o 600°C) R
Hunidily Ranpe
510 100%
¢ Underwater and weatherpruofl
emlosures avail by
e Schat Irom witk vainciv ol
wTns of Hrnmnshor R 1T)
and hunudity padw s
* Renkie probe capabslines
* Multi-chunm |

Ry )

wetkes evnr distralngtos s more congi nt m the
;’/u Npechar goves et an e

Whewthre s gy puobtem il Ryan
manittent oy e st thine o il

AMagor Proading Distnbuter

BUILT FOR HARSH
CONDITIONS

You can’t afford to have a monitor quit
when condiions getugly  In fact, that's
when their capability 1s needed most Al
Ryan. we know what our instruments can be
subjected to, day-1n and day-out So we
bunld theny ta resist more than just broiling
heat and treezing cold, rough handhag 1
also taken 1ntv account

DOUBLE VERIFIED FOR
ACCURACY

Accuracy 1s vital in any kind of monutor

No momtor passes through our doors with-
out first being calibrated at nve or more
temperature extremes Proof of this calibra-
tion 1s available and all Ryan monitors come
with tamper-proof seals. So, whether your
product goes over the road, under water or in

Analog Temperature
Monitor
Temperature Range
I5%1098°F ( 25° 10 15°C)

Moautaring Spans
10 45 or 9 dave
* Produces Stnp Chan as it
hanfons
* OwOH swatch allows v 1o
Ay funeve hant cassa iy
ik stue g an
* Chanec chan Casseties i just
wLonds
* Sinp chant vu\y\ Wit
nrantoning 2 7

storage, count on Ryan monitors with chart
accuracy that has held up in count

SALES AND SERVICE
WORLDWIDE

With distribution points worldwide, we
guarantee quick response, tast shipments
and outstanding service  Many customers
msiston Ryan lostrunients for this reason
alone Shouldn’t you?

For a demonstration or more nfor-
mation, call Ryan lnstruments
1-800-999-7926 (U S & Canada only) or
206/883-7926 FAX us at 206/883-3766
Or simply wnite us* Ryan Instruments, P O
Box 599, Redmond, WA 98073-0599

fiyan Instruments

Drgital Temperature and/or
Humidity Monitor
Temperature Range
=0 1 110 F (40" 10 41°C)
Hunikllty Ranpe
10 to 10 %
Monitoning Spans
T4 7 2142 or K days
1O bnphiy

e Compatible wah tHA 1
X1 or Al
* All it can be proviewed on
wreen belore printing
* Meny teven sofiwan

}{%

'1'. RyanMenmor fj‘
o

e

MCHITC R
SeSTLt

! e Rveor Instrasne s oanse o i taned e tn ans ko of I el et
e dnve tee o bere K ennd cotle dony dameree s
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Optical refractometers for sugar
rmeasure the % solids (Brix) in food:s.

VR : T | For % solids (sugar, Brix) measurements, just place
et oy o3 BN

Ry S & | a small drop or small piece on the prism. Using any
B | convenient lighe source, look through the eyepiece
and read the scale at the border between light and

dark regions. |
Works on these foods and more:
com syrup tomatoes wine
wvert sugar beer urawbernes
honelr fmnl;u»ce cglnnsu
2} s mapie es
,no';:w J:mh m':lot:p ams fruit
- Temparolure compansation accuracy
20 05 for 0.10 scois division model,
20 25 for ol ofhers
Calibraton liqud

Drstilled water for 0-30, 0-50 Brix models,
50% wiwt sucrose for 44-77 Brix mode!

For More info-

(800)888:1335

Optical,Refractometer for Brix Measurements, automatically lemperature compensated:
0 - 30 Brix, 0.2 scale division. ("B* Photo) Model #AQA1078...  $219
0 - 30 Brix, 0.1 scale divislon. ("A° Photo) Modal #AQA1080...  $830
0 - 50 Brix, 0.25 scale divislon. ("B Photo) Model #AQA1079... $265
44 - 77 Brix, 0.25 scale division. ("B* Photo) Mode! #AQA1077... $265

Three Countdown Timers For Safer Food Holding, Frying,
Rising/Baking, Incubating, Broiling, Service-Timing, ...

Two easy to read “moving hand” electro- J Lo
mechanical timers. =

With zero to 60 minutes ume intervals  Black numerals 1/2" |
high on 6-1/2" white dial Loud butlt-in buzzer signals’end of K
cooking or other cycle Plastic cover protects power switch
from build up of grease, flour, etc. The 7.5" x 7.5" x 2.5" easy §
to clean case has wall-mounung keyholes, and recessed hand

gnp for portabiliry.
120V, 50/60 Hz, UL and CSA listed.  Amencan Made.

1 10 60 minutes countdown moving-hand timer Model #AQA1064... $ 80.8.
1 10 60 seconds and minutes up/down counfing moving-hand tiner, larger
numerals show fime remaining, inner scale shows elupsed time. This model
kas a 600 watt power cutle! 1o control smalt oppilances ond buzzer adjustable
volume confrol. Model #AQA1065... $93.eq.

Battery-powered digital countdown timer with beeper

Low cost, versaule and compact, this umer counts down wich large 0 3"H. diguts 10
a beeper signal One button sets umer 0 10 99 minutes. A second button sets tmer
at 0 t0 59 seconds Large start-stop button. Moderate-volume beeper 1s suitably
audible, but the above line-powered buzzers are louder. Timer memory repeats

last setting unless reset  Battery shelf life one year Neck lanyard for mobile users
such as dieticians. area supervicors

-
NG
S



‘Measure salt, sodium, potassium,
and nitrates with these economical

lon-specific digital meters.

These 1on-specific meters do not have cables or
separate probes. You place the samples directly
on the flat sensor electrode beneath the lift-
cover at the bottom of the display panel. The
recess serves as a contawner, and cleans easily, but

also snaps out for replacement. Liquids require
yust 2 0.15 ml drop sample. Solids and powders
are to be ground finely and diluted 10:1 with
pure water (extraction method).

Housing Stze Al hove 2-Ggt @spioy ond e
3722712035 W0 @ Liham bofenes
ot ldaz £CR-2025 tor 300

M hon hours confinuous opercnon

Quiomoc Rmp  comp. of sompls
41" 85F (3" 0 35T) Accessones tr o2 sonoord

For More info- S0MOUng shee! (300K n Equd I© |}

2500

>OPTIONAL CARRYING CASE for any of the following four meters and accessories...

Model AQA1113..... $30. eq.

SALT METER (SODIUM iON) operatos Independentty of other lons or pH of sample; range
0.1-10% NeCl(w/w). Resolution 0.01% to 0.99%, 0.1% fo 9.9%, then 1% up to 25%.
Model #AQA1092..... $215. eq.

SODIUM ION METER, range 23 - 2300 ppm (10° to 10" molA, but usablo beyond).
Repeatabllity = 20%. Includes pipet. Modo! AQA#11 14.... §215. ea.

POTASSIUM ION METER, range 39 - 3900 ppm (107 fo 10" molA, usable beyond).
Repeatability £20%. Includes pipat. Model #AQA1115... $215 0.

NITRATE ION METER, range 62 to 6200 ppm (107 to 10" molA, but usable beyond).
Repeatability = 20%. Includes pipet. Model #AQA1116.... $225 eq.

Measure Conductivity or pH with no
cable! In-the-pocket size measurement

instruments.

Waterproof “flat sensor” can be immersed 1n sample, but 1s
easily replaced of necessary. “Hold” button to recain read-
===y ing for recording Two lithium batter-
B¥ 1es #CR-2032; low-batt signal. Auto

j shut-off Compact suze- 6™L x 1" W x
M 0.6". Accessones two standarduing

#734

solutions, deionized water, carrying

i (800)888-1335

pouch, nstructions

CONDUCTIVITY/SODIUM CHLORIDE SALINITY CONVERSION METER, covers 0 - 19.9 mS/em in 3 ronges
Repeatability = 1% tull scale Auto Temp Compensation from 5" to 35°C. One touch auto calibration

(1 point) Accessones inciude pipet...Mode! SAQAI17..... $245 ca.

[ Rl SR “r aaa ™ I N Zesntan & A Y a4 ea Ygma
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Economical thermocouple
thermometer - Made in USA.

Ths affordable thermometer 1s manufactured in high
volume with engineered economues. [t uses integrated circuie
chups, surface mount technology, component nest housing,
wsert-molding parts capture.

Wm&%&'ms ,;2F*68'
ncremants, .22 F%
to 8°F ambiont

Camvs (Centigrode) modal meaaaes -120 10 +550°C m
N I* ncrementy. Accuracy wihn 025% of rsxting.

T OXComomt f';;.
For Les with any Type K (Chromet-Abumar)
Mmcug’;,mbo

wih minioture connector
LCD Doy Ad 4/10-nches high.

WD howr YV reploceabia boitery wih
10 hous “Lo Bait” clert

FDA approved matendis: nyion hancks,
sécons cobis

Economy Themiomeler. Economy Alr K-Thermocouple
Alidns fAQA31303-KF... 3“&3 fast 19 raciafion shield, 30" cable.
Afkins §AQA31308-KC... Alkins FAQA3T903-X... $28
Probes: Economy Bare Tip Probe, 30" cable.

Dicke Lsa ar Iypa K baenocoupi proba wih mviokre Alkins Model JAQA31905-K... $15

hodt)
Economy Needie K-Thetmocouple Probe, .
4" needie fip, hande, 30" cable Accessories:

AtinsModel #AQAJIR0IK... 4§25 Econamy canying case vi wih Zope.
Economy Surface Fixed Bell Probe, Alkins Model #AQA14230... 38
K 0.125" . x 4 slem wih

3;8' dia. fip, handie, 30° cable.
Alkins Model #AQA31907-K... $28

Speed read temperatures with this handy
needle thermometerfeaturing S
big digits and a small price.

mocsUres. i _-}A‘

P "
OOD

-
e —
p—

FAXED

Fahrenheit Pocket Needle Thermometer.
Mode! #AQA11012-F... $26.95 (Four for $89) answer s
Celsius (Centigrade) Pocket Needle Thermometer. 709 A

MAade' 24081101y ~ €74 QE CAiir fmr &RON PN



These thermometers keep a
record of the temperature.

Scroll the display to read stored dataq, alarm
conditions. You can even send the data to your
computer for analysis and archiving.

Mwmmmmmm
Coupi prode et Inckuded) Temperotw rongs 40 OF b 500 0F
hOI(JOO'Cbmﬂ'ChOI)waG'QMh"
Accurocy wihout prode: ¢ 1F bom -22F 176F, fun
cz'mmhndw (2 1C over Al ronge)
uumywmc,oeem
mmmcmmmw
' mr«mnm-mulmm‘,-na'cnnat
i nas‘mmmwumurmmmm,m
:qualumdum (2 1C” over e ronge)
Hamycw@r&lnmm

wop-cround
3 cobia r«mﬂmmnwm‘,wo‘cb
i 995CTnos, 100C 10 240T In 1" Accusocy including probe:
A glFm-lnblm,lmz‘ﬂ'mbduudm
X (2 1C° over kdf rangs) uamwc,osamam

TD

&
rItometer

. Platinum R
"Recorder

‘ A;E‘he

Thermocoupia Thermometer-Algrm-
Recorder Kit: Thermometer. cable mounted
socket for probe (not suppliod), software,
RS232 cable, hinged camying case.

Atkins Model #AQA1054-(specity K or T
thermocouple type desired)... $425/it.

Thermocouple Recorder Thermometer only.
Atkins Model 8AOA37313-(spodty Kor T
thermocoupts Iype deslred)... $395. eq.
For AQA thermocouple probes, see lstings Platinum Thermometer-Alarm-Recorder Ki:
for other themocouple meters, pius spe- Thermometer, 4° needlo probe fip, software,
clalized probes on pages 16 & 17. RS232 cable, hinged canying case. Atkins
Model #AQA1052... $375./kdi.

Thermistor Thermometer-Alarm-Recorder

Kit: Thermometer, 4" needle probe tip, Platinum Recorder Thermometer only. Atkins

software, R5232 cable, hinged canrying Mode! #AQA37262... $345. ea.
case. Atkins Mode! #AQA1051

$325/xi. Meer holder, wall mounted. May be padiocked.
Allows probe and cabje to be inslde or outside
Thermistor Recorder Thermometer only. holder.

Atkins Model #AQA37112 $295 en Atkins Mode! #AQA14016 $39 ea

/

A

/



Temperature recorder-indicator, with hi/lo
alarms also shows DEGREE-MINUTES, DEGREE-
HOURS, DEGREE-DAYS, uses interchangeable
thermocouple probes, K or T. ot Moro into

This recorder-indicator 1s similar to those shown on page at left, and records
4.096 ume and temp readings. Use any [BM-compatble PC for setup and eventual
downloading for graphing and archiving  The recorder-indicator on thus page has ).
detachable chermocouple probes, can record at intervals of once 2 second up 10 once  Apprvones 4 Al
per 12 hours, and 1t has an optional-use new degree-ume calculation feature. (800)888'1 :

If degree-tume calculation s desired, injthe PC setup menu you will make several selections including stare
ume, F or °C, and then “Multplier* or “Comparator® degree-ume calculation, whether “over” or “under” 2
beseline 1s desired and the baseline tempersture, then 2 calculanon ame unst of days, hours, or minutes.

Later, when wsing the recorder-thermometer in the field, f you selected °F, “muluplier calculanon®,
“houn®, and “over”, chen properly acavaung the dusplay wnll give you a reading of the F degree-hours over
the baseline since your startp.

If w: the setup you previously selected *comparator cakulanion, "F.houn.andover".d\cnd\eduphypmp-
erlyacuvatcdmﬂgweymamdmgo(d\ewulnmnbuo(hmusmxdegmham!)dwmmmlm
been over the F baseline since your startup.

Thacmsuunwnuhaveduphymﬂmg.mdcanbe;mnpedtomdd\cumemdmnp.utheahmcm-
ditions. Range for both K and T u: 400" to 500 0°F in 02° (40 0° to 260.0°C 1n 0.1°) but over 9°F or 'C
the display ts in 1° while intemal calculations are 1n 0 1C* resolution. Instrument accuracy ¢ 1F° from -22°F
o 176°F, range balance s 2 2F° (2 1C* over full range). Drsplay only auto-off aiter S min. Bartery one 3V
Lathuum, lasts one year

Thermocouple Recorder-Indicator-Alarm Kit, with Instrument and cable-mounted minlature
socket for K of T thermocouple (but without the probs), RS232 cable for setup by PC,
software, hinged camying cass.

Modal #AQA1054-(specily K of T thermocoupla type desired)... $425. /it.
Thermocouple recorder-Indicator-alarm only. Model #AQA37313-(specity

K or T thermocouple type desired)...$395. eq.

