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I. INTRODUCCION 

Durante los Oltimos 10 aios, ha habido un desarrollo significante de la industria de
exportaci6n de productos no tradicionales de Centro America. Muchos cultivos 
han ido de poca o ninguna producci6n comercial para la exportaci6n en 1984 hasta
voltmenes muy altos exportados en 1993-94. Ejemplos notables de productos
hortfcolas que se han expandido en forma dramdtica durante la d6cada pasada en 
Centro Amdrica y que ahora son productos principales de exportaci6n son: mel6n
cantaloupe y honeydew, pitlas, arveja china, esparragos, moras, frambuesa,
cebollas, mini-vegetales y flores de corte. Tambidn hay proyecciones favorables
 
para mangos, ciertas frutas tropicales, alcachofas y flores tropicales. Hay

indicativos de quo la industria de Exportaciones Agrfcolas No Tradicionales
 
continuard expandiendose a travds de la pr6xima d6cada.
 

Los productos de Exportaci6n Agrrccla No Tradicional (EANT) consisten casi 
enteramente de productos hortrcolas altamente perecederos (i.e., frutas, vegetales,
flores de corte). A casi todos estos cultivos es necesario remover el calor del 
campo inmediatamente despuds de su cosecha para poder mantener la calidad del
producto y su vida en el mercado. Asf mismo, es esencial el no romper la cadena 
frl'a durante el almacenamiento y el transporte. 

Muchos productores de EANT en Centro Amdrica no usan procedimientos de 
enfriamiento poscosecha y almacenaje apropiados. El resultado es, producto de 
menor calidad que la 6ptima a su Ilegada al mercado de destino, y en algunos 
casos, envfos 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 exportaci6n para productos de
 
extrema alta calidad, al contrario de aquellos encontrados en los mercados locales.
 

La competencia para los mercados, lucrativos de Norte Amdrica y Europa es 
intensa. Cada afio mds productores dentro de un pars y parses adicionales, 
exportan productos hortrcolas. Los compradores demandan el abastecimiento 
consistente de producto de alta calidad.. Si ellos no pueden obtenerlo de un pars (o
proveedor), lo obtendrdn de alg~in otro. 

La inversi6n en infraestructura poscosecha es comOnmente no considerada como 
un componente esencial para los negocios de exportaciones de agricultura no 
tradicional. Consecuentemente, se pierden considerables ganancias de mercado y
ocurren pdrdidas econ6micas significantes. Para poder desarrollar una industria de
EANT m s sostenible y provechosa en Centro Amdrica se necesita un esfuerzo 
continuo para convencer al productor/exportador que la inversi6n en infraestructura 
de enfriamiento y almacenaje es tan importante como cualquier otro aspecto del
negocio. Las inversiones oara guardar la calidad en la comercializaci6n de las
frutas, vegetales y flores despu6s de su cosecha no son gastos. Estos se pagardn 
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asf mismos en repetidas veces. Hasta una reducci6n parcial en perdidas de

poscosecha pueden mejorar significativamente el retorno neto al productor.

dicho "uno debe de gastar dinero para hacer dinero" suena muy cierto en este 

El 

negocio de perecederos. No obstante, para muchos productores de escasos 
recursos, la inversi6n no parece ser justificada debido al poco volumen de producto
cosechado. Hay sistemas de enfriamiento de bajo volumen y bajo costo
disponibles que pueden ser construidos fhcilmente. El objetivo principal de este
seminario es compartir esta informaci6n con ustcdes con la confianza do que el
manejo mejorado y las tecnologl'as de poscosecha serdn adquiridas. 

II. RESUMEN DE BIOLOGIA DE POSCOSECHA 

Es necesario tener urn entendimiento bdsico de la biologla de poscosecha para que
sistemas de enfriamiento apropiados puedan ser integrados a la operaci6n general.
Productos hortrcolas frescos son organismos vivos que contindan respirando
despuds de su cosecha y padecen todo el proceso fisiol6gico asociado con la vida.
Ellos son susceptibles a podredumbre patol6gica y estdn en un estado continuo de 
deterioro. 

La vida de almacenamiento de los productos varia al inverso con el grado de
respiraci6n. La vida de almacenamiento de productos como el brocoli, arveja china, 
moras, alcachofa, esparrago y elotillo, los cuales tienen alto grado de respiraci6n,
 
es corta; y aquella de cebollas, calabaza, hiame y crtricos, los cuales tiene corto

grado de respiraci6n, es larga (Tabla 1). 
 El mercadeo exitoso en la exportaci6n
depende de la reducci6n del grado de deterioro y podredumbre. Manejo apropiado

de temperatura as el factor Onico y mds importante que influye en la vida

poscosecha y calidad de mercado de un producto. 
 La remoci6n rdpida de la 
temperatura del campo del producto es esencial para preservar la calidad de

mercado de los cultivos horticolas 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
 
despuds de haber sido cosechado. Cada.10oC de reducci6n de temperatura
disminuye la actividad respiratora do 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 mcs larga sea la demora on el 
enfriamientc despuds de cosecha, mds grande serc el deterioro. 

La cosecha debe de realizarse en horas tempranas de la mahana para minimizar el
calor de campo y la carga de refrigeraci6n requerida. Los productos cosechados
tambidn deben de ser ocultos del sol hasta que sean Ilevados a las instalaciones de
enfriamiento. Producto expuesto al sol puede calentarse mhs de la temperatura del
aire y exposici6n directa con el sol puede causar quemadura de sol. 
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Inmediatamente despu6s de enfriarse, es esencial almacenar y transportar el
producto a su temperatura y humedad optima (Tablas 2 y 3). 
 Los beneficios deenfriar se perderdn si el producto no es refrigerado apropiadamente despuds de su 
enfriamiento. 

El componente principal de todas las frutas, vegetales y flores frescas es el agua.El contenido de agua en cultivos hortrcolas tiene un rango de entre 70% y 95%.La marchitez y decaimiento causado por la perdida de agua darla seriamente laapariencia y aceptaci6n dei producto en el mercado. La mayorra de productos
hort(colas pierden su aceptaci6n de mercado de exportaci6n despu6s de una
perdida de agua de solo 5% de su peso original. Asr mismo, pdrdida do agua
tambi6n representa perdida de dinoro, debido a que la mayorla de los productos sevenden en base de su peso. Humedad relativa apropiada (HR) es Importante enminimizar la perdida de agua de productos frescos. La rnayora de productos debende almacenarse entre 90-95% de HR (excepto cebollas y ajo). De igual forma, latemperatura 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 dopresi6n de vapor entre la fruta y su ambiente. La temperatura y HR controlan estadiferencia de presi6n de vapor. A temperatura tibia de producto (i.e., 30°C) y HRbaja (i.e., 30%), el grado de perdida de agua puede ser de 25 a 50 veces mayor
quo a 0°C y 95% de HR, respectivamente. 

IlI. ENFRIAMIENTO Y ALMACENAJE 

El primer paso en el manejo apropiado de temperatura despu6s de la cosecha esremover rdpidamente el calor de campo del producto. Cominmente se rofiere aeste paso como pre-enfriamiento, aunque el tdrmino enfriamiento es suficiente.Los productos perecederos sen muy susceptibles a marchitarse, decolorarse,
aguadarse, cambios adversos de sabor y podredumbre patol6gica a temperaturas
altas. Varios mdtodos de remoci6n de calor de campo pueden ser usados,

dependiendo del producto. 
 Los dos tipos de mdtodos 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 lapreservaci6n efectiva de la calidad del producto. Otros m6todos do enfriamiento
tales como, hielo y enfriamiento por aspirador (succi6n) no son generalmente tanecon6micos o prdcticos. Despuds de que el producto ha sido enfriado, "s esencialmantener la cadena frra durante almacenamiento, transito y distribuci6n. 

Enfriamiento y almacenaje son dos opeaciones separadas que tienen muydiferentes requisitos. Los requerimientos especfficos para adquirir enfriamiento
rdpido y uniforme debe de ser considerado independientemente de losrequerimientos para almacenar en frro. La capacidad de refrigeraci6n necesaria 
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para un enfriamiento rdpido es sustancialmente mayor que para almacenamiento en
fr(o. Existen otras diferencias entre enfriamiento y almacenaje en frro. Durante el
enfriamiento rapido, la velocidad alta de aire no incrementa significativamente eltotal de perdida de agua del producto si ocurre cnicamente mientras el producto se 
esta onfriando. No obstante, durante almacenamiento en 'Irfo consecutivo, lavolocidad alta de aire reseca los productos hortfcolas sobre el perrodo largo de
exposici6n a aire rdpido en moviniento. La humedad relativa alta es esencial pata
prevenir perdida excesiva de agua durante el almacenamiento en frfo, pero es de 
menor importancia durante el pertodo corto do enfriamiento. Generalmente el
control de etileno no es necesario durante el erframiento, pero para algunos
productos puede ser esencial durante el almacenaje. Una combinaci6n de
enfriamiento rdpido, almacenaje y transporte subsecuente del producto a su
temperatura baja y humedad relativa 6ptima maximizard el potenclal de vida de 
mercado para ese producto. 

A. Determlnacl n do Reauerlmlentos de Refrigeracl6n 

Refrigeraci6n es of proceso de remoci6n de calor de un producto y no 
de introducir frfo en el mismo. Varias fuentes de calor deberdn ser
removidas por medio de refrigeraci6n durante los perlodos de 
enfriamiento y almacenaje. La fuente principcl de calor que debe ser
removida despu6s de la cosecha es el calor del c3mpo de un producto.
Esto se determina mediante la siguiente f6rmula: 

Btu (ca/or) = peso (Ibs) delproducto x calor espec fico (del Producto) 
x 70 (temperatura) diferencia entre 7'pu/pa y la 7' de almacenaje 
deseado final. 

La proporci6n de calor requerido para elevar la temperatura de un peso dado 
de fruta o vegetal hacia la requerida para causar un incremento equivalente
en el mismo peso del agua, se llama calor especifico. Es necesario saber el
calor especffico de un producto para calcular la carga de refrigeraci6n
durante el paso do enfriamiento. Puede ser estimado de la siguiente 
ecuaci6n: 

Calorespecffico = 0.008 x (porcentajeH-20 en elproducto) + 0.20. 

Ejemplo: el calor especrfico 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 refrigeraci6n para

enfriamiento y almacenaje incluyen el calor de respiraci6n (calor vital).
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Todos los organismos vivientes sueltan calor duranta Ia respiraci6n de 
carbohidratos hacia 02 y H20. La cantidad de calor varra con el producto 
y se incrementa con Iatemperatura. Los grados aproximados de calor
producidos por varios cultivo., horticolas frescos a diferentes temperaturas
de almacenamiento pueden calcularse de los grados de respiraci6n que se 
muestran en Ia Tabla 1. La evoluci6n del calor se expresa a travds de
 
'joules' en el sistema mdtrico y en "British thermal unitsm (Btu) 
en el sistema 
inglds. Para cada miligramo de C02 producido por respiraci6n, 2.55 calorras 
de calor son generadas, asf es que el valor do 2.55 se usa en el computo de
Ia evoluci6n do calor. Una calorfa es Ia cantidad de calo7 requorida para
elevar Ia temperatura de 1 gramo de agua VC, por Iocual, 1 Btu es Ia 
cantidad de calor requerida para elevar Ia temperatura do una 1 lb de ague
0.56°C (0 F). Una calorfa equivale 4.187 J, asr que iaevoluci6n de calor en 
el sistema mdtrico es calculado multiplicando cada miligramo de C0 2 por un 
factor de 10.676. El valor 10.676 se deriva de Ia multiplicaci6n de 2.55 
c.3i/mg CO 2 par 4.187J/cal. Una kilocalora equivale a 3.968 Btu, par Io que
Ia evoluci6n de calor en 'British thermal units' par tonelada par dfa (24
horas) se calcula par Ia multiplicaci6n de los grados de respiraci6n en 
miligramos de C02 x kilogramo x hora x un factor de 920. El valor 220 se 
de.iva multiplicando 2.55 cal/mg C0 2 x 86.3, un factor que convierte 
calorfas par kilogramos por hora hacia 'British thermal units' por tonelada por 
dI'a.
 

Otras fuentes de calor qua agregan al requerimiento total de
 
refrigeraci6n durante enfriamiento y almacenaje incluyen fuga de calor
 
a travds de superficies del cuarto y puertas abiertas y calor generado
 
por motores eldctricos, luces, equipo de manejo mecdnico y

trabajadore.s.
 

Se refiere com~Inmente a Ia carga de refrigeraci6n en toneladas de
refrigeraci6n. La tonelada normal de refrigeraci6n es Ia cantidad de calor 
absorbida par una tonelada de hielo derritiendose de O°C (32 0F) en 24 horas.
Se requiere de 144 Btu para derretir 1 lb de hielo a 0, 6 288,000 Btu para
derretir 1 tonelada de hielo a 00. (144 Btu x 2,000 Ib). Dado a que una 
tonelada de refrigeraci6n especifica que Ia tonelada de hielo debe de ser 
derretida en 24 horas, una tonelada de refrigeraci6n absorbe 288,000 Btu en 
24 horas. Esto es equivalente a 12,000 Btu/hora (12,660 kJ/hora). 

El requisito de refrigeraci6n durante el enfriamiento deberd basarse en Ia 
carga maxima de refrigeraci6h. Esta cumbie ocurre usualmente cuando las 
temperaturas exteriores son altas y se est, enfriando prnducto tibio. 

La carga mAxima de refrigeraci6n depende de Ia cantidad de producto que se
recibe cada dra, de Ia 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 do fuentes de calor ajenas al producto en el 
medio ambiente de enfriamiento. 

B. Enfriamlento 1or Aire Forzado 

El enfriamiento por aire forzado es adaptable a la mayorra de tipos do
productos y es ideal para operaciones donde una gran variedad de productos
tienen que ser enfriados. Cultivos de EANT de Centro Amdrica Ideales para
el enfriamiento por aire forzado son: moras, frambuesas, fresas, melones,
pifias y flores de corte. El enfriamiento por aire forzado es el m6todo
recomendado para operaciones de pequea escala. Un cuarto frfo existente 
puede ser comi.nmente usado para enfriamiento por aire forzado para 
pequeras cantidades de producto por medio de la instalaci6n de un 
ventilador port~til pequeo. Grandes cantidades de producto usualmente
 
requieren la instalaci6n de m~s capacidad de refrigeraci6n.
 

El m~todo m=s comcin do enfriamiento por aire forzado se logra a trav6s de 
la alineaci6n paralela de columnas de cajas Ilenas y ventilados, con las 
columnas paralelas de producto, separadas por varios pies de espacio abierto 
(usualmente el diametro del ventilador). Despuds, una Iona o cubierta 
plastica es colocada sobre las columnas paralelas (con el centro sobre el 
espacio abierto entre las columnas paralelas de producto). Esta carpa
restringe la direcci6n en la cual el aire puede escaparse. En efecto, usted ha 
creado un "t6nel" que restringe la direcci6n del aire. La carpa se extiende
hacia un ventilador de gran capacidad colocado on la secci6n al frente medio 
y al centro de la columnas paralelas del producto en cajas. El ventilador hala
aire fresco a trav6s del producto, removiendo el calor del campo de dicho
producto y logra su enfriamiento. Las partes superiores de las columnas 
est~n expuestas directamente al aire frfo. Los ventiladores desarrollan fluido 
alto de aire a una presi6n de est~tica relativamente alta. Las figuras 1-8 
ilustran este mdtodo de enfriamiento. 