¥ of T Thermocouple probes used must match the above K o T Instrument selection.

For AQA Mnxapbnob«,mmhommwmmwwodpmbumm 16417

Time and temperature chart recorder.

Select chart speed so one £98.50 compiete and ready for
rolf covers 4, 8, 16, or 32 use In dellveries, coolers,
doys Choose F of °C gnd tefrigerators, freezers,

View through clear fop
On/Ofl swiich

Temperoture ronge -20" 1o
+ 100F or -25° 10 35C

shipments, storage, produce.

Temperature sansor
bsmetallic conl dnving stylus

Accurocy ¢ IF, + 'AC

Recorder size 7° X 3 75° X
2.25" (188mm X S4mm X
57MM) Werght, 15-0z
(420 groms)

Temperature Chart Recorder. 9V alkallne Replacement packet, battery plus 4 charts.
battery. 4 charts. 12 adhesive mounting HAQA1008-F... $§9.50

pads, 12 metal tamper-proof seals. #AQA1008-C... $9.50

#AQA1097-F... $98.50

#AQA1007-C $98 50



http:optional.me

Buiit-in solar powered thermometer cind
probe, NSF certified for food zone areas.

Front Flange, Into-Panel Mounting, YAQA 1045

2125 oamater
267 dameser Mounong hoe mnﬂ,._q_a,

Dok orcly ‘
|
i 0

1

holes 120 dogress !
Ppent

Back Flange, On-Wall Mounting, FAQA 1046

108

anbMdNolnmmedad.bodfamﬁigerm Reschgion 0.14F or °C.

Solar powered with 100 LUX 8git tevel ed. Uhium !
bortery bociap o b Acouracy 127 or ¢ 1IC*

lanswer G
15 G
(800)888:1335

NSF certifted cabie for Laa i food 200 arecs. Oigs U4 ol biock on sver
Cclbroied troceabis to NST Eosly raploces stondart 7 dameter dial hemmometers.
Switch between *f and °C. Mmmammcmwmm

Memaoo-rolsws(mnmmnm-sa-c Saniess geel housng.

Solar Powered Thermometer Solar Powered Thermometer
panel mount with front flange. wal mount with back flange
Model #AQA1045... gd? Model #AQA1045... $55

Two-Probes: Temperature, fime, date,
one high/low alarm, plus daily highs g-.-_-_._
and lows in memory - Aveicax

Moasures 45 10 +215F (56 10 + 101°C)
Accurocy £ 2P or IC*

Kooaps fme 12 or 24 hows format

Both and low glanms are sattable, ond
cpegmmm:rmaamymw 5
Sores ond low tme-gampad
SR

LCD biock digrts 0.4 high,
homoom::nmumm
HGh o low fermperature aioem,

Wdu'eboﬁetymal low
battery sonol o

For countertop or wal.

Thermometer and T J
clock/calendar with two Maih probe
remote probes plus alarms. ochud e
Model #AQA1014. .. $79

my A
"X«
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Order Form

Complete, then phone, tax, or mail to All QA Products, Inc , J443SW 42nd Way, Gatnes ille,
FL 32608-2375, US A See page 3 for additional ordering instructions. Add pages as needed

age ¥ Model = Qry Unut Price TToml Price

3 Viking Model Swiss Army Knife 1 FREE®*
Towal Merchandise $

Sales Tax: Flonda recipients add 6% $

U.S. Shipping & handhing (Ground) $10.00 $
U.S. Shipping & handling (Two-day) $20.00 $
U.S. Shipping & handling (Overnight) $30.0C $

Intemational Shipping (Fax request for shipping cost) $
Total $

Payment =l ™8  CreditCard >
(Circle one) et @ @ Expu:uon - |
Check Money”]  Stgnature

Satisfaction Guaranteed Check your order when 1t armives. In case of loss
or damage, tell the carrier nght away If you are not completely satsfied
with your purchase notify us within 30 days. Call to get a retun
authonzation number We'll refund the purchase pnce.

Warranty. All QA Products, Inc warrants these products to be free of defects in
matenals or workmanship for one year from the date of shipment No other warranties or
representations, implied or expressed, are intended. All QA Products, Inc. will not be liable
for consequential, incidental, or special damages. -

Help us find new QA products
All QA Products, Inc. 1s looking for new products to offer. They may be based on new

technology, or introduce new and clever applications of old technology.
Our cniteria are. usefulness, rehablility, and ease-of-use. If you know of such products

we'd like to know about them. Just call 1-800-845.8818.

Ordered by ' Ship to

Name Name

Company Company

Sereet or P.O. Box Street address

Ciy City

Szate, Zip, Councry State, Zip, Country

Would you like us to send our catalog to somebody else? YesT] No(J
Name

Address

Y-o&.(.—]lnl-‘ncnlnuh-t&l [L ¥ N O . At v Che o P e rabemerks ¢ H ks Marste, horeng o 1BMB and IBM PCD e rademurks
@ ‘mecen, o . rakwrl ¢

aseul '\.-n-n- Manvems Yinmes s orraavan o XY S dirbmer 2 rrakman s\arm Cmean maheelf 0
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Welk-in Coolers/Freezers

A recognized leader in the refrigeration gt a
7~ industry, Bally provides walk-in coolers and -
, freezers uniquely designed to save you time
/ and money when you build...and to keep
operating costs down for years to com )
Bally’s insulated, pre-engineered e{s L
are constructed of the finest quality mate- \
rials and are virtually maintenance free. Sim- '
plicity of design assures ease of assembly — - -
or disassembly — for future expansion or
relocation. And a quality product 1s only part
g of what Bally offers
Gur experienced customer service or- .
ganization is backed by the full support of the ¢
Bally engineering and design team — a large
k in-house staff using computer-aided tech-
nology to respond quickly to your every
: need. Your investment in a Bally structure is
: also protected by a ten-year warranty on the
‘ insulated panels. It all adds up to your as-
: surance that Bally is proven dependable...
: “and your project will be up and running — on
| ¢ time and within budget.

¢
)

v g

-
o
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Pre-Engineered Panels

Infenor celling de-
sign weakened and
damaged the panel
It had 10 be fixed
on-site which de-
stroved the struc-
tural integnty of
the panel

all panels consists of urethane foamed-
1-place (not frothed) for peak insulating
ficiency. The foam — using a formula that
lies on HCFCs with just one-tenth the
zone depleting characteristics of CFCs
prmerly used — enters the mold in a liquid
ate, and rises uniformly, filling all voids.
ghtweight panels are available in 4”, 5" and 6"
Beware of competitors offering polystyrene or
minated components.)

peed-Lok?® joining Mechanism

rms a tight, secure panel joint, holding warm
out, cold air in. Promotes easy assembly or
assembly for expansion or relocation. Speed-

gue and groove do not seal
perly, and do not form a
pression joint This allows
ar to seep into the
r/freczer which reduces
jation effectiveness

BEST AVAILABLE DOCUMENT

Lok joins all panels — wall to wall, ceiling to wall
and wall to floor — for a complete vapor barner
system. A minimum of three Speed-Loks is
used along each vertical joint

Tongues and Grooves

on all panel edges are molded to extremely
close tolerances for a tight fit between panels.
Prevents condensation from forming on the
foam and minimizes hea: transfer.

Right Angle Comers

ensure that the walk-in is aligned at installation,
guaranteeing a perfectly square box and a
tighter fit.

Heavy-Gausge Steel Connector Straps
connect the locks to form continuous steel
bands through panels. Eliminates any possible
separation between panels. Allows for easy
disassembly and reassembly for expanding or
moving the walk-in.

Outside Metal Skins
are available in a variety of finished metals and
custom colors.

Gasketing
made of soft compression plastic guarantees a
tighter panel joint.

Wash Primer
yields tenacious adhesion between metal skin
and urethane foam.

* Competitor photus were taken dunng an actual
freld installation

194



| Ceiling Panels

One-Piece Ceilings
are available for outdoor use.

Gecr-slpcn Design |
allows for more usable s;ace Column-free
construction saves time and money.

Varlety of Widths and Lengths
are available to suit eve
forced types now availab
internal steel support.

requirement. Rein-
e up to 17'4" without

Compothior

The large vod at
corner of the foam
1s due either to the
foaming process or
mechanical dam-
age The only way
to repatr was to
load up with caulk
Itisaless cleanand
less effective instal-
lation

This shows a failure of
tongue and groove to
mate, creating 2 void
which permits the pas-
sage of warm air
through the space It 1s
likely 10 cause conden-
sation on outside of box
(Bewareof systems
without¥ull tongues and
grooves on afl panel
edges.)

Refrigeration Systems
Many Types Avcilable

including self-contained, preassembled remote
varieties with semihermetic or hermetically

Floor Panels _ ;“;a‘°‘::°:‘p’ess°"'
mple, Efficdent n

arlety of Widths and results in ease of insta lation, minimal repairs

uit varying applications. and reliable operation with low energy con-
bie sumption.

ithstands uniformly distributed stationary Faclory-Assembled
loor loads up to 600 pst. systems result in pre-
fustomlized Fit cise quzality control
f 4" floor panels with 4" or 5" wall Leak-Tested end
anels will maximize efficiency and ease Test-Run

f installation. before delivery to en-

sure maximum per-
formance.

BEST AVAILABLE DOCUMENT



Doors
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Optional Accessories

The Ballv walk-in is designed for the utmost 1n
versatiity and dependability. The following
accessories are also available for increased
storage capacity, added accesstbility and max-
imum protection.

Partitions ¢ Sectional Roofs for Qutdoor Walk-
Ins ¢ Pressure Relief Ports s Modular Shelving
Temperature Alarms » 4” Floor Screeds « Wall
Protectors « Meat Rails « Door Ramps ¢ Floor
Racks ¢ Floor and Ceiling Edge Caps

Prompt Delivery

Indoors or out, large or small, freezer or cooler ...
when you want it your way, and you want it
now ... Bally delivers. We ship any of 10,000
walk-in vaneties, in your choice of sizes, shapes,
finishes and equipment, in just 10 working days
after you place your order.

10-Year Warranty

Bally stands behind the quality of our products.
Our panel construction is warranted for ten
years. Extended plans covering the complete
refngeration systetn are also available.

CFC Compliance

Bally continues to be committed to maintaining
our safe environment. We endorse the Montreal
Protocol and the Clean Air Act. By using HCFCs
in our products, we will continue to provide our
customers with the highest quality, state-of-the-
art, and environmentally safe insulation panel
and refrigeration systems.

Vi

Bally panels carry these important listings

For more information call us at

1-800-24-BALLY or 215.845.2311

FAX: 215-845-6110
(After 1/1/94, use area code 610.)

No 93 252 Prned n U'S A
F1989 Engineered Sirucures Inc

WALK-IN COOLERS/ FREEZERS
Bally Engineered Structures. Inc

Walk In ens ‘Freezers Divison
20N Front St PO Box 98
Ballv PA 19503-0098

1475 Linda Wa
Sparks NV 89431.6126
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Chioride Cont'd.
8 CHLORIDE, 50-500 ppm CAT NO pRICE
sources of salt are the ocean and vanous salt deposits above and below Type of test Titret cal Ampoule kit K-2050 3250
ground Anslys:s bme 2 min Ampoule refil R-2050 200
Chlonde is verv comosive to most metals in systems with elevated Method for quanufying rasutts Activalor solution  A-2000 100
pressures and temperatures such as boilers and oil dnlling equipment In Drrect reading 70 7 %
coastal areas higher than nomal chlonde concentrations in dnnking fgg’ﬂ;";"zw"’o" 75’:5‘306:50035:& pl
waler can indicate seepage of seawater into the water supply or the R
presence of industnal effluents CHLORIDE, 250-2500 ppm CAT.NO PRICE
e Titrimetric Method. CHEMetncs employs mercunc nitrate titrant in ‘Tr’s"ly;’;"a;’” rg:::n Am pou: :‘:' ul :ggg: -"g; gg
cid solution with diphenylcarbazone as the end point indicator Bromide I Meothod for quantifyng resurts Actvalor sohton  A-2000 100
d 1odide will trate as chlonde Resulls are express as ppm (mg/L) Cl Dxroct reading
Shelfdife. Although the reagentitself s stable, the diphenylcarbazone, Scale unts 250 275, 3001. 325, ‘3750 375 400, 450,
ised as the end point indicator, has a imited sheltife We recommend 500, 625, 750, 875, 1000, 1250, 1750, 2500 ppm
oclong chlonde test kits in quantites that will be used within 4 months CHLORIDE, 1000-10,000 ppm CAT.NO. PRICE
eplacement diphenylcarbazone Titret tips have a 6month shellife, the Type of test- Titret coil Ampoute kit K-2055 $22¢0
ctivator solution has a 4month shelHife Analysss bme 2 mn Ampouls refil R-2085 2200
Method for quantifyng results Activalor soluion  A-2000 100
Dwect reading
Scaie unvts 1000, 1100, 1200 1300, 1400, 1500,
1600, 1800, 2000, 2500, 3000, 3500, 4000, 5000,
7000, 10,000 ppm
CHLORIDE, 10,000-100,000 ppm CAT.NO PRICE
Type of tast Tilret call Ampoule kit K-2070 S2250
Analysis tme 2 min Ampouls rehlt R-2070 22 00
Method lor quantifyng resufts Actvalor solution A 2000 100
ILABLE DOCUMENT Seaia
BEST AVA Scale urvts 10,000, 11,000, 12 000 13,000,
14,000, 15,000, 16,000, 18 000, 20 000 25,000
30 000, 35,000, 40,000, 50,000, 70 000 100 000 ppm
Test kits and refilis each contain 30 tests
’
‘ -
Chlorine (free & total)
erences: DPD method~EPA Methods for Chemical Analysis of Waler and CHLORINE (free & total, DPD method),
Ha:ts“m::m mﬂﬁfﬁ) ed.p 4-45, method 4500-Cl G (1992} ?,'p:' gﬁ:;‘ CHEMetampoule  Ampoule kit c:-:sgg ;glgg
i veloped by CHEM + Inc Analysis bme 1 min Amrpaule refill R 2500 19 00
ause of us strong oxidizing properties, chionne in aqueous solution is \‘;‘9"’?‘1 e;g‘ ‘7“""’”""1’3 r:’s“”’ Actvalor soluion  A-2500 600
=xcellent biocide used to treat potable waters, municipal wastes and Comparalor sianarms 01 0.2 04 0 6.08,10, 15,20 ppm
1mining pools  When used (o treat potable water chlonne not only acts
a brocide but also helps alleviate the adverse effects of Iron, manga- CHLORINE {O-Tol ), 0 1-2 0 ppm CAT NO PRICE
. ammonia and sulnide :ﬁ of test C;*EMet ampoute mggu:: :l:' . :gﬁ S-;!g 83
. . o min . u ) -
e Colorimetric Methods. CHEMetncs olfers two methods fonthe Mem’{,’;s,o,”:,a,,,,,;mg results
terminauon of free and total chionne The DPD methodology 1sused in  visyal color companson
kit K-2500 Free chionne reacts with DPD to form a red product The Comparator stancargs 01 0.2 04,06,08,10,15,20ppm
ensity of the color formed 1s directly proporuonal to the concentration CHLORINE (free & totai, DDPD mathod),
lonne in the sample  When ammonia or amines are present, some @f 4420 pom CAT.NO  PRICE
chlonne may exist as "combined chlonne® Combined chionne will Type of test ULR CHEMet Ampoule kit K-2511  $5100
interfere with the free chlonne results, provided the readings are taken ~ Analyss tme 2 min Ampoule refill 23233 3% £
minute To determine total chlonne (the sum of free and combined), m&w“"wg&m’ mﬂ:fﬁﬁ"m A2501 800
the A-2500 activator solution (potassium odtde) supplied in the kit Comparator stancards 00,0 04,006,008, 10, 12 16, .20 ppm
Its are expressed as ppm (mg/L) Q,
The DDPD method is a derivative of the DPD method. The DDPD CHLORINE (free & total, DOPD method),
04 ppm PHOTOMETRIC CAYT NO PRICE

pound is more sensitive, more stable, and free from low-level
erence from chromate. The DDPD methodology isemployed in test

K-2503. K-2505, K-2505A through D, and K-2511 These kits are well

ed [or use in situations where biocides and chromate corrosion

bitors are used simultaneously The DDPD compound reacts with

nne to form a purple product The intensity of the color formed 1s

ty proportional to the concentrauon of chlonne presentin the

ple When ammonia or amines are presentin the sample, some of the

nne may exust as “combined chionne® Combined chlonne will not

rlere wath the free chionne result. provided the reading is taken at |

ute To determine total chlonne (the sum of free and combined), use

A-2500 activator solution (petassium todide) which s supplied in the

Results are expressed as ppm (mg/L) CL Cont'd

Type of test: Vacu-val ampoule

Ampoule ki (refill access) K 2503 $ 22 50

Anolys:s bme 2 mun Ampouis refilt R-2503 1900
Method for quantyng results Activalor solution A-2500 800
Photometer (13 mm coll) Neutrahzer sotuton A-2501 800
Seo page 8 for moro nformaton  Compiele System 1000 kit T-2503 495 00
{ampouls kit. photometer
filtor and case)
CHLORINE (free & total, DOPD method),
0-10and 1 0-50 ppm CAT NO PRICE
Type of test CHEMet ampoule Ampoule kit K-2505 $44 50
Analysis bme 1 mun Ampoule refill R-2505 19 00
Meathod lor quantifying resufts Activator solution A-2500 600
Visual color companson Neutralizer solution  A-2501 600

Comparator standards 0,01,02.03,04,06,08 10 ppm
101520,25303540 45 50ppm

Call 1-800-356-3072 to place your order.
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To determune total chionne the otolidine-based methedology

empioved in test kit K 2502 1s recommended  Chlonne reacts with CHLORINE (tree & total, DDPD method),

0-50 and 50-250 ppm CAT N
2-tolidine to form a vellow product The intensity of the color formed s Type of test VAcpS.n, ampoule  Ampoule kit K.zsosﬁ ;F;“_.fg
directlv proportional to the concentration of chlonne i the sample The Analys:is bme 2 min Ampoute relill R-2505A 2200
manrer v which this potentiallv carcinogenic reagent 1s packaged and Method for quantifyng results Actvator solution  A-2500 600
handled vinuallv ehmnates th bility of sk b Visual color companson

andled vintuallv ekminates the possibility of skin contact and ¢ nse- . rator standards 0 5,10 15 20 30 40 50 pom
quentlv anv danger to the analyst 50 75, 100 125, 150, 175 200 225 250 pom

CHLOAINE (free & total, DDPD maethod),

CAT NO PRICE
CHLORINE (frec & total, DOPD method), 0-100 and 100-500 ppm
0-600 ppo OCR PHOTOMETER CAT.NO. PRICE e st VA Cuatie ampoula Mmoo rain | Ras0s8 i
Typ® of test. CHEMet ampoule  CHLOR 1 OCR i1t L3002 $435 00 Method for quantfyng results Actvalor soltion  A-2500 600
Analys:s bme 2 mun Ampouie refil] R-2505 1900 Visual color companson
Also 30e page 7 Nomlrzo’f‘m :g gg; Comparator stancards 0, 10, 20, 30, 40 69, £0, 100 ppm
100, 150, 200, 250, 300, 350, 400, 450 500 ppm
Cal Check ampouie A-0117 230
SetZioampovs  A0100 250 CHLORINE (free & total, DOPD mathod),
0-1000 and 1000-5000 ppm CAT.NO. PRICE
CHLORINE (fres & total, DOPD mathod), Typs of test VACUotie ampoule  Ampouie kit K-2505C  $47 50
0-23 and 25-125 ppm CAT. NO. PRICE Analysis bme 2 mn Ampouio refi R-2505C 2200
Type of test VACUette ampoule  Ampoute kit K-25050 $4750 Mathod for quantifyng resufts Actvalor solution  A-2500 600
Anslysis bme 2 min Ampoute refil R-25050 2200 Visual color companson
Mothod for quantitying results Actrvator solution  A-2500 800 Comparator standards 0, 100 200 300 400 600 800 1000 ppm
Visual color companson 1000, 1500 2000 2500, 3000, 3500, 4000 4500 5000 ppm

Comparato standards 0,25 s 75,10, 15, 20, 25 ppm
25 375 50,625 75 875 100 1125, 125 ppm

Test kits and refilis each contain 30 testa

CHEMets ampoules
smploying the DDPD or
DPD reagent provide an
accurate chlorine
determination to 0 1 ppm
The DDPD reagent is more
sensilive, stable, and
resistant to interferences

hlorine (hypochlorite)

wence: DDPD method—Developed by CHEMetrics, inc

. . CHLORINE (hypochlorits), 0 3-1 6% CAT.NO PRICE

introduction for *Chlonne, free & total Type of rostﬂ\lmcumo ampoule  Ampoule kit K-5805  $4100
* Colorimetric Viethod. CHEMetncs' method 15 applicable to the 5 oema 2 mn " Ampcule refil R-se05 2200
'ct determination of hypochlonte concentrations in vanous cleaning m’w w“,n,qug’n",gnm" s
Jarations and dsinlectants prior to their dilution  The DDPD Connparator standards 030,045 060,075,095, 115,130 145, 160%
hodology 1s a denvative of DPD The DDPD compound reacts with .
ochlonte 1ons to form a blue color e CHLORINE (hypochlorits), 2.5-12% CAT.

tf altothe Th ntensity of the color is Type of test. VACUstte ampoule  Ampoule kit K-5812 84100
ctly proportional to the concentration of hypochlonte present Analysis bme 2 min Ampoule refil R-5812 2200
1lts are expressed as percent NaOC| Mathod for quantrdying results

Visual color companson
paralor standards 25,3545 60 70 85 95 105, 120%

BEST AVA”-ABLE DOCU M ENT Test kits and refills each contain 30 tests
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‘ferms and Ordering
nformation.

o place an order
Wnte CHEMelncs, Inc . Route 28 Calverion VA 22016

Cait 1-800-356-30720r1 7037889026
Fa:; 1-703-788-1856

s

8:00 AM to 4 30 PM Eastern Time Monday through Fnday, except holidays
s

Net 30 days from date of shipment with approved credit. FOB Calverton, VA.
VISA and MasterCard accepted

scount policy

Quantity discounts off list price are as follows for identical items
Quantity Ducount

5093 10%
100-199 15%
200 or more 20%

wibstantially higher discounts are available for large quantity orders Contact
he Marketing department for details

pping
1the absence of instructions from the customer merchandise will be shipped

12 UPS wheneer possible Freight cost plus $3 00 handling will be added to the
worce Claims for transponatior, damage must be submitted to the common camer

amed Merchandise

HEMetncs generallv accepts retums of resellable restockable merchandise for

edit However a 20 percent fee wili be imposed unless the problem resulted from
HEMeltncs ermor We also accept instruments in new condition returned within thirr.
1ys of purchase ‘Vlerchandise requinng relabeling repackagmag, or other remedial

‘pense will be subject (0 reducec credit The customer should contact CHEMetncs
advance to obtain a retum authonzation number

ranty

1EMetncs warrants its products to be free
¥m twe years from date of manufacture, e
uch we identify as having shelfn es short
piration dates pnnted on the merchand
»endable components, are warranted
fmanty does not apply to merchandise |

le lets, Titrets; Vacuvials, -
xcept as follows Those reagent products Y et uantizChlor and the'sea gull ty

er than two years are warranted through the "|0'g€f>,d're‘régisl.éf0d‘U?!Q,Cm‘a'{’ﬁj(’f;'

of defects in matenals and workmanship

1se Instrument products, other than their HEMettics, Inc. .

Or one year from receipt by the customer This

mproperly stored or handled bv a party other DPD-Rh()dazmeDS)s;cm 1000, BCR. .
" CHEMetnzs ‘.z Titrettor, CHEMet, VACUsette, Titret, UR. - .
IS WARRANTY SHALL BE IN LIEL OF ALL OTHER WARRANTIES, EXPRESS OR CHEMet, and Vacuvial are trademarks™ -~ ‘
LIED. INCLUDING ANY IMPUED WARRANTY OR MERCHANTABILITY OR FITNESS Q(Cmiglzcs, Inc. c . cn
R A PARTICULAR PURPOSE. R . .
i A Patents - T, -
1y - CHEMets, Titrets, ULR CHEMets,: ,
lability of CHEMetncs Inc for defective merchandise s limited to the cost of repair . Vacuwvials, and VACUettes are covered

eplacement of that merchandise whichever s lower In no event shall CHEMetnes -..by US. patents 3.631,038,4.332769, - -
1able for anv injurv loss or damage resuiting from the handling or use of its products . 4537747, 4-'596'780‘; 5‘0.13"‘1--‘%5' a{]d .

Metncs does not authonze ans person or agent to accept hability on its behal! . De5327027 o

BEST AVAILABLE DOCUMENT




Hydrocooler Costs

Clarksville Machine Works (Arkansas)

Item

Batch Hydrocooler (will cool 2,000
lbs. at one time)
includes: 10 tons of refrigeration
2 horsepower pump

(without refrigeration
(i.e. use ice)

Shower Hydrocooler
includes: 18 ft. 8 in. cypress
slat
75 HP pump (8")
¥ HP conveyor drive
refrigeration not included

Spare parts for Batch Hydrocooler"
pump lower bearing
pump upper bearing
pump shaft
pump impeller

Spare parts for Shower Hydrocooler
pump - same as Batch
conveyor chain
sprockets

Cost

-$22,500

-$11,500

-$24,400

$50
$50
$200
$100

$7.50 - $17.50 per
foot
$25 - $200 each

N
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SERVING THE INDUSTRY

And Replacement Parts

fKING LINES FOR:

9 Plant

i Others 3 BEST AVAILABLE DOCUMENT

TEW MANUFACTURING CORPORATION PHONE. AC 716-586-6120

MAILING ADDRESS P.O BOX 87 FACTORY ADDRESS' 470 WHITNEY RD WEST
PENFIELD, NY PENFIELD, NY
14526 14526



R

COMPANY BACXGROUND Tow Manutacturing Corporabon was formed and began business in October 1952 at Fairport, Nw'»'York for the
oxpress purposa of manufactunng Fnend brand frust paciung house aquipmant. In 1954 it purchased the gradar divislon of the Trescott
Company and continued manufacturing both Fnend and Trescott machines until 1960 when both lines ware discontinued in fxvor of an improved
Tow line of packing house equipment. Since that date, continuing efforts have been made in ongineering and manutecturing, permitting us to
now offer our finest machinery for cleaning and packing frurts and vagetsbles

POLICY & GUARANTEE Tow Manufactunng Corporation sells its products direct to the consumer end not through any distributor or dealer
organuzation This allows us to price supenor equipment lower than our competitors’ machinery to tha benatit of our customsrs. We quarantee
our products against defects in matenal and workmanship for a penod of one year after shipment |f any item or machine is defective, we will (1)
repair 4, f brought back to our fectory, (2) pay alocal serviceman to make the repair at your place, or (J)replace the part or machine free ofcharge

and prepaid Customer to install replaced part or machine o-
our minimum order is $10.00. If ths part you need I8 less, we suggest

TERMS OF SALE & ORDERING INFORMATION Due to processing costs,
you order two or add some other part that wiil be ussfu! in the future Please enclose your check for parts order with order. Add $5 00 to

caover shipping for orders valued to $25 00; $8 00 for orders $25 00 to $100 00. Machine orders roquire a 20% deposit with order, balance due

bofore machine leaves our factory If you want immediate machine shipment, ptease enclose full amount. Machinss ere prices 1.0.b. our fac-
tory Crating is extra if we ship, it does not apply if you pick up at our factory. Our low prices result from our policy of DIRECT SALES ONLY
No distributors 40% profit Is in our prices.

Five Mile Line Rd.
)

J Whitney Rd.