El ventilador se puede encender con la carpa en su lugar despu~s de que las
primeras cajas han sido apiladas para iniciar el enfriamiento. Se puede
levantar la carpa para agregar mds cajas al final del ti~nel 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 
deshidrataci6n causada por la aplicaci6n excesiva de aire de alta velocidad. 

Dado a que el aire es forzado a travds de las cajas de producto por Ia 
diferencia de presi6n del aire entre ambos lados, os necesario Ilenar las cajas 
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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 airs hacia las cajas empacadas. 

Ademds de controlar la temperatura y flujo de aire, serd necesario controlar 
la humedad. El aire on movimiento tiende a remover el agua de la superficie
de la hoja, causando marchites, encogimiento y perdida general de calidad y
valor. La mayorra de productos horticolas frescos requieren de una humedad 
relativa en un rango de 95 a 98% durante el enfriamiento por aire forzado y
tambidn durante su almacenamiento en frfo antes de su embarque. 

Si la condensaci6n on el embobinado del evaporador se drena hacia afuera,
la humedad en los cuartos refrigerados puede hacerse lenta. La cantidad de 
condensaci6n que se colecta en estos embobinados puede decrecer 
substancialmente por la limitaci6n de la calda de la temperatura a travds de
 
ellos hacia 2.5 0C. Esto puede lograrse por el incremento del tamaio o
 
cantidad de los embobinados. En la prdctica, niveles de 80 u 85% humedad
 
relativa no se puede lograr fdcilmente sin ningin tipo de sistema de
 
humedecim~ento.
 

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 m6todo 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 varla 
significativamente. La cantidad de cajas en el congelador tambidn puede
afectar el perrodo de enfriariento. La temperatura de los-productos debe de 
ser controlada de cerca durante su enfriamiento. Las cajas deberdn 
removerse s6lamente despuds de que la temperatura del producto dentro de 
las cajas ha sido revisada. Es ideal usar un term6metro con un punz6n largo
de metal para medir la temperatura. Deberd revisarse la temperatura en 
ambos lados de la caja, el lado tibio y el lado fresco. 

1. Chlculos del Tiempo do Enfrlamlento 

El tiempo necesario para alcanzar la temperatura deseada se expresa 
por medio de una curva trpica de enfriamiento. El .iempo 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 mhs significativo 
oentro de la curva de enfriamiento (figura 9). El grado de enfriamiento 
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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 (50C) (7/8 de temperatura de enfriamiento) de la
 
temperatura inicial de 750F de un producto.
 

La siguiente ecuaci6n puede ser usada para calcular el tiempo
requerido para enfriar una caja de fruta, vegetales o flores de corte 
hacia una temperatura especffica. 

T = 1. 107 V Log (S -MJ 
F- M 

Donde: 
T = tiempo (minutos) para enfriar a temperatura

O
F
 
V = 7/8 tiempo de enfriamiento (minutos)
S = Temperatura IfF) del producto Inicialmente 
F = Temperatura (°F) del producto ya fro 
M = Temperatura (uF) del aire frfo que entra en la 

caja 

V = (0.,903T 
log S--M 

F-M 

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

La Tabla 6 muestra el flujo de aire y presi6n necesaria para enfriar una 
caja de un tipo especifico de flor. El requerimiento de flujo de aire (en
pies cLbicos por minuto) para un sistema puede ser determinado por la 
mijltiplicaci6n del requerimiento por el ncmero de cajas a ser enfriadas 
y por la suma de un 25% adicional do capacidad para compensar las 
fugas de aire. La cantidad de cajas enfriadas deberd basarse en la 
cantidad maxima de un dfa de cosecha. La calda de presi6n para el 
sistema es equivalente a la cafda de presi6n a travds de una caja mAs 
25% de presi6n adicional como factor de seguridad. (No es 
recomendable para la operaci6n de pre-enfriamiento, estibar las cajas 
de ounta a punta). 

Las figuras 7 y 8 ilustran dos m6todos para establecer un pequeio
sistema portdtil de enfriamiento por aire forzado en un cuarto frio 
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existente. Se deben de dise~ar especrficamente instalaciones de
enfriamiento que permitan sl manejo de 30 a 40 cajas por hora.
ComOnmente 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 Ilamado
pared frfa (ver figura 10). Las unidades de cajas tambidn 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 Iona,
causando que el aire sea Ilevado a travds de las cajas (ver figura 11). 

Las instalaciones para el sistema de enfriamiento por aire forzado
deberhn diseiiarse de manera que haya un flujo continuo de cajas del
Area de empaque hacia el Area de enfriamiento y del Area de 
enfriamiento hacia un Area de espera o de almacenaje. 

2. Ventiladores 

Los enfriadores por aire forzado utilizan ventiladores centrffugos (mds
conocidos como "squirrel cage") 6 de fluido axial (impulsados por
hdlice). Diagramas esquemAticos de ventiladores tfpicos usados en el
enfriamiento por aire forzado se muestran en las figuras 1-3, 7, 8 y12. Se seleccionan los ventiladores en base a dos criterios, el flujo
de aire requerido, medido en pie ctibico por minuto (cfm), y la presi6n
estdtica requerida, medida en pulgadas de agua. Los requerimientos
especfficos son determinados por el tipo de producto, la cantidad de

cajas, la ventilaci6n 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). Las curvas B y C demuestran el incremento en el grado de
enfriamiento posible ;on grados de flujo de aire de.1/2 a 1 pie cobico 
por minuto por libra de producto, respectivamente. Los
requerimientos de flujo de aire y presi6n estdtica 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 mAs rdpido que el enfriamiento convencional de cuarto. 

No todos los ventiladores estdn diseiados para mover el aire al
volumen y presi6n estAtica requerida por el enfriamiento por aire
forzado. (La presi6n estdtica, en este caso, es la resistencia al
movimiento de aire presentado por los paquetes de producto.) Las 
curvas de ventiladores que muestran informaci6n de presi6n yvolumen, tal como el mostrado en la figura 14, estdn disponibles para
la mayorfa de ventiladores comerciales e industriales. Notese que hay
una relaci6n inversa entre el grado de presi6n y de flujo de aire. En la 
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figura, por ejemplo, el grado de flujo de 1 pulgada de presi6n de agua 
es 4,000 pies ctbicos por minuto (cfm), mientras que a la presi6n de 
1/2 pulgada el grado de flujo se incrementa a mcs de 6,000 cfm. 

Ademas 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 configuraci6n 
y ventilacidn de las cajas. Mientras mds grande la distancia del flujo
de aire, mayor sera la carda de presi6n y mds largo el perrodo de
tiempo de enfriamiento para un flujo de aire dado. El grado y duraci6n 
6ptima del flujo de aire para un enfriamiento apropiado varra con el 
tipo de productu que se esta enfriando. En la prhctica, sin embargo, 
un grado de flujo de aire de aproxima amente 1 a 3 pies cObicos por
minuto a 1/2 pulgada de presi6n estatica deberra ser suficiente para la 
mayorfa de frutas y vegetales. 

El grado do flujo de aire a travds de un sistema de ventilaci6n en una 
estructura de enfriamiento puede ser medido con suficiente exactitud 
usando un man6metro de tubo-U barato montado en el ventilador 
(I'igura 15). Los man6metros de tubo-U son diseiados para medir las
diferencias en la presi6n del aire. Un lado del man6metro estd 
conectado en el lado contra corriente del ventilador, Iomds lejos
posible de las aspas y el otro lado esta abierto al aire del cuarto. 
Sabiendo la presi6n estdtica del aire a travds del ventilador y
consultando el cuadro de funcionamiento que usualmente estA 
provisto en los nuevos ventiladores, el grado de flujo de aire puede ser 
determinado con exactitud. 

El interior de un cuarto frro es a menudo hOmedo o incluso mojado.

Por Iotanto, los motoies de los ventiladores deben-de ser del tipo

totalmente encerrados, enfriados por ventiladores, y con su respectiva 
tierra para prevenir una descarga eldctrica. 