Tew Mfg. '

BEST AVAILABLE DOCUMENT
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Florida, USA,
By ATKINS

Recording & Indicating Thermometers
(Probes Attached) Read & Record Temperatures; Scroll Display to Check Recorded Data Or To Jump

To Any Alarm Conditions. Later, Analyze Or Graph Data On Any IBM Compatible Computer. Simple, User-Frlendly
SoﬁwareAnd 0-Ring Sealed Housing Included.

o § MEDIUM RANGE, THERMISTOR SENSOR WIDE RANGE, PLATINUM SENSOR
folw @ °F7°C Switchable Reads in 1° from 12°F to 130°F, in 2° from °F/°C Switchable Reads in 1° from -17°F to 173°F,
&¥ —17°F t0 173°F Switch to °C 1o read in 0.5° from —*1 °C to 54°C, In 2° from —40°F to 410°F Switch to °C to read in
then in 1° from -27°C 10 78°C Needle tip probe attached by 29" 0 5° from -11°C to 54°C, then in 1° from —40°C to
cable. Memory Capactty of over 8,000 date-time-temperature 210°C
readings Recorder Indicalor with Software £37262 . . . $395
Recorder Indicator with Software 837112 . . . $235 RS 232 Cahle §14631 . . . $14

RS 232 Cable #14031. . . §14

LE@@@@@@ Thermometers (probes Attached)
RA-HIGH ACCURACY HIGH-ACCURACY THERMOCOUPLE/PROBE SYSTEMS

Total probe & instrument accuracy +0.6°C over range -115°F to 440°F (usable to
LATINUE! SYSTEM 900°F) in 1° resolution °C reads 1n 0 1° over range of
mbined mstrumentoand -55°C to 199 9°C Probes attached by 29° _
rolsecit):cgjvrzrqr/;‘g : gf s high-temperature armored cable
76 0°F to 199 9°F (~60 0°C Choice of 4 Prohe Styles:

Small-Handled Neodle Probe
#33033-ForC... $115
Large-Handled Needls Probe

D 199 9°C), reading in 0 1°
esolution Accuracy 1° up

) 500°F (260°C) with 1° #33032-For C . . . $120
tsolution Needle tip probe Small-Handled Surface/Universal Probe
ermanently attached by 29° cable #33034-F or C . . . $119

36036-ForC. .. $159 Large-Handled Surface Probe

#33035-ForC ... $149
ndicating Thermometers (Use Interchangeable
‘hermocouples As Shown At Right)

c0 LED DIGITS, MICROPROCESSOR. BIG LCD DIGITS, MEMBRANE SWITCHING, ,
5-232 to Computer, °F/°C “°F/°C AND AUTO-RANGING 0.1°/1°, SMALL -

curacy +0 1% of reading +0 4C° over PROBE HOLDER

ge of ~148°F to 2502°F. °C equivalent Accuracy +1% of reading +1° over range of 112 0°F to
mes complete with IBM PC compatible 1999°F%uto-orangmg unit housed in rugged ABS plastic
ftware and RS-232 cablz for computer #39558-K . . . $49 T
okup. #49600-X . . . $396 Multi-Probe Switchbox when used with #39658-K thermo- S
meter can accommaodate up to four probes simuitaneously

Select probe to be read with rotary switch #39667-K . . . $119

LCD DIGITS,
wams MICROPROCESSOR,

1 “F/°C. 1 PROBE ) STAINLESS STEEL HOUSING, SHIRT-POCKET

: Accuracy +0 5% of readin ’ ;

+15 ovet range of -G OoF SIZE, SWALL PROBE HOLDER, °F/°C

: to 1999°F Instrument capable Accuracy 0 7% of reading +1° over range of ~40°F to
s of output to recorder 1832°F Shirt pocket sized unit housed in stainless steel
-G - #49200-K . . . $185 #38653-K . . . $129

All Above Units Are Available In Thermocouple Types J, K& T
RFST AVARLABLE DOCUMENT e
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Built-In Digital

Frhermometer

leplace Bimetals or Bulb and Capillaries With
hermocouples and Digital Display

istrument with 2° digital dial has accuracy of +2F°
0.25% of reading from —100°F to 1000°F and is

Panel Mount Design

Page 3, B440.3.93
lmernatlonal

Accuracy Standards

Traceable to U.s.
National Institute

of Standards &
Technology

Mounts on surfa

sailable in °C equivalent. Can use any type K 161810 . . . $89 ,ﬁ;‘:,’,:‘,',;’;,’{,',‘:,f'},‘;:m of wall ce

iermocouple. connecting external #61820.. . . $89
threads 1/4° NPT

wer Supply §14018 . . . $13 £61820. . . $89

-and-Held Thermocouple Probes

or Use With Atkins Thermometers @

er 150 probe designs available in thermgcouple types J, K or T. (Some popular models shown.) -

EDLE TEMPERATURE PROBES for foods (meat, produce, fish chicken, salad bars, milk-shake/ ~uhi

Flas), plastic meit temperatures, solder pots #50335-J, KorT. .. $41 Q )

PRFACE TEMPERATURE PROBES for over-heating motors, transformers, cooking griddle
librations of thermostats, heat sealers, plastic molding dies, maintenance.
0318-J, KorT...$64 #50012-J, KorT. .. $59

R & GASES TEMPERATURE PROBES for HVAC contractors, air balancing, refrigeration, oven temperatures, dryers,

shwashers. #50332-J, Kor T. .. $44 #50338-J, KorT.. . $28

0D EQUIPMENT MULTI-USE PROBES for calibrating cooking
thermostats, oven calibrations for product temperatures or

e temperatures, refrigerators, dishwashers. See Needle,
rface & Air Probes shown above.

MPOSTING PORTABLE PROBES
garbage disposal sites.
1135-K . . . $250

{EEN PRINTING DRYER PROBE,
on garment with measurement
1t in drying ink to track proper
ration. #50008-K . . . $105

v
BEST AVAILABLE DOCUMENT
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The Control of
Quality at Atkins

Atkins Technical Incorporated maintains
master calibration standards traceable to
‘he National Institute of Standards and
fechnology and against which all plant

vorking standards are regularly checked.

ndependent Quality Control personnel
re responsible for standards, calibration
quipment, and incoming and outgoing

See Our Products
Advertised In:

* Prepared Foods

* Food Processing

* Food Products & Equipment

* Foodservice Equipment &
Supplies Specialist

* Restaurant Business Magazine

* Food Equipment Distributors

Association

* Journal of Food Protection

* Dairy, Food and Environmental
Sanitation Magazine

* Modern Plastics

° The Thomas Register

* Printwear Magazine

* ScreenPlay Magazine

* Impressions

* Screenprinting

inspections in conformance with vritten
procedures.

General Product
Guarantee

All Atkins' products, standard and cus-
'om, are guarantsed to perform within
ur specifications for a period of one
rear when subjected to normal usage.
"his guarantee covers both parts and

abor, but does not cover any consequen- Network

ial damages. Products 1o be returned

'ust be approved by Atkins in advance

ased on the user’s reported difficulty. “

tate how much error, whather high or Retiable

W, at whit point, under what condi-

Afkimns” ),
Ons, and compared to what standard.

‘ , peifi cat,or for naet distributor,
CALL ATKINS ORDER DESK

1-800-284-2842

Atkins Technical Inc., 3401 SW 40th Blvd., Gainesville, FL 32608-2399
Customer Service/Engineering Assistance: (904) 378-5555
FAX: (904) 335-6736

BEST AVAILABLE DOCUMENT /¢ //
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Introducing the Batch Hydro-Cooler
from Clarksville Machine Works.

-

rease shipping Idsses; le

crec ngthen
el life e grower retums

_~




Batch cooling brings a low-cost
cold wave to small growers.

Now the proven benefits of
hydro-cooling are available to small
growers and producers with the
sconomucal Batch Hydro-Cooler from
Clarksville Machine Works.

The fastest, surest way of removing
ield heat from most fresh vegetables
nd fruit, Hydro-Cooling thoroughly
renches produce with icy chilled
vater, “shock-cooling” it to put the
rakes on the natural npening process.
- Completely self-contamned, the

ce-saving Batch Hydro-Cooler cools
ton of produce at a time, thoroughly
enchmng it with a high volume of icy.

ed water.
Produice 1s cooled several degrees in
tter of munutes Length of ume 1s

remne , hp motor provides
p80-gpm flow Maintenance-free water
a7ea pump never needs olling

it to last. With
§ quality materials
¥ our famous

anship.

gsville Hydro-Coolers are buit
geel. fiberglass and rugged
B grade plywood to be remarkably
| dependable and efficient
iberglass lining cannot rust or
d 1s unaffected by oxidation,
ater, cold or heat. It doesn t
Qor contract from the constant
d wetting of normal operation
JRur craftsmanship and attention
control mean long hfe and

closed, and with the flick of an
automatic timer-switch, the Batch
Hydro-Cooler goes to work Within
munutes, produce temperatures are
drastcally reduced, putting the brakes
on the npenung process and adding
days or weeks to shelf hfe

Batch Hydro-Cooter can reduce produce
tenperatures nearly fo the freezing mark.
Temperature gauge tells the story

Variety of
options available.

can be ordered with a vanety of
refrigeration and conventence options.

These include
® Increased refngeration tonnage

® Automatic door opening/closing
® Pendant or radio controls for remote

® Traler mounting for portability
© No refrigeration (where pre-cooled

Batch Hydro-Cooler standard
features include
® Space-saving overhead door

® Two individually controllable

pree senice

® Single- or three-phase power

Big job. Small space.

In a remarkably small space (about
7 feet deep, 12 feet long and 10 feet
tugh) the Batch Hydro-Cooler performs
an amazingly big job.

Its 59" wide by 59" deep and 72"
tugh opening can be loaded by forkhft
or hand with a full pallet (about 2,000
pounds) of produce per batch.

Its space-saving curtain door 1s then

witliy

Y 1

The Clarksville Ratch Hydro-Cocler

(10 tons or more) for decreased
chiling time wath large loads

or forkhft operation.

water 1s available or ice-loading 15
practical)

refngeration units

® Low-profile hugh-volume circulation
pump, water lubncated and
maintenance-free, 2-hp electnc
motor, 280 gpm output.

@ Compact modular self-contained
design, with all components
permanently mounted to heavy
angle-ron skids.

@ Fiberglass lining for long Iife, easy
cleanng and low maintenance.

© Automatic single-control timer
switch.

Backed by our

famous warranty.

The Clarkswille Hydro-Cooler
has bult an outstanding record of
maintenance-free service in hundreds
of installations 1 the U.S and abroad
over the past 35 years

We're so sure of our products. we
back the Batch Hydro-Cooler with our
outstanding lmuted warranty a full
10 vears against defects in the tanh
and structure

Purchase or lease.

We offer flexible financing plans
for the Batch Hyvdro-Cooler from
Clarksville Machine Works And we'll
tallor a purchase or lease plan to vour
requirements

We'll make it easv to own or use
the best An authentic Clarhsyille
Hydro-Cooler

TEMPERATURES (°F)
"

N

0 4 28 &
TIME (MINUTES)
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Cold facts about
the Clarksville Hydro-Cooler
frecm Clarksville Machine Works.

.ver since we designed the first

ksville Hydro-Cooler over 35 years

, growers, sellers and consumers

e been benefiting from the

h-picked quality of hydro-cooled

s and vegetables Our

yry-making equipment set the

dard for high volume continuous
luction. And 1t still does.

ur ongmal “shock-chilling” process
ches produce with a high volume
y. chilled water. It 1s stull the

'st, surest way to remove field

. Even so-called “modern”

n-ice methods can't compare for
ency, even coverage and increased
-bfe. And advances in refnigeration
tology have made our process
more efficient

dilage protection

'\ans more profit.

benefits of hydro-cooling are
For example, the U'S Dept
culture has shown that at 86°F .
corn loses 50 percent of its
content withuin 24 hours after

harvest The Clarksville Hydro-Cooler
dramatically reduces this loss of quality
and flavor in these and other
vegetables and fnuits

Here's
how you benefit:

© Produce can be tree- or vine-
npened longer for better color and
sales appeal

© Hydro-Cooling prevents spoilage and
waste, giving growers and packers
more flexibility.

© Hydro-Cooling removes residue,
dust and durt so produce looks
fresher and tastier

e The chilled water may be treated to
destroy harmful bactena or spores
on produce

® Lets you expand your market.
Produce stays fresher longer,
requires far less refrigeration before
and dunng storage and shipping

® Hydro-Cooling lengthens the
shelf-lfe of penshable produce.

An authentic Clarksville
Hydro-Cooler 1s an outstanding
mvestment for the production of high
quality produce demanded by today's
wholesalers, retailers and consumers.
One that will save you money and
make you money every day it's m
operation.

Clarksville Hydro-Coolers are bult
with steel, fiberglass and rugged
manne grade plywood to be remarkably
strong, dependable and efficient.

We custom-build our high-volume
pumps 1 our plant Their low profiles
save space, while water lubncation
means oiling 1s never needed. Qur
record for long pump life and freedom
from maintenance 1s outstanding.

We have a complete line of standard
and custom-made Hydro-Codlers, with
capacities to meet any production
requirement. Models are available for
both packaged and bulk produce, and a
wide vanety of options lets us meet
your mdividual needs.

No matter what your produce, your
volume needs and space requirements,
there's a Clarksville Hydro-Cooaler to
do the job

CLARKSVILLE MACHINE WORKS

P.0. Box 378, Clarksville, AR 72830 Phone (501) 754-7161
BEST AVAIL Dt
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Fruit And Vegetable

KERIAN SPEED-SIZER

FOR SPEED, ACCURACY,
AND GENTLE HANDLING

SIMPLE DESIGN--Easy to maintain, easy to adjust, with a unique patented
method of roller expansion.

COMPACT AND EFFICIENT—A large capacity in a small floor space, yet
rugged enough for field use.

UNEQUALLED ACCURACY—No other diameter grader comes close,
because of continuous product rotation and individually-driven heavy-duty
rollers which maintain precise separation.

PROVEN ABILITY—Customized features and gentle handling are part of
the package in hundreds of applications for apples, beets, carrots, citrus,
cucumbers, fish, garlic,"melons, nuts, olives, onions, peppers, potatoes,
radishes, stone fruit, squash, sweet potatoes, tomatoes, and others.

KERIAN MACHINES, INC.

Hwy.81S,,P.O. EBlox 311 » Grafton, N.D. USA 58237
PHONE 701/352-0480 « Telex 4932886 « Fax 701/352-3776



STANDARD FEATURES

Rollers designed for your product—The expanding rollers ride on V-pulleys, rotating and
orienting the produce. Overroller turning flaps furnished for long produce also align the
Product Roller types include spaced rubber spools, three diameters of PVC-covered steel,
and urethane rounded Spools Stainless steel rollers are also available

TREEET
HA R
H RN

Rubber spools for: round Plastic-covered rollers  for Urethane rounded spools for:

potatoes, onwns, oranges, most preducts: long potatoes, easily  bruised apples,
ote. cucumbers, befl peppers, etc. tomatoss, etc.

Accuracy In sizing — The Kerlan Sizer Is equipped with an exclusive patented roller drive
that Is selected for your Particular sizing needs. Whether a standard or special application,
the cholce Is from over 300 drive patterns presently In use. A custom design Is also
avallable for a small additional charge.

No bruising or skinning — Your product Is gently rotated on moving rollers with direct
separation onto a convayor or delivery pan.

Easy adjustment features — Easlly-movable dividers for precise size selectlon and full
adjustment. Dividers can be easlly added or subtracted to change the number of sizes. The
legs are adjustable over one foot of height. The foot pads accept standard 6-inch casters.

Low power consumption — Standard single or 3-phase TEFC motors range from 1to 2 HP.

Built In durability — The frame I3 rigld 2x5 steel tubing and all parts are made with
precision to last for Mmany years. We pre-test every machlne before it Is shlpped.