Tambidn es buena idea controlar el ventilador con un termostato de 
voltaje de Ifnea montado en la corriente de aire. El termostato apagard 
el ventilador cuando el producto se ha onfriado a un punto
predeterminado, conservando de esta manera energra. Tambidn 
reducirh los efectos desecantes del aire enfriador ya que no permitird 
que el ventilador .ontinu6 funcionando por un perrodo prolongado de 
tiempo despuds 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 cart6n de fibra, jabas de madera, y
cajas de bulto. El iOnico requerimiento es que estas tengan suficiente 
espacio abierto en los lados y en el fondo para asegurar el movimiento 
apropiado de aire a trav6s de las cajas. La mayorla de cajas

comerciales estdn diseiadas 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 est6n 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 distribuci6n de aire. La velocidad de aire y
suficiente capacidad de refrigeraci6n son componentes crfticos para el
enfriamiento por aire forzado, asi como el uso de cajas ventiladas y la
utilizaci6n da un patr6n apropiado de estiba para las cajas. 

Algunos productores usan contenedores refrigerados para el
 
enfriamiento de su producto. 
 Estas unidades normalmente tienen una
capacidad de refrigeraci6n de 2.5 - 3 toneladas. No tienen suficiente 
flujo de aire para que el aire frfo haga contacto con el producto para 
un enfriamiento rdpido. No obstante, se puede colocar un ventilador 
dentro del contenedor refrigerado y adaptado para incrementar el
grado de enfriamiento. La duraci6n total de tiempo desde el irpicio de 
enfriamiento por aire forzado hasta una temperatura final del producto
de VC no deberg ser mds de una hora para los productos altamente
 
perecederos.
 

4. Enfriamiento Evaporativo 

Un tipo de enfriamiento por aire forzado de bajo costo adaptado a
 
areas de producci6n templadas del altiplano en Centro America se

llama enfriamiento evaporativo. El enfriamiento evaporativo puede
 
usarse como un mdtodo barato para remover algn calor del campo de
producto donde no hay refrigeraci6n disponible. Se puede reducir la 
temperatura del aire de 5-8°C al pasar por un enfriador evaporativo
durante el tiempo mcs caliente del dra. Se logra rociando o mojando
el producto en presencia de una corriente de aire seco o forzando aire 
seco a travds 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 50 - 8°C bajo ambiente y no provee enfriamiento 
consistente y completo. 
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El enfriamiento evaporativo es relativamente barato comparado con 
refrigeraci6n y consume muy poca energfa. El costo inicial serd de 
varios cientos de d6ares para un sistema nuevo y los costos de
operaci6n 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 do succi6n para el envfo de agua hacia la parte alta de las 
almohadillas de enfriamiento y un flotador para mantener el nivel del 
agua. Los requerimientos de agua son mfnimos por lo que el agua no 
tendra que ser recirculada. Una Ifnea de presi6n puede enviar 
suficiente agua hacia los canales de distribuci6n para mantener las 
almohadillas mojadas y el exceso puede ser eliminada. 

Las fugas de aire deber~n ser selladas. Ya sea en un sistema de 
ventilaci6n a presi6n o de extracci6n, es esencial que todo el aire que 
va a travds de las almohadillas de enfriamiento, este dirigido hacia el 
producto a ser enfriado. 

Cualquier aire que esquive las almohadillas de enfriamiento, disminuye
la eficiencia del sistema. En sistemas de ventilaci6n de extracci6n el 
sistema de ductos deberd ser reforzado para soportar el vacio creado.
En un sistema de presion el aire debe de ser conducido hacia el 
producto. 

C. Hidroenfrlamiento 

Cuando el producto tibio se enfrla directamente con agua frla, el proceso se
llama hidroenfriamiento. Hidroenfriamiento es una forma rdpida y efectiva
 
para enfriar el producto, principalmente debido a que el agua posee 
un
 
coeficiente de transferencia de calor mucho mas alto que el aire. 
 Una
comparaci6n de los grados de enfriamiento relativos de hidroenfriamiento 
contra enfriamiento por aire forzado contra cuartos frfos se muestra en la
figura 17. El hidroenfriamiento es generalmente el doble de efectivo sobre 
enfriamiento por aire forzado. Se pueden disefiar hidroenfriadores ya sea 
para pequeias 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 diseho 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 decart6n, 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 travds del empaque habrh muy poco
enfriamiento. Los productos en cajas de cart6n parafinadas con cubierta
solida son particularmente diffciles de enfriar ya que la cubierta no permite el 
ingreso del agua. 

Jabas de madera con un gran porcentaje de espacio abierto, son mds

adecuadas para hidroenfriamiento ya que permiten suficiente ingreso de
 
agua. 
 Producto en canastas pldsticas se enfrfa muy bien debido a que el 
agua frfa se percola a travds del producto. 

Entre los cultivos de EANT de Centro Amdrica. 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:
 

O usar agua lo suficientemente frfa.

O proveer un flujo apropiado de agua

O 
 colocar suficiente tiempo el producto en el hidroenfriador 

La siguiente informaci6n sobre hidroenfriamiento pretende ayudar a
productores y exportadores de productos hortfcolas frescos a tomar

decisiones precisas sobre la aplicaci6n de hidroenfriamiento. Se presentan

varios tipos de hidroeniriamiento, cdlculos de grados de hidroenfriamiento y
control de plagas poscosecha. Tambidn 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 b~sicamente de un tanque con capacidad de
mantener varios miles de galones de agua, una bomba de gran capacidad,
tuberfa y v=lvulas asociadas y una unidad de refrigeraci6n mecnica con 
bobinas. 

Un hidroenfriador produce agua frisada y la mueve para tener contacto con
el producto. El tipo de hidroenfriador m~s comin y eficiente utiliza un flujo
axial o bomba de succi6n la cual bombea volcimenes m~s grandes de agua
bajo muy poca presi6n. Esta agua es bombeada hacia una lmina que seextiende sobre la tapa superior y a lo largo de longitud del enfriador. Laparte inferior de esta I6mina distribuidora contiene agujeros que permiten qued' agua frfa caiga en forma de Iluvia pareja sobre el producto removiendo el 
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calor del campo y produciendo un efecto do lavado. Cuando se considera el
hidroenfriador como m6todo de enfriamiento, Os importante entender los 
m6todos de enfriamiento de agua que son usados y conocer los 
requerimientos de empaque y apilamiento del producto. 

1. Mdtodos de Hidroenfriamlento 

En la mayorfa de hidroenfriadores, una bomba dirige el agua helada en 
contacto con el producto tibio. El agua tibia entonces se re-enfrra y
recicla. Para el enfriamiento del agua, muchos hidroenfriadores tienen 
un sistema de refrigeraci6n con compresi6n do vapor (rnecnico).
Algunos hidroenfriadores no usan un sistema de refrigeraci6n, ai 
contrario, usan hielo quebrado o triturado para enfriar el agua. El 
costo capital de un hidroenfriador de este tipo 'ns mucho menor que el 
que usa un sistema integral de refrigeraci6n y puede ser preferido por
los productoros que tienen 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 m6todos de hidroenfriamiento difieren en sus grados de 
enfriamiento y en eficiencias do proceso en general. Adicionalmente,
los hidroenfriadores varlan en cuanto al m6todo de enfriamiento quo 
se usa y on el m~todo de movimiento o colocaci6n del producto para
qua el agua tenga contacto con 61. Estos pueden ser separados en 
dos diseios generales, transportador contra grupos, ba.,ado en quo el
producto sea o no sea estacionario dentro del enfriador. 
Hidroenfriadores tipo transportador se pueden dividir aun mds 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,-regaders, de grupos (batch).y tipo 
transportador-inmersi6n. 

a. Hidroenfriader jiD7 Transoortador - Regadera 

Un hidroenfriador tipo transportador-regadera permite que el 
producto, ya sea en canastas pldsticos 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 travds de la regadera es de 
aproximadamente 1 pie por minuto y puedo variar en la mayorla
de los enfriadores de acuerdo a las condiciones. Esto provee un 
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flujo suave del producto para que la bomba estd trabajando 
constantemente y no requiere que se pare su funcionamiento
 
para desc3rgar o recargar el enfriador. Se Ileva a cabo una
 
canalizaci6n debido a que el agua sigue el camino de menor
 
resistencia y por lo cual corre mds rdpido a travds de las 
aperturas mayores (canales) entre los productos individuales. 
La canalizaci6n 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 aplicaci6n do agua puede 
minimizar la canalizaci6n. El tamario 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 muestan un hidroenfriador tipo transportador-regadera. 

Los fabricantes de hidroenfriadores tipo transportador-regadera 
comi~nmente 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 
hast& 20. El largo adicional so usa para transportadores de 
carg. y descarga. Mientras mds grande sea el area activa de 
enfriamiento, mayor sera la capacidad del hidroenfriador. 

i. Requisitos de Flujo de Agua 

El hidroenfriamiento requiere de grandes cantidades de 
agua parp pasarla por el producto. Se han realizado 
pruebas para determinar la cantidad de flujo de agua frl'a 
necesaria para el enfriamiento mds efectivo de frutas y 
vegetales. El grado de flujo de agua de 15 a 20 galones 
por minuto por pie cuadrado de area activa de 
enfriamiento (superficie de lamina de distribuci6n) son 
recomendadas (i.e., 600 a 800 litros/min/m 2). Por 
ejemplo un hidroenfriador con un area activa de 
enfriamiento de 1 metro de ancho por 5 metros de largo 
(5 metros 2) requerird la circulaci6n de 4,000 litros por 
minuLU. Una tarima de producto de 48" por 48" tiene un 
area de 16 pfes2 y reauerird 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 mds de este volumen no proveerd un enfriamiento 
adicional considerado. La Idmina de distribuci6n esta 
perforada para permitir una calda de agua helada en el
producto. La temperatura del agua debe de estar Io mas 
pr6xima a 0°C posible. 

La mayorla de hidroenfriadores tipo transportador
regadera son unidades de alta producci6n con grandes
sistemas de refrigeraci6n y componentes de larga
duracidn. Dado a su costo relativarnente alto, estos 
deben de ser operados por perrodos considerables de 
tiempo cada argo para que sean econ6micamente 
justificados. Con areas de produccl6n relativamente 
pequerias, estos hidroenfriadores tendrdn 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 TiDo Grupos (Batch) 

Hidroenfriadores de grupo (batch) son recintos sin
transportadores. Cajas o paquetes de producto se cargan alrecinto y se colocan directamente debajo de la la Idmina (panel)
de distribuci6n. Se cierra la puerta del recinto y grandes
cantidades de agua helada caen sobre el producto esta agua se
colecta del fondo, es enfriada de nuevo y se recicla. El
producto permanece estacionario durante el proceso de
 
enfriamiento. Al finalizar el perrodo de enfriamiento, 
se detiene
el funcionamiento de la bomba, se reemplaza el producto

enfriado por producto tibio y se repite todo el proceso.
 

La mayora de hidroenfriadores tipo grupos (batch) pueden

enfriar unicamente una tarima de producto a la vez 
como semuestra en las figuras 21a, b y 22a, b. Estos hidroenfriadores 
generalmente tienen menor capacidad que los tipo
transportador. Son generalmente menos caros y mds fdciles de
construir. Son los mds apropiados para productores con una
cantidad limitada de producto y que no pueden justificar
econ6micamente el uso de una unidad mayor. 

Uno de los reclamos mcis comunes tanto del hidroenfriado tipo
transportador como del tipo de grupos, es que estos no enfrran
todas las cajas en forma uniforme. Es probable que el agua
helada no sea distribuida uniformemente a travds 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 Ilovizna fina de 
agua helada a travds de los paquetes de producto. El aire 
forzado tiene el efecto de hacer que el enfriarniento sea mds
consistente pcrque hace que el agua pase por el producto en 
una forma m~s pareja de la que ocurrira solamente por medio
de flujo de gravedad. Este diserio conocido como hidroenfriador 
de aire se ha usado con exito con productos que son
particularmente diffciles de enfriar. La figura 23 muestra una 
unidad trpica de hidroenfriador por aire. 

c. Hidroenfriador Tioo Transoortador - Inmersi6n 

Los hidroenfriadores tipo transportador-inmersi6n 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 tanque y se mueven por medio de
transportadores sumergidos hacia 3l otro extremo en donde son
removidos. Hielo triturado o un sistema de refrigeraci6n de 
compresi6n de vapor mantiene el agua helada miontras que una
bomba mantiene el agua en movimiento. Un mal enfriamiento 
ocurrirra si el producto es movido con el agua, por lo tanto
hidroenfriadores tipo inmersi6n transporta el producto ya sea en 
contra (contra el flujo) o a travds del flujo. Se deben se disefar 
los transportadores para que haya movimiento del producto a
travds y fuera del agua. La duraci6n de tiempo que el producto
 
permanece en el agua varfa con las condiciones iniciales y

temperatura final deseada. 
 Este tipo de hidroenfriamiento 
elimina el problqma de canalizaci6n del agua.. El agua entra en 
contacto con todas las superficies del producto. El problema
principal de sumersi6n 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 rtpido, la restricci6n puede ser una 
desventaja seria. El movimiento restringido de agua
generalmente se puede corregir con el uso de bombas o h6lices 
para circular el agua alrededor del producto. Un segundo
problema con sumersi6n es que muchos cultivos de hoja tienen 
menos densidad que el agua y como consecuencia flotan. Para
impedir flotaci6n, se requieren algunos mdtodos mecdnicos para
mantener el producto debajo del agua. La figura 24 muestra un
hidroenfriador de inmersi6n cargado con jabas de marz dulce. 
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Pruebas han demostrado quo el hidroenfriamiento mAs rdpido se 
obtiene al sumergir el producto en tanques con agua helada 
agitada. El hidroenfriamiento por inmersi6n es casi dos veces 
m~s rdpido 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 
porci6n de si' superficie. Esto resulta en que la transferencia de 
calor no sea al mdximo. El hidroenfriador por inmersi6n 
disminuye la temperatura mds rdpidamente dado a que el agua
helada en movimiento rodea complktamente la superficie
exterior del producto. 

El hidroenfriamiento por lnmersi6n se practic6 anteriormente 
colocando producto suelto en tanques de agua heiada. Hoy en 
dla, este mdtodo se practica muy rararente porque la mano de 
obra es intensiva y gran parte del efecto del enfriamiento se 
pierde al empacar el producto. Incluso, trabajadores en :as 
plantas empacadoras a veces se muestras renuentes a manejar
el producto mojado y frio. El lavado do un bulto de ejotes
verdes en agua helada antes de su clasificaci6n y empaque, es 
un ejemplo de hidroenfriamiento por inmersi6r. 

Si hay hielo disponible, dste puede sustituir una unidad 
mecanica de refrigeraci6n 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 do 
enfriamiento, se agrega hielo peri6dicamente para mantener la 
temperatura del-agua. 

2. Determinaci6n de grados do hidroenfriamlento 

Para operar un hidroenfriador de forma eficaz y oficiente, 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 mecanismos diferentes de 
transferencia de calor. En el proceso de hidroenfriamiento, el ce9or en 
el producto es Ilevado por la corriente del agua en movimieri(,. Este 
tipo de transferencia de calor se conoce como convecci6n. Varios 
factores contribuyen al grado en el cual el calor se transfiere durante 
la convecci6n. 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 
qua tan r~pidamente 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 cuadr3do por

grado farenheit.
 

Otros factores tambi~n afectan el grado de transferencia de calor, 
como el Area 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 area 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 expuesta al agua fr'a varia
 
considerablemente entre diferentes tipos de productos. 
 Por ejemplo,
el Area 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 mAs rdpido que

los cantaloupes. Adicionalmente, mientras mAs grande la diferencia
 
entre el agua y la temperatura del producto, mAs rapido sera el
 
enfriamiento. 