SIZE SELECTION

Any Desired Measure
Of Increass In Each Space

/b2



KERIAN SPEED SIZER

THREE LENGTHS AND FIVE WIDTHS

M SERIES L SERIES X SERIES
Sizing | Capacity® | 60” Sizing Length | 80" Sizing Length | 120" Sizing Length
Width LbJHr. 2To 4 Sizes 3To 6 Slzes 5To9Slzes
30in. | 25,000 M-30' L-30
40 in. 32,000 M-40 L-40 X-40
50 In. 40,000 M-50 L-50 X-50
60 In. 50,00C M-60 L-80 X-60
72In 60,000 ' L-72 X-72

*Approximate capacity of combined sizes per hour depends on the size, shape and weight
density of the product, as well as product flow and product distribution on the sizing
rollers. Listed capacities are those normally experienced for & product such as round
potatoes, onions, or oranges, at a roller speed of 100 rollers per minute.

CALL US TODAY FOR A QUOTE TO FIT YOUR REQUIREMENTS

BEST AVAILABLE DOCUMENT

KERIAN
MACHINES, INC.
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The versatile XERIAN SIZER adapts to almost any packing system. At the left is the
KERIAN SIZER Mode! M-50 complete with cart, elevator, and revarsible takeaway belts. At
the right, the Model L-80 is installed after the grading tables and in front of a conveyor
system which consists of six independently reversible belts.

OPTIONS

Custom Separation—If none of the standard patterns tit your unique application, we can
design a separation to your exact specifications. Accurate within 1/64 inch.

Corrosion Protection--imron Polyurethane paint provides extra protection for high acld or
salt conditions. Recommended for some food processing applications are stainless steel
rollers, stainless contact points, or an all stainless Sizer.

Portability— Heavy-duty casters with a swivel-locking feature bolt onto the legs for easy
movability. Also available is a cart and hitch to taka the KERIAN SIZERright into the field

Takeaway Tables—Single, double, or triple belt tables carry your product to either side of
the Sizer. Included are channeling for separate lanes and side delivery as needed. Side

conveyors are also available.

Elevators—Peg apron or finger flighted belt elevators, either stand-alone or Sizer-mounted,
are designed to “tit"” with the Sizer.
Lubrication Systems— Centraiized lubrication panels and automatic roller lubrication
simplity maintenance procedures.

Dther Options— An over-end roller assembly allowsdelivery of large product off the end of
the Sizer. The vertical takeaway clearance can be increased as needed for chutes or flumes
with the assistance of an over-end damping assembly. The Sizer can also be provided with
triple-seal ball bearings throughout to provide long-life service in harsh environments.
Rigid platforms raise the Sizer to any desired height. Vanable-speed operation can be
achieved either by mechanical or electrical adjustment.

BEST AVAILABLE DOCUM”
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KERIAN SPEEBD SIZER

January 1, 1968 U.S. Prices
M_SERIES L_SERIES X__SERIES

SIZING 60" SIZING LGTH 80" SIZING LGTH 120" SIZING LGTH
WIDTH 2 TO 4 SIZES 3 TO 8 SIZES 5 TO 9 SIZES
30 IN. M-30, $7200. L-30, $9330.

40 |IN. M-40, $7840. L-40, $9950. X-40, $13100.
50 IN. M-50, $8510. L-50, $10600. X-50, $13730.
690 IN. M-60, $9350. L-60, $11300. X-60, $14460.
72 IN. L-72, $12300. X-72, $15290.

Pricaes are FOB Factory. All Models Include: Adjustable dividers and legs;
Choice of rollers; Standard Spiral Drives, and Single or 3-phase motor.
Takeaway Tables Additional. Capacities depend on size, shape, and weight of
product beiny sized.

OPTIONS
Custom Spiral Pattern  350. Auto Roller Lubricators 140.
Stainless Contact Points1500. Lube Manifold 360.
Stainless Steel Rollers 1100. Rear Damping Assembly 300.
Casters, per set 140. Mechanical Vari-Speed  200.
Field Cart 750. . Over-End Roller 275.
Platform, 1 foot 78. Stainless Steel Sizars
Platform, 2 foot 135. Belt tables & Elevators

WE REQUIRE ONE-THIRD DOWN PAYMENT WITH ORDER
WITH BALANCE DUE WHEN SHIPPED.

KERIAN MACHINES, INC.

Hwy 81 South, PO Box 311
Grafton, ND 58237 USA
701/352-0480, FAX 701/252-3776



Sizing Width =
300400500601
or 72

6.5
295

16.5

XEBIAN SPEEDR SIZER

?

WLI TABLE (OPTIONAL' SRR AIRN
L1175 ‘ 205 +L

M e ‘

Qverall Length
Wa 66 M- Series 96 . L =0,2,4,6,8,0r10 ;
86 °'L"Series -116 (Platform optional for
126 X'Series 156 additional height)

Note: All dimensions in inches.
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¢ Fonctional replacements for many leading brands 9 Aluminum collared plate fins and copper tube .

0 Alr and sloctric defrost madels

- -- — MEDIUM-TEMPERATURE ‘APPLICATIONS. (AIR DEFROST) 35°-TO" 55°%F ~— ..—- —.
. WALK-IN MODELS

® Expansion valve mounts Inside cabinet -

txd Capocity Fan Motor Amps Cosasctions {ia) Dizasnsions (In) - M Steck Shps
oIt 1D Qy Dia €M 118V slet Suctioa Dras 1 w n Model Ne LUst [ {3 L0
4000 1 12 800 18 “WFEN %ODS ¥% 32% 1314, 14% | LSC0O401 6D324 354400 $322.00 3180
$200 1 12 800 18 “WFEN %0DS ¥, N2%  131%e 14% | LSCOS21 GD323 706.00 353.00 420
6300 1 12 710 1.8 WFN %ODS % % 1314 14% | LSCO251 6D322 81400 407.00 440
$000 2 12 1430 6 “WFN DS ¥ 44k 13t 14% | LSCO901 6D32% 107600 538.00 3580
10300 2 12 1520 e “FN A0DS ¥ 2% 13'Me 14% | LSC1051 6D320 115000 $75.00 660
12000 2 12 1520 36 WFN A0DS ¥, 2% 13'%ie 14% | LSCI201 319 127200 6368.00 680
1400 2 12 30 6 WEN %“ODS ¥ 32% 13'%ie 14% | LSC1401 6D313 141000 70%.00 74.0
14000 3 12 0 54 BWEN 40ODS ¥, T2%  13'%, 14% | LSC160) 6D317 165800 829.00 920
£3000 4 12 3030 1.2 Y 1A0DS ¥, 92%  13t¥e 14% | LSC2001 6D316 2094 00 1047.00 1200
11000 5 12 3790 90 HBFN 140DS % 112%  13'%¢ 14% | LSC2701 6€D31S 269000 134%.00 2180
11000 6 12 43%0 108 XODS 1%0DS % 132 13'%, 14% | LSC3101 6D314 300600 1503.00 232¢
40000 6 12 4390 108 WODS 1%0DS ¥% 132s  13'%;4 143« | LSC4001 6D313 378600 1893.00 2700
-_— REACH-II" J1ODEL
1300 1 8 235 10 “EN ®%ID KOD 14V 159, 8% | L13A 6D333 39000 19%5.00 18
1700 1 8 250 10 WEN %ID KOD 17% 15% 8% [ L17A 6D332 40600 203.00 17
2300 1 8 265 10 “WEN ®%ID W“OD 22%  15%, 8% | L23A 6331 48000 240.00 22
~-3000 2 8 480 20 “FN #1D  WOD 27%  15% 8% | L30A 60330 61400 307.00 27
4300 2 8 520 20 W“FN %iD  W%OD I71%e 15%, 8% | LA3A 60329 176800 384.00 40
€00 1 54 135 08 YFN RID WKOD 124 -3 6% | LACOSA 50328 25800 129.00 9
- 800 1 54 130 08 WFN HID WKOD 124 814 674 | LACOBA 6D327 27200 136.00 9
1200 2 3% 265 16 WEN %ID W“OD 18 8w LACI2A 60326 37000 18S.00 14
1700 1 8 245 10 “FN ID OD 14 1042 9% | LAC17A 6D323 41800 209.00 11
1000 1 15% 110 08 BWEN XID W“OD 164  15Y% 4% | SRC10A 6D293 30400 152.00 14
:300 2 15% 205 16 BEN D  “OD 204 154% 4% | SRC13A 6D294 33400 197 00 17
1300 2 15% 205 16 UFEN I, * KOD 24 164 4% | SRC17A 6D293 4,800 229.00 21
u°° 3 15% 315 24 W“EN ®ID WKOD Jl% 164 4% | SRC23A. 6D292 58400 292.00 28
H o0 3 154 320 24 WEN 11D  wOoD 40 1644 4% | SRC30A 60291 72400 62.00 33
“ 'JOO 4 154 425 32 UWEN %1D WOD 3334 164 4% | SRC43A 6D290 97400 487.00 44
$00 3 151 545 40 BEN %ID  W%OD 3% 16% 6y | SRC55A 6D289 124000 . 33
-] o
* __LOW TEMPERATURE APPLICATIONS (ELECTRIC DEFROST) —20° YO 34°F .
. WALK-IN MODELS
#“" Faa Motor Amps Ceansctions {la} Dimeasions (Iu} Mir Stack Shpy
O Joy D e ISV ater Seetiee o 1 w " Medol () Ust fach w
Y 0 1 1r 810 09 BWFN %ODS 3% 321, 13'%4 14% | LSFO402 6D312 $106600 $533.00 420
o 2 12 1335 18 WUFEN  %0DS % 44Ys 13'%4 14% | LSFO552 6D311 132000 660.00 560
o 2 12 1458 18 BFN  A0DS ¥, 44Y, 13'%¢ 14% | LSFO702 6D310 1428 714.00 600
2 12 1535 18 BFEN %ODS ¥, 32, 131%e 14% 6D309 161800 809.00 740
3 12 2295 217 WUWFEN 14ODS % T2% 13'%, 143 | LSF1202 6D308 201400 1007.00 960
3 12 2275 27 “#FN 14WODS ¥ T2Y 13'%¢ 14% | LSF1402 6D307 2272 1138.00 1020
4 12 3060 36 “BFN 140DS ¥, 92% 13i%4 14% | LSF1602 6D306 265000 134%.00 1280
0 4 12 3060 36 WEN 140DS % 92% 13'%y 14% F1802 6D30S 2970 1485.00 1300
6 12 4485 54 “EN 1140ODS ¥ 1324 13'%¢ 143, | LSF2402 6D304 370200 1851.00 2320
8 12 4485 54 “WFN 14wO0DS % 13244 13'%4 14% | LSF2802 6D303 438000 2190.00 2320
REACH-IN MODELS
00 1 15% 110 —_ WEN  %ID “woD 16% 154 4% | SFCO9A 60302 50400 2852.00 140
2 154 210 - WEN R®ID %OD 20% 15% 4% | SFC12A 6D301 60800 304.00 190
00 2 15w 210 —_ MFN WID w%OD 24 16% 4% | SFCI16A 6D300 73400 377.00 230
1 154% 240 -_ KYFN WID wOD 24 184 6% | SFC21A 6D299 85400 427.00 2490
3 154, 2335 -— UFEN W] 140D 31% 164% 6%, FC28B 6D298 107600 $38.00 270
2 15t 420 - WEN %ID 4OD | 38% 184% 6% | SFCI5B 60297 121000 60%5.00 380
3 15% 595 —_ WFN ®ID 4KOD 49% 18% 6% | SFC53B 6D296 167000 835.00 530
2559
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ADJUSTABLE SPEED AGRICULTURAI. TN
Y FAN AND POULTRY LIGHT TRAP

T —
24" ADJUSTABLE SPEED DIRECT-_DRIVE AGR!CU!.TURAI. DUTY FAN

¢ Speed adjustable whan ysed with No. . Ut . - N
IC960 controllor (see page 2748) e g - -, @ i : MR
. e T A T T A - . -\

® All galvanized fan cons*ruction for cor. - MOEVL L Seeng
rosion protection.. . - R ey = s~ Ty - Cum
[ Automatically maintaing minimum win. . o~

-Dayton Eleetric-
::;‘;a.cxi'l::l'on requiremants and house 2 “Mig-Co, certifieq~ -

Fan is lhlrpod completely assembled jn
crate for fase, simp eulgsullntmn. Ship-

Prl‘nz Crate can be y 23 8 mounting
me 1X2° Wire mesh intake and ex- e AMCA seal. |
haust screens The l;:.ntg:‘t:‘
TENV, 12 HP, 230v, Permanent splie ;. .
pacitor Ohormollr Protected motyr with forgeg{no::cgfl:i;;'ceg:tg
sealed and shielded ball beanngs. and it f §  AMCA Publication 211 and -
automatic therma] protection Direct. b Sanougd faght g comply with the require. 16 .
dru:’e eénmmnes beltslor‘ puléeysk t::adt R - Dents of the AMCA Certje “mm———
Qeed adjusting o replaciag Gaskete . e
mmotor conduit box hag vire leads for easy b - fied Ratings Program
connection .- e . . e, - . v a e e
.:“ 0a~ cru 'éi's'-“ ' "";.:'c-m“.o 15~ Swek s
surt [ P - 3p 114 Be Ust - Each
0.57 3870 3560 5410 5150 f 3C99¢ 3388 30 $259.00

(*) Performance showa 15 for fag Bounted in crate withoyy atake or duscharge screens and without dyets (1) BHP (Brake Horsepower) iy maximum horsep
required at g delivery shown,
- —————

! POULTRY BUILDING LIGHT TRAP

® Fully assembled light trap works with - R .