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

3. Capacidad do refrigeraci6n 

Los investigadores han desarrolledo una grAfica que sumariza 
informaci6n actualizada sobre la transferencia de calor para varias 
frutas y vegetales. Esta grdfica se muestra en la figura 24 y muestra 
una familia de 8 Ifneas ideales de enfriamiento para varios tipos de
productos sumergidos en agua helada agitada. Estas Ifneas son solo 
aproximaciones y estAn basadas principalmente en el tamafio ffsico del 
producto. El eje horizontal es el tiempo de enfriamiento en minutos y
el eje vertical es la diferencia de temperatura decimal (DTD) de la 
temperatura que se desea ,lcanzar. Para calcular el tiempo do 
hidroenfriamiento para un tipo especifico de producto, use esta 
ecuaci6n para el DTD: 
DTD = 	 T- W 

P -W 

donde: 	 T = la temperatura que se desea alcanzar 10F) 
W = la temperatura del agua 
P = la temperatura inicial del producto f*F) 
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Ejemplo: Un turi6n de espdrragos con una temperatura de 75°F, sera 
hidroenfriado por inmersi6n on agua a 33 0F. .Cudnto tiempo tomard 
reducir la temperatura hasta 37 0F? La figura 25 deberd consultarse 
antes, para localizar la Ilnea de enfriamiento (8) que es aplicable a 
esparrdgos. Seguidamente se calcula el DTD a travds de la siguiente 
ecuaci6n: 

DTD = 37-3= 0.1 
75-44 

Encontrando [a localizaci6n en la figura 25 en donde la curva B 
intersecta el DTD = Ifnea 0.1 y proyectandose hacia abajo al eje X, 
verd que el tiempo requerido para enfriar el espdrrago de 750F a 370F 
es aproximadamente 30 minutos. 

En el ejemplo anterior, se asumrna que los turiones individuales de 
espdrragos fueron sumergidos completamente en agua helada agitada.
Recuerden que la inmersi6n es el metodo de hidroenfriamiento mds 
rdpido posible. Cuando el esparrago es totalmente sumergido, todas 
las superficies exteriores son cubiertas por agua helada. Si los 
espdrragos fueran hidroenfriados en un hidroenfriador tipo regadera, o 
empacados en jabas con otros turiones de espdrragos, el t 3mpo de 
enfriamiento serla mds largo. Informaci6n publicada por los 
fabricantes de hidroenfriadores tipo regadera sugieren que el tiempo
de enfriamiento para su equipo sea estimado de 40 a 80% mds que 
para hidroenfriamiento por inmersi6n. El tiempo de enfriamiento para 
esparragos en un hidroenfriador tipo regadera puede ser estimado por
la multiplicaci6n del grado de hidroenfriamiento por inmersi6n por un 
factor de conversi6n de 1.5: 

30 minutos x 1.5 45 minutos 
(grado de (Factor (grado de 
hidroenfriamiento conversi6n) hidroenfriamiento 
por inmersi6n) tipo regadera 

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

La cantidad de capacidad de refrigeraci6n necesaria para
hidroenfriamiento contfnuo se muestra en la Tabla No. 8. Grandes 
cantidades de producto a ser enfriado requieren mayores cantidades 
de refrigeraci6n. Requerimientos de refrigeraci6n se expresan como la 
cantidad do refrigeraci6n por peso unitario del producto. Los 
requisitos de capacidad de refrigeraci6n tambi6n 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. 
Trpicamente cerca del 50% del total de refr;geraci6n se usa para
absorber el calor del producto, el calor sobrante viene cfel medio
 
ambiente. Con insulaci6n apropiada, el porcentaje absorbido del
 
producto puede incrementarse hasta un 80%.
 

Los requerimientos de refrigeraci6n son comi~nmente presentados 
como toneladas de refrigeraci6n, la cantidad de enfriamiento 
producido cuando 1 tonelada (2,000 libras) de hielo (O°C) se derrite 
durante un perfodo de 24 horas. 

Los enfriadores que requieren menos de 40 KW (equivalente a cerca 
de 12 toneladas de refrigeraci6n) de capacidad de refrigeraci6n (4 KW 
de refrigeraci6n requiere cerca de 1 KW de capacidad de compresor, 6 
1 tonelada requiere aproximadamente 1 caballo de fuerza de
 
capacidad de compresor) pueden ser fdcilmente construidos en el
 
campo. Sistemas mds grandes deben de ser diseiiados por un
 
ingeniero. 

Un estimado de la cantidad de capacidad de refrigeraci6n necesaria
 
para instalaciones de 
menor escala no requieren cdlculos detallados. 
Se puede usar la figura 26 para estimar la capacidad de refrigeraci6n

necesaria para el manejo de enfriador poco mayor de 4,000 kg por

hora (10,000 lb/hr). Por ejemplo, si se enfrra un producto de 24°C
 
(75 0F) hacia 20C (35°F), sera necesaria una cafda de temperatura de
 
cerca de 220C (400F) y el enfriador deberd manejar un mdximo de

1800 kg por hora (4000 lb/hr), y desputs 70 KW (20 toneladas) de
 
capacidad de refrigeraci6n. Los estimados de esta figur3 se basan en 
enfriamiento rdpido y razonable. La figura tambidn.se basa en la 
suposici6n de que el calor ingresado al enfiiador desde fuente! ajenas
al producto son menos que un 25% del total. 

Tambidn se puede determinar la capacidad de tonelaje de refrigeraci6n
mecdnica a travds de la siguiente formula: multiplique la mayor
cantidad de libras de producto a ser enfriado por hora por la reducci6n 
deseada de temperatura en grados F. Despuds lo divide por 12,000.
Agregue 15% a esta cantidad para permitir el calor atmosfdrico y el 
calor aportado de la maquinaria (bombas). El total es la cantidad de 
toneladas de refrigeraci6n requerida. Por ejemplo, para hidroenfriar 
600 libras de espdrrago a 35°F de la temperatura de! turi6n, de un 
turi6n cosechado a una temperatura inicial de 85 0F: 
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600 libras de producto 
&5OF (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 ufildad de refrigeraci6n mec~nica es de $1250 por 
tonelada aproximadamente. 

Para un estimado de consumo de energfa de la unidad mecdnica de 
refrigeraci6n, use 2 caballos de fuerza (HP) por tonelada y 2.5 amps 
por HP con una Ifnea do corriento trifasica de 230 voltios. Use esta 
f6rmula para cdlculos de kilowats (corriente trifAsica unicamente) de 
consumo de energfr: 1.73 x amps x voltios x factor dle energfa + 
1000. 

Algunos hidroenfriadores a pequera escala usan hielo para
onfriamiento. Se puede utilizar la figura 27 para estimar la cantidad 
diaria de hielc necesaria para operar un hidroenfriador pequeofi. Por 
ejemplo, si 2700 kg de producto por dfa (6000 Ib/dfa) se enfrfan a 
aproximadamente 22°C (40F) entonces un poco mds de 1.7 
toneladas del hielo serfan derretidas. La figura se basa en un 50% del 
hielo que se estA 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 com~n para hidroenfriadores 
que usan hielo. 

4. Eficiencla do Energfa 

Los hidroenfriadores do inmersi6n son los mejores para la 
conservaci6n de energfa porque el contacto de agua al aire es mfnimo. 

El uso de energfa en hidroenfriadores puede reproducirse con: 

Usando cantidades generosas de insulaci6n en todas las 
superficies refrigeradas y colocando el hidroenfriador 
oculto del viento y del sol. 

Usando tiras plsticas 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 
operaci6n intermitente desperdicia energra asf como la 
operaci6n a capacidad reducida. Un hidroenfriador de 
capacidad baja en operaci6n por perfodos largos es mds 
eficiente y econ6mico que una unidad de alta capacidad 
en operaci6n por perfodos cortos. Algunos 
hidroenfriadores se pueden comprar ahora con una 
opci6n de almacenaje termal. Una capacidad de 
almacenaje termal disminuye el tamario de la unidad de 
refrigeraci6n que se requiere. 