® 22,000 to 1 light reduction

® No enhancer required

% 4" Wide draw along full width of bottom

® Durable weather.resistane black ABS
plastic biades

No. JFs529 LILght Trap Shpg wt 1010 Ibs

List 8516 00 ach $333.50

TO DETERMINE THE NUMBER OF LIGHT

TRAPS NEEDELThe Proper number of .

light traps must be used to avoid the ef- .

fects of excessive arr restiiction '

1 Overheaung motor/nuisance tripping

2 Insufficient ar flow (CFM)

3 Excessive building structural load

Use the table a¢ th! to determine the - - .. . ¢
{ light traps needed for . .. . -

correct number o

Your application - . - . v . ... - P RS

FOR EXAMPLE, o T s T

000

If (8) fans rated at 20.160 were  Use 1or2more Light Traps at FAN PERFORMANCE lcigoo ”,g°° "gg°°l ",2°°, mm

used Exhaust, e - |[ATOO0IN. WG (CFPM) 16.999 | 17.999 | 18.999 | 19999 | 20500
Multiplier 29 - Light'l‘rapsn!exhaustend 13 No 3Fs29 ] 7 ; 29

X No of Fans 8 Light Traps at entrance 13 MULTIPLIER 21 ’ 23 , 28 I z
232 or 24 3F529 Light Traps  Tota] 24

(°) Always yse the next fy)j Number je if results were 20.2 use 21

© EREM o =

2770 - WHOLESALE PRICES—-GRAINGER
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AGRICULT

URAL DUTY DIRECT-DRIVE CONE FAN
AND STRAIGHT-WALL FANS

48" D

-—

L, pacharge cone increases fan perfor.
pance and efficiency

All galvanized steel housing fits flush to

d pnde of building .

i, Totally enclosed motor with automatic

t thermal protection has wire leads

for @88y connechon

{an fos use 1n greenhouses, pouitry

and other agnicuitural applica-

Housing and (an feature all galva-

construction to resist corrosion in

cultural and livestock applications

fl corosion rasistant shutter is held 1n place

! uick-release latches to allow ready

N acess for maintenance

1 pwect-drive fan has no belts or pulleys to .

i adjust or r;ggace Moisture resistznt

4 rENV 1 HP, V. permanent split capac-

§ gor motor with sealed and shielded all

{ vearings Fan comes complete with hous-

intake shutter, discharge cone, and .,

4

W LY -

- crrmen To mrvnd o

L P

IRECT-DRIVE CONE F

. o

A

N

il atet screen B}

CFM O APH Shewn/CFK per Walt
X1 3 810"

Meter

’;"'

d ouis Mo Foa 018" n $rock
Bisbes A 3P 3P 3P APM Vels NP NP ' Ust Lk
850 230 1 097 | 3F521 3IITI50_ $785.00 2000

4 A8° 20 1607215 18,6501192

2

17179172 150715147

: ~BHP (Brake Horsepower) is maximum horseposer required at the air delivery shown.

36 AND 48" DIRECT-DRIVE STRAIGHT

-WALL FANS

@ High volume, heavy-duty wall mounted

= - N . 418 90—+ fan
* 0 Galvanized steel ventun panel, housing
and 2 blade propeller are designed for
- extendad life in high humidity and cor
rosive conditions
@ Totally enclosed motor with automatic
N ; reset thermal protection
Eé Direct drive, wall mounted unit for vent:
s =2 - lating livestock and p~ultry houses Fan
. comes completely assembled motor has
v wire leads for fast installation and con-
pnow nection
-7 Moisture resistant TENV, 230V, 60 Hz ball
. - bearing, permanent split capacitor motor
1 i Shaft and bearing slinger keeps out dirt
[RY § and moisture
a2
no
o | WARNING OSHA complying guards
\ .. are strongly recommended when fan 13
oo - 1 installed within 7 ft of fioor, working
. - I leval, or within reach of porsonnei-Re-
: - P ::\'n.m view of OSHA codes. -
- -— 1 —
Bade Mo o CFM O APM Stwwa/CFM par Want T stea TR
Oia  Blades Free Aw 8 0%~ 8P 018~ SP s 1257 P 015~ sP APM  Velts NP Ne Lt Cach wt
36~ 2 9620203 Q040186 829v164 7930/154 75707114 5 850 230 L2 3F527 $16800 $508.00 960
48 2 190107200 17660/18.1 16555/168 16005161 15385153 850 230 1 3F5%525 101600 €672.00 1950

rosio

n

POULTRY FAN HANGING BRACKET

@ Raplaces ayebolts, implifies pouliry fan
installation
N @ All galvanized construction resists cor-

+ @ For use with all Dayton crate mounted
N poultry fans

Sold in pairs in boxes of 50

No. IF522 Sh%g wt. 270 lbs List $447 00
Per Box of 50 Pairs $298 00
2771

SEE WARRANTY INFORMATION ON PAGE OPPOSITE INSIDE BACK COVER
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We serve customers wordwida., If your business or Praserving our environment... St
plam:slocetedmanomercountry.ourexportsefvms Ourenhmce!alog!spmledmmsoy-basedhk,whidl '€
are there for you Our export team s expenenced i Is a non-pelroleum product. In addition, thrs color You
intemational shipping requirements to handle your section and the index arg printed on recycied paper. fou:
order quickly and accurately This catalog 1s recyclable, so when disposing of i,
By consolidating your purchases with a single supplier please do 50 with the environment in mind
you reduce processing, freight, and brokerage costs. The paper company that suppties the paper for this
Whether you buy one ftem, several tems, or have a catalog 1s also committed to preserving our natural
complex start-up order with a vanety of tems, wa'll resources At least two new trees are planted for every
take care of you tree they cut down.
Hmwgl :: uug ::u Energy Right products... ENERGY
Tm‘% ’ e ol Look for the *Energy Right” symbol RIGHT /
TS ew first, then the lightning boit_¢” next \
W“H Tet e~ RBBTY, to the stock number throughout the
Traiter avec Granger Cest tacile | catalog They identity hundreds of reliable energy
GMNGER RAA4BRD. GRe’ efficient products For example, only fluorescent lamps
1 Ber Granger kaufen ens enfachs Sache! with the highest energy saving ratings are dentified,
S o even though all fiuorescent lamps are more efficient
3JANG HAHINE F Yeug than incandescent lamps —
Yq Bemmga dangan Granger mudah! ' L
m 8 Toprosats ¢ xounssmen }
Toevwaxep nercol Grainger Is a Green Lights Partner. |
W i Green Lights Partnerships o
%‘ . ' are sponsored by the EPA 2
Visa and MasverCard accepted. | ym\‘\/ (Environmental grotectron Per
oy i Agency) The Green Lights Car
For inquiries and order placement contact, Program encourages Amencan $pi
corporations to install energy !
Canada Mexico efficient lighting technologies
1-800-633-8487 95-210-717-0050 : ' { geared to save energy We
Puerto Rico, Hispaniola, ~ FAX: 95-210-717-2421 - ‘waormmiocososmor | are proud to be one of those Cor
and the Eastern Caribbean Europe, Middle East BPLY P4 ENDORSEMENT U S. corporations commtted
1-800-842-9107 and Africa to conserving our natural Thr
FAX. 809-792-6565 708-965-7600 resources
Bahamas, Jamaica, and FAX: 708-965-7608
the Cayman Islands Asia and the Pacific
1-800-897-4786 510-638-1100
FAX 305-592-9 ;58 FAX: 510-638-2582
Central and South America
305-591-2512 ’ A
FAX. 305-592-9458 (.) Printed with soy-based nk on recycled paper
A8
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Look to Stokes Seeds
for the best new varieties
and all your favorites.

[

@ Royal Sluis B.V.
Sakata Seed
a Takii
Sluls & Groot B.V.
Sun Seed
& Alf Christianson Seed Co.
8 Petoseed Company Inc.
Rogers NK
@ Other Leading
Seed Breraars

K

SN

L T ey L

Stokes IS your best source for the highest
quality vegetable seed, whether you need film
coated or pelleted All Stokes seed 1s tested for
germination and vigor before it's packaged.

r\lo matter how rough your planting
conditions, Stokes has the seed that will
perform best for you. We take the highest
quality seed from the world's best suppliers
and make it even better. .

Tell us your needs and we'll deliver the best
seed, at the nght ime and the right price!

CALL TOLL FREE

and 1aik 1o Mark Kaminski or Jim Cunning
In Ml OH PA NY

1-800-263-7233

it caling from ME to GA MN to AR
and all Stales n between

1-800-263-5733

§ Elswhere, call 416-688-4300

or Wnte Stokes Seeds
Box 548 Buffalo NY 14240-0548

REQUEST YOUR FREE 1994 CATALOG!

, FOR SERVICE, QUALITY AND NEW VARIETIES,
L LOOK TO STOKES FOR THE BEST!

For Detaris Ciecle No 26 on Postcard

- Vegetahle Grower

Group Eitor Gary Aeult

Alrugng Fa1or James € Suleckt

Ascocute Egitor Lisa Heacon

Siatf Wraer Jean D Aylsworth

Sul Witer Las South

Weslern Editor Him Moare

Western Freld Editor Dan Slephens

Eanora! Propects Coorginafor Sesan Betleley
Contndurng Eovtors Wiliam H Carison, George
Hechmuth Jotm W Iaman Doug Sanders,

Joha A. Scheenemann, Raymoad Sheldrake Je

At Ovector Wiitiam A Rigo Je
Asssstant Art Dwector Margatet) Pusias
Graphe Artrst Tracy Pigres 1

Edor-n-Cheet Richard T Maister
Eddoral Dwector Cheristls Sies

Publstong Darector Gary T Flupersd
Group Publesher Vf\itiam J Mifler
Assonute Pudksher Advertsing Daector Carel ) Schram

Eastem Nat1 Acct. Ssles Manager  Sack Driscolt
Eastern Ad Sates Rep  Jozeph ¥ Moaaben

East Central Ad Sxtes Rep  Roa Vandiver
Muhvest Ad Sales Rep  Peney | Wada!

Western fiat 1 Acct Sdles Maager Kaith 8 Chrislensen

Martetig Servces Manager Judi C Viidgren
Sales Promotion Coordmator Kelly A. Schupska

Production Darector Joan Graveno i

Production Manager Argeis Ritfle

Productron Asszsiznl Pauia Ouftey

Carcvation Derector Sus Stearas

Assistant Caculstion Muuner Kimberly A Charvat
MIS Duector Robert F Kavalecz

EXECUTIVE OFFICE
37733 Euchd Ave  Wifloughty OH 44094 « Phone 216-
942 2000 » Fax 216-942 0662 « Telex 212556MPCO

REGIONAL OFFICES

East: 317 Harrngton Ave  Closter NJ 07624 « Phone 201
768 1164 « Fax 201 768 0743

Midwest 2360 € Dovini Ave #2011 Des Plune< 11
60018« Phone 708 299 9410 tax /08 299 14
West 2937 Veneman Ave #8 255 Modesto CA 95356

Phone 209-577-0602 « Fax 209 5717 2137

MEISTER PUBLISHING COMPANY
Chawnan Richard T Meisler

Presutent Gary T Filrgenald
Executve Vice-Presdent Chartolle Sine

Ve Presstent Wllliam J Miller N

AMERICAN VEGETABLE GROWER (ISSN 0151 8345 13 pubkeshed
Ny by Meter P 9 C y 17730 Ewcind Avenve

Wdouphdy Ofwo 44094 Sudscrpton price SidpetarmUS and

possessons and Canxas S50 pev year 10 other Counires (amad)

When Cangeng your Miciess please send old and new sdoress
20 mcivce del from las! ssue Allow § seeks ke ths kst copy 0
mEh por Rew 200ress Second class pasiage paxd at Wikouphdy
Omo 44094 Pesimaster piease send change of aadiess Torm 35797
10 AMERICAN VEGETASLE GROWER Willouphly Oheo 44094

Pasrnession 10 photocopy lor mlemal or persond! vse or e sder
23 or personad et ol speciic chents s granied by AMERICAN VEG
FTALLE GROWER fov bbvaeees and oiher ysers regrsiered wih Capy
1 Clearce Cerder (CLC) proveded Arse Joe of $1 per comy of ot
Wrir pius ¢ prv poue < pant i e LEE N Compe < S
S KA 01870 Send <purad ieqacsts 10 AMURXAN Vi TABLE
GROWER 0161-894682 181 « 25¢)

Uennon of 3 procuct name @ not K0 be consxiered an endevse
ment ROr 2 SORCILON 113E i peivctect Rt been ey kel o ieied
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Un patron de carga para flujo de aire horizontal fue empleado en este
contenedor relrigerado cargado con cantalupos.

Figure 1 b.

Fig. 2. Air circulation in a bottom-air circulation
trailer.

BEST AVAILABLE DOCUMENT
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Un patron de carga en hnea central es empleado para embarques de cargas
unitarias de fresac en remolques con paredes laterales planas. Las fresas
estan cubiertas con bolsas de plastico para tarimas e inyectadas con una
atmosfera modificada con aitos niveles dioxido de carbono. Las tarimas estan
apuntaladas una contra la otra por bolsas de aire inflables de papel kraft y con
maderos.

BEST AVAILABLE DOCUMENT
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Figure 4 .--Pigeon hole pattern with channels 1n alterndate lavers and
channels down side wall.
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Electncz Dwagram

on/off swtch
[}]

N

Power Standard
Source Jurcton Box
b == =
t 7 t

H p——-

Z
N\
Twner
oM Thranostat
=1 =
- ¢ 2331
== OFF
===
Aur
Conainoner

2 sinp heaters

N

on/otf switch
2

All el=ctnical companenty should be proge lv grounded
and waring snould «omplv with nauonal and local eleeincal
codes Consult a licensed electncian for mare nformation
3bout how 10 1ns1all ans components of the etectrical
svitem

The Portacooler can be powered [rom enner an electneal
wall outlet or a gasohine powered generatos The main
elecincai connection from 1he power source 1s sphit to the
sndividual swirches From the swiiches the power travels 10
the blower and 10 1the 311 canditioner The inp hesters and
he Liermostat are mired from the nmer The umer creates
8 defrost cvcle by alternating power {rom the compressor
1o the sinp heaten (An intensl of comprewdr shutdown
ume thould be approcimatelv 2 ¢ minutes ounng every 10
minutes )

Once the cooler s a1sembled and the elecincal com
nents hooked up mount the air flow bulkhead \Mount the
bulkhead with blower discharge hole Nusn with the edge of
the blower discharge ailowing 3 6 inch higa return air gap
alony the floor

All wood surfaces should be coated with colvurethane
'Il;d an all weather sealer 1o prolong the usetul equipment
hfe

\Vhen comple ed the Portacooler will ptavide larmers
and small marketers with an inexzensive w2 {0 femove
field heat and prolong the shelf life of theyr truils and
vepetables

General Matenai List

air conditioner 12000 By 115V
centnfugal blower 1/3hp 1210c{m
20 amp walt switch with boxes and eovers
3bvB (1 evtenior AC 1/41n plvwood
lumber 26y 3un B ftlong

lumber 2 bv 4in 12 (tlong

lumber 2bv6:n 8 ftlong

industrial wheels $ in diameter
industesal wheels S in diameter swivel
drv wall screws 2 172 in long

dry wall screws 1 1njong

watet tealer

polvurethane coating

weather stnipping 1 «n wide roll
msuistion 21n 4 by 8 {t sheets

174 in plvwood 4 1n wide sinips

door fatch shding bolit

thermostat 115V 16 amp remote bulb
strap hinges screw fastened 3 tn long
lumber 2bv 101n 3t long

standard junction box

stnp heaters 150 watt 8un 115V
insulated wire

ercle tmer SPDT 115V 20amp 1 hour

uuuLvUUuULULUUUULUYUUUUIUY

Yo o—
10 = Gt O = D e e

3ib

BEST AVAILABLE DOCUMENT

United States Departmert of Agnculture

Transportation Tip

The Portacooler

A Portable Inexoensive Farm SBuit Precoorer

From the ume af harvest fruns and vegetables teein a nat
ural dechne in qualits \When a product 1s harvested nield
heat—the heat that the product hoids from the sun and out
side temperature —is usllv high which results in an
ncreased rate of respiration and greater detenoration This
decrease n quahis cinnot ¢+ prevented but can be slowed
bv rapid temperature reduction or precooling soon after
harvestine