Usando un dep6sito de agua de un tamario apropiado. 
Un dep6sito demasiado grande desperdicia m~s energfa 
porque la cantidad restante de enfriamiento se pierde 
cuando se tira el agua al final del dfa. 

5. Clorinaclon y Control do Enformodades 

Aunque el hidroenfriamiento es un mdtodo excelente de enfriamiento, 
6ste moja el producto. La superficie del producto tibio y mojado 
provee un sitio excelente para enfermedades de poscosecha. Por 1o 
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 daios 
mec~nicos (roces, moretes, abrasiones). Ademds dado que el agua
del hidroenfriador es nuevamente circulada, puede diseminar despuds
enfermedades de algunas frutas infectadas a todo el producto
hidroenfriado. Para disminuir la diseminaci6n de enfermedades de 
postcosecha, se recomienda el uso de cloro como un desinfectante a 
un grado de 50 a 15Q partes por mill6n. La clorinaci6n es un m6todo 
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 p~iblicos de agua. Tambi~n es el Oinico qufmico aceptado por
la Agencia para la Protecci6n Medio Ambiental de los Estados Unidos 
(U.S. EPA por sus siglas en Ingl6s) y por la Agencia de Alimentos y
Drogas de los Estados Unidos (U.S. FDA por sus siglas en Ingl6s) para 
su uso en vegetales despu6s de cosechados. El cloro no deja residuo 
ya que se convierte en gas y se evapora despuds de desinfectar la 
superficie del producto. El cloro para su uso en agua de 
hidroenfriamiento se puede comprar en forma de una soluci6n de 
hipoclorlto 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 qufmicos 
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del mismo ingrediente activo, dcido hipocloruro, cuando se les agrega 
agua. Si se usa agua dura, puede haber un problema de precipitaci6n 
con el hipoclorrto de calcio. En ese caso, el hipoclorfto de sodio 
deberd usarse a cambio. Al agregar Ca (OC1)2 granulado
directamente al agua a menudo resulta en particulas no disueltas que 
se adhieren al producto y que pueden causE: quemaduras de cloro y
descoloraci6n. Esto es particularmente ciarto en hidroenfriamiento ya 
que Ca (OC1) 2 se disuelve muy lentamente en agua frfa. El Ca 
(OC1) 2 granulado siempre deberd ser disuelto en una pequeria
cantidad de agua tibia antes de agregarlo al hidroenfriador. El peso de 
65% Ca (OC1) 2 y el volumen de 5.25% NaOC1 requcl;do para
obtener una concentraci6n especffica de cloruro disponible en el agua
del hidroenfriador se muestra en las Tablas 9 y 10. 

Para la misma cantidad de clorinacion, una soluci6n de NaOC1 es 
generalmente ms cara que la de Ca(OC1) 2 granulada debido a los 
costos adicionales de envro y manejo asociados con la menor 
formulaci6n liquida concentrada. 

Varios tipos de sistemas de clorinacion pueden usarse para la 
medici6n del cloro. Un sistema manual puede construirse fdcilmente 
usando una bomba de inyecci6n conectada al tanque de agua del 
hidroenfriador. Los costos de un sistema manual incluyen el costo del 
tanque, fuente de cloro, tuberla, una bomba de inyecci6n ($350
$450) y un equipo profesional de anlisis para cloro (Hach) (aprox.
$60), un medidor de pH portctil (aprox $60) o papel "litmus". El 
juego de andlisis de cloro para piscinas no deberh usarse, ya que dste 
estd disefiado para medir niveles bajos de cloro (2 a 6 ppm). 

Agregue 2 onzas de Ca (OC1) 2 por 100 galones de agua 6 150 grins 
por 1000 litros para obtener 100 ppm de cloro activo. Si la 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 
travds del tiempo. El cloro usado en el agua para hidroenfriamiento es 
bastante voldtil y se dispersara en el aire a un grado quo incrementa 
con la temperatura del agua. Mientras mds caliente este el agua, mas 
rdpido se separarA el cloro de la soluci6n. Ademds el cloro tiende a 
juntarse con las partrculas del suolo. Entonces, un producto sucio usa 
el cloro disponible mucho mds rdpido que un producto relativamente 
limpio. 
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Ademds de los factores arriba mencionados, el pH del agua tiene 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 estd disponible en una forma utilizable si el 
agua es dcida (un pH abajo de 6.5) o bdsica (un pH arriba de 7.5).
Para que el cloro sea optimamente utilizable, el pH del agua para
hidroenfriamiento deberi ser casi neutral (pH de 7.0). Se requiere
rouG 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 b~sica, siempre es una buena idea analizar el 
agua con un medidor de pH o con papelitos de prueba. Varias 
compail'as fabrican equipo de andlisis de cloro (i.e. Hach o 
Chemetrics) aptos para el andlisis de agua de hidroenfriadores. Aun 
cuando el agua tiene un pH casi neutral, la odici6n de hipocloritos
causai , "el agua se vuelva bdsica. Por Io tanto, puede ser 
necesai., agregar una cantidad pequefia de 6cidos comunes como 
jugo de lim6n o vinagre para corregir el pH. Se debe mantener un 
control frecuente de ambas, la concentraci6n 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 matard rdpidamente la forma vegetativa 
pero las esporas son de 10 a 1,000 veces ms diffcil de matar. Por Io 
tanto, el tratamiento de cloro no eliminan todos los pat6genos.
Muchas esporas pueden quedarse en la superficie y desarrollarse 
despuds si el producto su vuelve a calentar. La efectividad del 
tratamiento de cloro depende del tir.mpo de la exposici6n.
Afortunadamente, la exposici6n larga que es comOn con el 
hidroenfriamiento es mucho ms efectiva que un tratamiento de una 
inmersi6n rdpida. Sin embargo, la clorinacion solamente es un 
tratamiento de superficie. Si los pat6genos ya han empezado a 
desarrollarse dentro de la superficie, el cloro no tendrd efecto. 
Incluso, las soluciones de clorn pueden produc;r descolorizaci6n de la 
superficie. Es necesario la piecisi6n en las concentraciones de cloro 
en el agua de hidroenfriamiento. 

D. Enfriamiento norCuarto Frfo 

El enfriamiento por cuarto frfo consiste en la exposici6n de productos frescos 
al aire fro en un cuarto refrigerado. Este es un mdtodo comunmente usado 
para productos con una vida de almacenaje relativamente larga, tales coma: 
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cebollas, cultivos de raiz y cftricos. Tambidn se usa para frutas tropicales ymelones 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 frfo topa en el techo y regresa haci" zi producto apilado en el
piso. El grado de enfriamiento es relativamente lento. Una perdida
significativa de vida de mercado puede ocurrir si esto m6todo de
enfriamiento es usado para productos altamente perecederos. Por Io tanto, 
no es conveniente el uso de este m6todo de enfriamiento para la mayoria de
productos de EANT. Para obtener los mejores r6sultados de enfriamiento 
por cuarto frfo se requiere de una velocidad do aire do 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 debera ser reducida 
hasta de 10 a 20 pies/minuto. 

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

La utilizaci6n de inyectores de aire on el cielo (ceiling jets) es una

modificaci6n de cuarto frfo la cual dirige el flujo de aire a trav6s de la
 
superficie de las cajas para mejorar la remoci6n de calor. 
 Aire frfo es
inyectado entre el techo y un cielo falso. La presi6n positiva que resulta,
forza el aire dentro del cuarto a travds de conos en el cielo. El piso de un 
cuarto frio est6 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 direcci6n.
 