Farmers and markheters can protect their ha—vested fruns
and vegetables sucn as berries and other hign value crops
by building and using their own pottable precooler The
Portaconler can easity be utihized by small farmers and
tosdside marketers

The desien ot the Portrconler s simple It can be built
with tools commoniv found in most workshops A hammer
dnll screwdriver circular saw and a tew other construcuon
essentials are the oniv tools needed for the project \Most of
the matenals can be found around the farm bought from a
local hardware store or purchased from an equipment cat
alog A general list of the materials 1s on page 4

The matenal cost 1or construction should be around
S1 200 (Julv 199" pnces) Since an au coadinioner s the
most expensive component a used air concitioner will
peeatlv decrease te §1 200 tniuslinvestment The iminal
cast can be expeciza 10 be rezovered througn increased
sales and profits rom a higher quality proguct that has a
longer sheif hile

The structure ¢ the Portaccoter is a hasic aood frame
and pivwood pars construction isee diagram on inside
paees) The outsics dimensions of the cooie” are 4 feet hiy
bydfeetwide b <feetione Taeiramesageof 2 by ©
spiced 2 [eet on z2nter excluding the doorsav and the o1t
condianer spa-e The frames are sheathea with 174 incn
ptywood The ‘rame and sheatung are (3t ened unine
2172 wnch and | 1~ . drv wai' screwd respes ivels  Insutar
the precooler w: = 2 inch thica plastic foam that fits firmb
between the fra== studs

Aller the [ram= 31d sheathirz steps are comr'eted
wristali the elecirzal compone=is 1see dragram on page 1)
The standard jur:z 1on box power switches anlv cvele
timer and indus nal theemos at controi bos snould be
mounted on the outnde of tb2 ront wall near the 2ir cono
tnoner  An adjus aole indust-ial thermostat must be con
nected 10 the Jir conditioner A replace the susung the m
stat  Mount strio nzaters usire copper wire so that thes
contact the coourz zous of =3¢ conditionesr Mount th
binweron the tro~tinside wa ! .=ntered aoore the 3ir co
dimioner so thai t~2 plower divznarge 13 12 9zhes below th
inside cealing

USDA/A! 1S 1s coraucting final tests
of the Pontacooler Identical coolers
are located on farms in cifferent
States A publicauon will be released
in eerly 1994 with information on
precoolirq, compuation and analysis
of the cailected data, grower com-
ments, end an economic

analysis

The design construction and research was conducted by Joseph Anthony, C2-aid Bemey diiam Crarg and Darvel P

Scholer For turther information contact USDA-A

gncuntural Marketing Service-TMD Distnsunon Service 3ranch £ O

8or 96456 Wasrraron D C 20090 6456 or zall 1202) 720 8357 or (101) 502-2784



Corrugated
medium 33 1b

Figure 1.

Compresion. Estas cajas de melones no tienen suficiente fuerza para resistir
mucho manipuleo y sl peso de los demas contenedores encima.

Figure 2.

BEST AVAILABLE DOCUMENT



Impacto y vibracién. Estas cajas de melones se movieron durante el trangporte.
Las cajas no tlenen suficiente fuerza de compresion para el apiiamiento
trasiapado que se empled para proporcionar suficiente circulacién de aire
entre la cajas.

Esparragos empacados verticaimente en cajas de plancha de flbra
impregnadas de cera, totaimente telescopiables con apertura para permitir la
ventlilacién de! calor de Ia respiracion del producto. Una aimohadilla humeda
38 encuentra en el fondo de la caja.

Figure 4,

BEST AVAILABLE DOCUMENT
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Caja totalmente telescopiable de margaritas gerbera. Cada tallo se pasa a
través de un agujero de un sostén do plancha da fibra que posteriormenta se
ngrapa alos lados de Ia caja. Los tallos son asegurados poruna abrazaders
de espuma de pollestireno que tamblén proporciona fuerza de compresién a la

caja cuando ss apila,

LI l

fLI™ ‘

closeable
flap

BOTTOM

9 BEST AVAILABLE ROCUMENS

i
3" dia. holes, both- ends

Full telescope design box with vent holes

Figure 6.



FRUIT & VEGETABLE, PACKING & PROCESSING EQUIPMENT
. WATER DUMPER < A L ~ON
CONVEVORS - o =

CHAIN SIZe.
SORTING ROUS
CLEANEAS
WAX
WASHER
WATER EUMINATOR
WAXER
HOT RIA DAYEA
POWER TUANS
COMPUTERIZED SIZER «
COLOR SORTING
TWO WAY sar
TRAY PACKEA
CARTON ALLER
ELECTRONIC BRGGEA
8IN FLLER
AROUND TABLE
BAG CONVEYOR
BAG CLOSURES

ANPODOZE X _TOmaOAD

MICHIGAN ORCHARD SUPPLY
SOUTH HAVEN, MICHIGAN

07078 73%, STREET e SOUTH H‘AVEN. MICHIGAN 43090 PHONE (616) 637-1111 o (800) 637-6426  FAX (616) 637-7419
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Fruit/Vegetable Packing &
 Processing Equipment

COMPUTERIZED SIZER - POWER TURNS
HOT AIR DRYER — COLOR SORTING

WAXER

WATER ELIMINATOR
WASHER
WAX =

° . L
CLEANERS —— ﬁ % :
~A ' N d4 ' ' :
SORTING ROLLS = A 0 ' @.&‘J WAY
e S :
CHAlN SIZER \ p f \;..l ) 1 4 ) —— .-.;’ BELT
. y Sy fﬁ ' qﬁ S
WATER DUMPER — TGN 1.‘“"’&' e
“-\*Ef*.: . 'y S '
. DY N ‘
L= . N 'y S TRAY
b@ N A : m & g ¥ PACKER
r/@{ - 7 \ .7 CARTON
. < . ; A
] o . .. Y %
IO
|

3 -~ o P ! o f

Hemg s, ! ELECTRONIC .
U 4D % N : BAGGER .

'y« i ) N

WE DESIGH, INSTELLAND
- MAKE EQUIBHIENT 70
FiF YoUR m@m APPLICATION

= NOW iS THE TIME TO CRDER...

STOP BY AND

isIT us = WE SHIP ANYWHERE!
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o SPEED:25 Feel per Second
® DISTANCE-Up 11,000 Foet—> - I |
® CAPACITY:Up to-1 Ib. por—sfid |
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wiring
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couplngs .~ $R00 == . i . £
24° racius w/2 couplings ....... 29.00 g TY?E:ST-ATTON.\-\
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Steck Al Widh Capoc. | Skits Wheels (] 21 Nylea | 62-Piastic | 43 Sheet
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w2z [aweig | |15k 7 20 s | 1w | e
14224 g-2¢4' 20 L o1y | 1379 >
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27 [ | & (1758 ¢ 310 " "3 ]
14229 g-2¢ 350 1108 1182 1242
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GRAVITY WHEEL CONVEYOR

e~~~ CHOICE OF STEEL OR ALUMINUM 7.rs. oo

USE SKATE WHEEL WITH PRODUCTS WITH FLAT BOTTOMS
They 8o used whers fast Instaltation -

S B = and mammum versatilityty desirod. Thay - — 4 h em
] 3\, 1%Guire less prch than rolfer conveyor e A
b OVERALL WID TH *=—rremee
3 pe -
[ » ¢ L s
A . 1204
| - BOLTEDCAOIS itdeRs ~ -Ag."
- | o
: WHEELS--Are Alumiinum or Slaet
1 151¢° dlem. sosled ball bearings
with hardenod recoways. Axles are 1/4°
) ~  dlam. gahvanized steel bolt wiotk nut.
mzumnmm
12 gauge gaiventzed stoal.
ALUMINUZ—is %*° thick Moot treated
formad channel. Both types coms with
boitsd croes mombaory end ook on
. onoend end rod on other. -
par foot is detormined . CAPACITY—
by your smallest packege. STEEL UNIT8—~50 Lba. por wheol.
- Ther should be a minumum . . Framala 60Lba.porfoot - . .
O'Qhwl_l_hgﬂ "_fm._ e L _." . ALUMINUM UNTT8—25 Lba. per whee!,
) - = e D ¢ — .._'_..:.Frmh_ul.{n:wlmt' -
~~ _STRAIGHT SECTIONS & or 10° LONG " -=-"CURVED SECTIONS 4’ OUTSIDE RADIUS
wans NVEYOR CONVEYOR ST ovemaly BOO8. 3 rocs
woT™ jrmarT w&?.‘&”%mm{‘&“wm Foa mmo?én‘“ﬁwmgw
10 1800512110s 70 $121.00| 19008121%e 37 0 1 1280 70
127 1 12 | w0810 76 ynoo| wosizs 3 :“;.; 13° 45°  18003C124% 3§ “;1‘2 :
T 7 50| TSRS i 13001 W TSR @ isz00]
18 13 | 18003184100 s :;‘;go, 100031848 ¢4 no 18 e 10008C18450 @ ‘%,.9?
w | 0 ] 100082510 88 1sapo] TRORBT 33 TR0 .
24 20 ol 13005240100 108 208.0| 100052408 57 7o 24"

9400 |

10 1200412110 37 10100 1900A1Ne
12° | 12 § 2ooazno 3 17400] veouin N om 12" g
17 1000A18310 2 $00ATE — TROOALTRSs 80 18800 | :
13" | 16 | recoassaros .‘: ;ﬂ: ::m:u. : .‘?123 . 18 :: 10004C1M4Se : Iﬂﬁ
.1 ® ] 10 81 200( WROS 20 13800 B - (T R Y.
24 20 | 1000A248100 35 26300| 1500A248e 3 14000 24" “° 100AC244% 83 14100
™= ADJUSTABLE KT. TRIPOD STAND ADJUSTABLE “H" SUPPONRTS

Forfmlmnﬂauonolgnmy whea! or 14" diamoter
roiler conveyor Always order cre more stand than
Conveyor sections Shipped wia truck only  £06 AAx

For permanant installation Channel sonstruction
with pvot plate that boits to conveyor rall. Bass may
be beitad to floor. All in stock. FO8 ARK
HEIGHT IS TO TOP OF SUPPORT
ADIUST VR WIDE: 7187 WIDE * 26 WICE" | PRICES, 3
= AMANGE® t: 'MOOLL:NO.  MDOCLND' . MODEL'ND:  EACH -
10°TO 137 WIlHZ W02 W02  $20 00
13" TO 16° WI0SHI) WI000HB WGl 2200
W TO22® WM  ¥NE0OHM WM 2100

. - - rem—

127 WIDE ;' 19° WIDE ", ‘24 WIDE " PRICE'
1 ODEL NO.,“MODEL NO: "MODEL N EACH,
70 15" w0l WIOTIk1 Wisd0l26-1 §2100
15°TO 2 WIB00T12-2 ¥naooTio-2 WIgoT™N-2 400
21° TO I WIBOT12-3 ¥AZOTISY WIS0OT3e-3 300 A .
TTT 704 WIXOTIZSG  RNEOTI4 -WJI00TM 2200 NE SHP-- - - 207 TON" WIS -\ 100425 - WIKOMS 2300
I TO @™ WINOUTI2-5 WASOOTIS-S WANOTN-G ano gl 24°TO " WIS Wit oIS 2800
ALLMITOCX. . . 577 70 107~ WIKOTIZ6 -WI00TIOS we00TeS £700 ALL Y STOCK 34° TO 40" WINOMIT _ ¥NE0GTT . WISODMY?  JO.CO

o ADJUSTABLE GUARD RAIL] CONVEYOR FLOW RAILS You can creaia your p
g8~ —Prevent packages krom sliding own conveyor systam or floor reck by using our gavenized

oft whesl conveyor stest rells with 1 3/18° wheols cn 3" cen
J Inner and outer nailg for curved - - .~
== andstrsght sections. Adjustug/§- - ~ . O N

" ONEGUARD AL Y. " PAR OF GUAADS, ,
Qur . PAILE | BOTHSIDES - PAICE
-.

Qan
LONG ~ 7 1500GC10t e~ —* ¢4 00
s"LONG " "11-‘"

SUGGESTED PITCH;.
STROR L,
WHEEL CONVEYOR
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¢ Versatile
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AOLLIRS | 3/3°x 18 GA. Steel, Galvanizod Stesl, or hest troated
Aluminum tubing with smooth swagad ends,

" g9 - bt L
-

r mwwwmaw‘n'm% 'ﬁ
“IE formed heettreated Aluminum chennel 2 1/2° x 1° 2 107, .
83 BEARINGS intzgra! plain ball bearings, zinc platad, groces =
) pockod. ., -
i COUPLINGS Mook and Rod car
Mvrammmmmw w‘
CAPACITY STEEL —80 ba. per roffar or max. distributed (ive load il >«
of 750 Bs par 10 section or 1200 R, per &' section, 1 P
MWINMMWWNMWM}OMNM loac
[ rbcporwucuonovwotba.purm . FOB
. 708 AR
STRAIGHT SECTIONS—3’ or 10’ LONG - Ro
wi
-[  <STEEL ROLLER—STEEL FRAMER HALUDINUM ROLLER—ALUM. FRAME} ‘
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! W e 1501015 10 s22900] & BT . N M| gp [378500| 23 |814800 1
; T oMMty | 3500 % > 104103 [ g4 17300 1 noo
440 0 11348 or 105800] B o A4S | o9 19000] 18 .00
' 127 ¢ o 1moug % | so00| 30 | &7 127 | o A4 | o2 | aai00] 16 | sam0 —
N r e 1¥0-12¢ 80 7800{ 29 v 1X0A-1249 2 10600] 13 3800
L . 127« 10G-12.12 o 0800 29 A "7 130A- 12412 7 000! 1 4000
) W e 1018010 [s77700] 77 Bresco me WA T eea00] 37 [$18800 1.
i T v | ol 5 | sses > 1A-%3 | o [T2420] 2 | m1200
i w | O o ] | mp] @ | e w | 4w 1ML | 59 | 1e900] 19 0700
1l 18 ¥ o134 | o7 | o500 15 | s700 18 P 1WA184 | 3 | ea00] 17 [ 700 (__
r e 13G.104 | o3 sanof 20 $0.00 " 1841849 | 12600 18 ¢8.00
a= 17 e 1201012 g nooi o 20 1 138A-18-12 | 2 10400{ 13 58.00
! " e 102131 100 l3x2000] g 16800f 1% BM-4-13 g3 [343800] o |$22300 1¢
‘ j ¥ o 13M3 | 113 [ 19000 61 | 10000 . 'l WAL | gy | 25700 » 13100
n | o 0 m0nasf 2 | wusoo] o | rees dws ISANAS] g | 20000] 2 | 10200
: 24 F© ou04 | g1 | 12100 o3 | esoo 24" | & 144 | 3y | ve200( 7 | #2900
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; T e 1G24 e 88001 35 [ 4700 "“7r LS § 1300 47 €6.00
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'. - CURVED SECTIONS
i -~ - | STEEL ROLLERS AND FRAMES ALUM. ROLLENS AND FRAMES —
T racs AL | Daomed 128 cR
, socm . | ww | axew - YOTH Jcrasve | rormed | woa | macw ac
1330C- 200 | A $11200
‘ : 'moc.g : 198100 12° : m'n.: 2 (2]
3 ALL CURVES HAVE A ¢ - = 3w |--—o] &
] o 1oCien e i | - -OUTNIDE RADIUS 18° o rervstredil oyl bt
" CROC-ME g 13400 CUAVES HAVE ROLLERS - - TBAC- 18D n 16409 3
TR0 m | 20] 0Ny ROLLER canTERs ol o BuCuD o | waw 3
i
ADJUSTABLE KT. TRIPOD STAND ADJUSTABLE “H™ SUPPORTS —
Forhnlmunauono(gr:vftyuhodoriu'dum g For parmanant wnstallation. Channel construction . N
connyorAl'ny-ord«ommonmonn i wfmptvotplamhnbomwcomwmemuM
Cconveyor sections. Shipped via trock onty, - — £8 Lo boited fo floor. AR in.stock_. e pe
— ALL I BTOCK. O3 AR . MOGHT I8 TO TOP OF BUPPORT . ct . Rg,,"(
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> SO VAL HE S A B LT e Bl — -
T~ 1.0 DIA. x 16 GARolizs .b:.ma.man;lv::';‘.‘.":;_. 212°z11QARoRr , [P am
_ CAPACITY: 250 . per roior wah 1300 a. maximur dieyutsd Bvo . wmmmmmmw&mﬁau:
food par 10" aacton. 3200 3. medimum datriutod fva loed per & , ' kood par 10 secion, 7400 B, <7 g
ection; sacton. ummmedmrw&'zvdzamwm"" ooction, Mmmwmrmmzumwmﬁ*’? |
d e 1024 02 500 rmmachmmmswntnnom.mmomm anmdmydmmfumnnmmemm =
wmmmmmmmm:-ﬁ‘__wm Mmmmmw 200, 4
FosaR - - R e ' CFOBAR = vt S .- -
£08 ARX. bl X
Rofler Bstween | Stock Roller 10 FT. BET. Roler Batween | Slock Polar 10 F1. £F1,
FRAME Width Fremos [ Number  [Conters |Wgt gt Width Ralls | Mumber | Contors [Wgt Wt
Lba. | Price {Lbe.|Price Lba.| Prico | Lba. [Prico

o 1685100% | 3 168 |$100. | b4 | s08 231913 | 5 |342 | sa80a | 174 | 8228
: . a |106S134w | 45 |1e0 | 184 { 7V| TR . o | 250134 | a5 |281] 327, |14 | 160.

z |00 12" 113 1631382 | ¢ (118 ]| 128 | o[ er.]} 12° | 13 21818x | 6 |M0| 201|114 ] 122

% ;:m '1m1:m o 102 | 111. | 52| e . 318130+ | o 18] 4| o7 ] 112
% | nx wsinw | 17z || o (4] @ 213200 1z e 107, | 04| ea H,
n a”mm 198313« | 3 178 | 8212 | g0 [s107. 213189% | 3= |73 | sa7m | 191 sz

- _ . [1968154% | a5 152 ) 161, | 78] o2 . w | 25151842 | 45 [s0s| 248 |157 | 100,

o [s10300 14 115% fusesisin | & [12¢ [ 130 | o[ n]| 14% [ 15" |2sisisan | & |27 | s |1on | 1oe: x

2| 'ex 1065159 ( ¢ 108 | ve | 35| & 218150 | o |200] 224. 104 | 118,

a1 7 168515122 122 | o7 | e |30 6. 152y 12 |10 ) 174 | 50| soa.

A [ 0000

13 | s000 :@st > 202 | s22e. [102 (8197, 251:1'3* X |43 | 820 | 223 [s2ce.

*| 45 |1ea | 172 |es| . 2181040 | ¢85 [as3 ) 32 181 | 187.] |

2 Ee 18" 119" Jissstoon | o |13 | 12 || 7)) 18° | 19" | asisisen | & |29 o |iS | 1o 1

n | w2 1965150% | & |17 | 121. | e0| o5 25181%0% | &[22 | 245|118 ] 130, i

n ;‘.?g 10651912%{ 122 Jio | s | 53| s 25151912] 1 [187 | 132 | o | sea.

18

17 | ea00 1965253 | §° {240 | s257. [122 J$1:m. 2515283 | 3 |30 #sos. {271 [g30e.

. w |1985254% | 45 {104 | 102 | o8| o8 . . | 25132%4% | 45 45| @38 {219 | 213
24" | 25 19652584 | & l1ss| 1w67. [ | s.]] 24" | 25 2515250k | & |30 343 j188 | 173

. ‘ :m |12 132 |es)-n. . miseson | 9 [297 | xrs [135 | 148

RAMES | 9652512%| 122 |12 ]| 107. | 57| sa. :i1s2812¢f 122 214 ] 210 | 113 | 108

T ] rexcs 1963313 | & 278 |s270. |140 {9142 215303 | > 625 | sma | 320 [s340.

Y e . w |196S314x | 45 228 | 208, [114 | 104, . s | 2180 | 45 [497 ]| «os |25 | 241
i 30" | 31 1965316« | ¢ (174 | 170. | o8| e }] 30° | 31 2s1S31ex | ¢ |00 3220 102 108
ey 1wesnieow | ¢ har | des. [ 2| . 2130x | o= |28 | 912 [188 | 13
=1 . 183112 12 |12 | 15 | 2] eo 2515324 122, |22 2. 128 ) 118
00 T o
— 3 ¢ 116s373 | 3 [317 |s002 {100 |$154. 21973% | & |18 | o7m | 388 [s3ea.
booped - w |1965374x | a5 257 | 224 [130 ] 111, . o | 2515074 | a5 leaa| g51. (250 | 280 "

36" | 37 1969378 | 6 |19 | 102 [es(soa]] 36" | 37" |2:s1mmex]| & [a19] o0 [28] 217,
1908379 | v [155 | 152 | 70| 381, 2515378k | o |330) o4B [174 | 182

TS 168320 122 131 | 122 | 67 ] g2 21524 12 |200 | 200|143 | 131.

i construction N .- )

wrailBasomay | - T -B.Cuvad Sections: Hive 78 177 nekdoradius - -- - — _C: Adjustable Heigttt Supports-8alt To Floor. i

POS ARX - =P 10 30" rollars 30" ond 36" have & makdo redhug - - -~ - - - - For 1.5° Dism. Rolier Conveyar For 2 12° Dizn. Roler Convoyer
B Nominal Width M X18GAR IR Dam s 11 GA) - — Ralght TaTop | Pice | B ight To Tep | Prics
’ Rofler Betwoen [ 80°Siock | 80°| 90" Stock s0° | Numbar Support Eoch Mm’—h Bach
Length Ralle Number Numbor |Price|- :. [ an TUEOW (st | oo 1ww;‘_ %
12 | 137 [106SC139S+ [8181] 2515C1395% |$265. Sox | wwnw | no | Sor | ¥
140 | 15 1196SC153S* | 182, g,ssg,m. el - S | DWW | a0 | swx | ey | 20 :
. 19 1965C1955% | 131] 251SC1995# | 312 --- S DWBUC | 390 | T8x | B9 | 1IN0 .
24 | 25 11965C2500w | 248 2515C2859Sw | 268 T | SMix | MkBUC | ne | Sex | paexw | 1w .
0 | 31" |[1965C3190% 231SC3190+ | g3a]| 1 | SMTx | Mikdsue | wo | Sor | smnixe | am
36 | ™ |196SC3T90+ 251SCA730« | @90, ..o Spsdily Witth Betwsén Framec. RAND [ 87 ] g
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‘ CONVEYOR I
CAPACITIES FROM 300 to 1300 LBS.- «°- -

"MODEL 180035088 ~ -
Modular construction—can be sdded to for: . -..~ - . QUIET  ATTRACTIVE :
future oxpansion All units are shipped T e e
partiaily asssmbled and are tested prior to - '~
shipment. - .

4

HORIZONTAL POWER BELT

.~

A ol - -
Ve N
PR ™
HOURD

-~ -

- ree dog

2. INCLUDED IN PRICE - -

- STANDARD SPECIFICATIONS ™~

“~BELT: ‘Black friction surface ==~ -

¢ PACKING v

=PVC 120 B S, o TESTING -~
BED: 3" x 1%" x 10 GA. channel o INSPECTING °
frame with 14 GA. slider bed o SORTING

” SUPPORTS: Adjustable legs 31~ 15 40~ are ;
included n price
MOTOR: Standard 1/3 H P. motor
...{one direction) 230/45073/60 . _ _° . . -
optional 115/1/60 add $88 00 st No 1800 H113
BELT SPEED: Standard 60 feet per minute

CONTROLS: Not included—see options )

-,

* MOVING

Y. OPTION REQUIRED 1S CONTRO

- NET PAICING FOR COMPLETE CONVEYOR — -
SPECIFY BID LINGTH & BALT MIDTH — SHIPPED KLD., CRATED, FOB ARK

9.
OPTIONAL:HOHIZONTALTEOUGH BED CONVEYOR ovanuL fur | wear| wear| swar| wxonr
"A* . " BED T b2 50 | D | 3 pen
Same speciicatons and prces as § | 8112000 [$116000 |$134200 |$132000 | §1414.00
i conveyor above, except sides aro w0 1150.00 { 131100+ 143000+ 156800e| 170600
e 2 1/2° high. 13 130000 | 148400 | 1631.00 | 181000 | 2001.00
20 | 140300 [ 159100¢] 1812004 204400e| 229500
To handls emafl parts, cartons or| - 2 151500 | 171200 | 200700 | 228900 | 258950 |
crap pzper. = x 1610.00 | 1870.00* g‘ng- 252200+ 22200
3 | 172800 | 202200 | 238100 | 278800
Unds supplied with floor supports or «© | 142800 | 214800¢| 2583004 3000.000| 348900
ce S | 1941.00 | 20000 | 7757.00 22000 [ “S7e300
50 | 204200 | 22800+] 2983.004
el Specty S No_1800250TB  Ben 215500 1-24£0.00-{3133.00-} ~3726.00- |435100.{
and length or 2311.00 | 230000¢ 3421 408200ef 4788.00

|

ARkuLRRERSE
CELEREL

!

GREATER CAPACITIES

FOr 1 Detwesn 328 ULs nex) WIQer SUS price
Gresier ngihe ang widlhs sv.ssbis

- ———

\wors-. ONE DIRECTION END-DRIVE® CONTROLS for230/460/3/60 conveyors
» L~ - ACITY AT » fTOCK oeTioNAL] (MAGNETIC STARTER~One direction for 230/460/3/60
car ToTALloAD  mWOTOR sumszh TRt ] [volt conveyor NEMA 1 sTe.wo usomso ... . . $23800| -
- r--"l o 300 Lba. w Stancsry | 1110 Voit Pushbution (ON/OFF) sTe wo. 1339 09e1  $74.00
r 400 Lbe. - v2 1800 M1 $2300 -
1 \ 573 Lbe. e 1600 H2 .00 GNETIC STARTER-Raverung for 230/460/3/80
[c-J¥ % 1 1000403 o CONvayor NEMA | st %0, 103982250 ... .. $49110 .
1100 Lis. 1172 18004 IO | {110 Voit Pushbutton (ON/OFF/REVERSE) sTiL. 0. 1000 R A
“B” | 130010e 2 100Hs M200 [P, e o o ... . 38700 i
S | DU | PUSMBUTTON~Ona direction for 11871760 L
) CONVEYOr GTK. HO. 1008 P3N ... . ..... eeerens ... §7400 ,
1= = e e e e o DRUN SWI7CHl—Raverung for 1151/80
1 ° y CONVEYOr STILNO LI081 +eveercveiennnnns oos $80 00 ,
- v \ e {
OPTIONAL BELT SPEED-STANDARD 60 FPR FOR REVERSIBLE CONVEYORS OPTIONE
X1 2.8 1~ t vAPIABLE SPeED PR ——— CENTER DRIVE IS REQUIRED ‘
. *| Min cpcoa 8 FPM, Max 22 FPM  woove $378.20 [— ¥ MO, muce ,
Min 3p0ed 16 FPM Max 4SFPM_ wonve 37000 V5 HP 300 cap 1800CDBY  Add $349.00
uwwnuauu:m - |12 HP a0 b cap 1800CDB2 Add 900 - I
Min speed 8 FPM, Max 38 FPM a0 v $1080 WAHP 875 ® cap 1800CDBI Add 43300 !
Min speed 11 FPM Max. 68 FPM 1000 vea 1030 1HP 725 ™ cap 1800 COB4 Agd 578600 |
em e T - : "RAND [(89 ] ||
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STAINLESS STEEL
DIGITAL SCALE
Dosigned for

taboratorice, pharmacies,
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1 tocareio {®ing opersdon or porfion contred I on scole
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cepacity Scale can sustaln overiced oot woight Loge! for radaplstiomn 4
. —~wihout darege to.calbreSon. Casa. ib cant T16"high, 197wide x 28" deep WA 132003 FOB

- Eamimi W non swivel @10 hookFOB NY ga my emosses gacs. 204880, + < . .-

@ . e ST - - - v e -
Capliarteat] Wdke | W ot Somme By .'..'T“.
120 _J17ve | M [s820. S me— — U o TRl
w0280 |17we | 2
2000300 |17we | N
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NIC COUNTING -~ o . i
AND WEIGHING SCALE  PARCEL POSTAUPS
‘Weigh and Count amall Pasts Fester ond

eccuretety. bmmmmmqh of $9 xmost economical method.
magmummw

more  COMPUTE 1id COMPARE ratas for quick seico- I}
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