Mientras que el enfriamiento por cuarto frfo es mejor a nada, es el mdtodo 
menos deseado debido al lar'o tiempo que toma para remover el calor del
 
campo de 
un producto. Pequeios cuartos frfos pueden ser construidos por
productores, se compran en forma prefabricada, o como vehfculos usados de
transportaci6n (i.e., trailers o contenedores maritimos). Estos contenedores 
usualmente tienen una capacidad de refrigeraci6n de 2.5 a 3 toneladas. Se
puede colocar y adaptar un ventilador dentro del contenedor para
incrementar el grado de enfriamiento. 

E. Enfriamiento Dor Hielo 

Tambidn se puede usar hielo lfquido o triturado para enfriar ciertos productos
hortfcolas. Este se adapta a los siguientes cultivos de EANT: brocoli, mel6n 
cantaloupe, elotillo y vegetales de hoja. No obstante, no es tan versdtil o 
econ6mico como el aire forzado o hidroenfri3miento, y no puede ser usado 
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con muchos productos de EANT. El enfriamiento se Iogra Ilenando las cajas
empacadas con producto de cantidad pre-escritas da hielo o una
combinaci6n de hielo o hielo liquido. La efectividad del enfriamiento
incrementa el c,;eciente contacto entre el hielo y el producto. Un
enfriamiento rcpido ocurre con hielo, pero el grado de enfriamiento

disminuye conforme el hielo se derrite V 
menos hielo se mantiene en
 
contacto con el producto. 
 Se pueden comprar unidades de fabricaci6n dehielo y almacenaje del mismo en una gran variedad de tamarhos, y la mayoria
representan una gran inversion de capital. Se coloca hielo empacado en el
contenedor de forma autom~tica por medio del uso de una m~quina
dispensadora automdtica o manual con una palanca. Si se usa hielo
empacado, es usualmente necasario comprar y operar un recipiente de
almacernaie para que se pueda almacenar hielo para su uso posterior. El hielo
Irquido provee un grado mayor de contacto inicial entre el producto y el hielo 
y se puede aplicar despu~s de haber estibado las cajas. El rango de masa
aguada del hielo lIfquido en proporci6n del agua a hielo es de 1.1 a 1.4 y
puede contener una pequeria cantidad de sal para disminuir el punto de
derretimiento. La naturaleza lrquida de ia masa aguada permite que el hielo 
se mueva a travds de la caja, Ilenando todos los volumenes de vacfo de la
caja y alcanzando tcdos los agujeros y grietas alrededor de las unidades
individuales del producto. Despu6s de removerla de la m~quina de hielo, el 
agua escurre dejando una masa relativamente s6lida de hielo triturado en la
cual se introduce el producto (ver las figuras 28a, b, c, 29 y 30). La ventaja
principal de usar hielo lIquido es el gran contacto entre el hielo y el producto
costeado por este m~todo. 

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 deresiduo, este m6todo trabaja bien con productos que tienen un grado alto de
respiraci6n tales como el elotillo. El uso de hielo es relativamente eficiente 
en energfa. Una libra de hielo enfriard aproximadamente 3 libras de producto
de 850 a 400F. 

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

Hay m~quinas de hielo port~tiles disponibles para uso en empacadoras o en
el campo. Se puede usar hielo corno el Oinico mdtodo de enfriamiento para elproducto, o como enfriamiento complementario para producto que haya sido
enfriado con aire forzado o hidroenfriador. 
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1. C~lculo do requerimlento do hlelo 

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 4 6 Y2 del hielo es efectivamente usado para
enfriar el producto. El resto se derrite por el calor externo que pasa a 
travds de los lados de la caja. 

Para un ejemplo de como calcular la cantidad de hielo necesaria para
enfriar tna cantidad dada de producto, so puede cunsiderar el 
onfriemiento de brocoli. Brocoli es un cultivo extremadamente 
perecedero y es uno de los vegetales mAs comunmante enfriados por
hielo. La mayorfa de compradores en Estados Unidos requieren que el 
brocoli Ilegue con porciones de hielo dentro de la caja como prueba de 
un enfriamiento suficiente y continuo. El brocoli frecuentemente se 
empaca en cajas de cart6n que contienen aproximadamente 20 libras 
de producto. 

El enfriamiento de 20 libras de brocoli de 850F a 450F requiere la 
remoci6n de aproximadamente 800 Btu de calor. Asumiendo que
durante su envfo y manejo adquiera o'ros 1,000 Btu del exterior, el 
total de carga de calor por caja serra de 1,800 Btu. Por lo tanto, la 
cantidad mfnima de hielo requerida para proveer un enfriamiento 
apropiado seria de: 

1.8O Btu/c a/ = 12.5 i/brasde 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 mdtodo de hielo 
lfquido, es posible que se requiera de otras 10 libras de hielo pof c-ija para
enfriar y mantener el agua en la masa aguada a una temperatura taja. Por 
lo tanto, en este ejemolo, 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 oe un volumen de poco a moderado, el uso de 
hielo puede proveer una opo16n de enfriamiento a bajo costo. 

La desventaja principal del uso de hielo en un producto es que el peso del 
hielo incrementa substancialmiente el peso de embarque. El 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 s6lamente como un mdtodo de enfriamiento y no
 
como un medio para mantener la cadena frfa durante su transporte a6reo.

No es econ6mico el envro de cajas de producto altamente perecedero

Ilenas de hielo per la vfa adrea.
 

F. Condiciones de Almaenale 

Las temperaturas quo 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 daiio por fMo. Es muy importante que las temperaturas dentro 
de un cuarto ftfo de almacenamiento no fluctuen para que el producto no so
congele. Es aconsejable instalar un termostato de rango exacto de 
temperatura (con rango de 1-20C) para prevenir grandes fluctuaciones de
 
temperatura en el cuarto de almacenamiento. Los termostatos deberdr
 
colocarse a aproximadamente 1.5m (5 pies) sobre el piso (para su fdcil

revisi6n) y en varios lugares del cuarto. 
 No deberdn situarse cerca de puertas 
o cerca de descargas de aire de las unidades de refrigeraci6n. Se necesita una
circulaci6n uniforme de aire dentro del cuarto de almacenaje para remover el
calor de respiraci6n del producto. La circulaci6n de aire dentro del cuarto de
 
almacenaje debera ser suficiente para remover el calor producido durante la

respiraci6n, asf como para remover el calor que se infiltra dentro del cuarto.
 
Generalmente, es adecuado un rango de aire de 0.06 a 0.12m3 /min por

tonelada mdtrica de producto (20 a 40 cfm/ton).
 

Esto asume una colocaci6n apropiada de las cajas dentro del cuarto para

permitir el movimiento de aire a trav6s de uno o 
dos lados de la caja. Tambi~n 
asume que el producto fue completamente enfriado antes de su almacenaje. 

Dado que todas las frutas, vegetales y flores de corte estdn sujetas a 
marchitez, es esencial un grado alto de HR dentro del cuarto de 
almacenamiento. Se recomienda que la mayorla de productos sean
almacenados entre 90 y 95% de HR. Los productos deben ser enfriados a 
cerca de 0 0-1°C antes de ser almacenados en ambientes de alta humedad. La 
condensaci6n de humedad en la superficie del producto (sudor) puer,3 producir
pudrici6n y debe de evitarse. 

Las puertas de areas refrigeradas de almacenaje deberdn ser protegidas con 
cortinas de tiras pldsticas parareducir la ganancia de calor. El aire tibio
reducird rdpidamente la HR en el cuarto frto de almacenaje. Se puede obtener 
una HR alta par medio de Iosiguiente: 
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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 toner un area grande de superficie de la serpentina del evaporador.
O 
mantener la temperatura de las serpentinas de refrigeraci6n dentro de 1°C 

de ia temperatura del aire. 

El agregar agua en el cuarto de almacenaje incrementard la HR pero la mayor
condensaci6n de humedad en las superficies enfriadoras incrementard lafrecuencia de descongelaci6n de sistemas de serpeninas secas. 

Hay varios tipos de instrumentos de medici6n de humedad relativa disponibles.
Un Instrumento comn es el psicr6metro tipo "sling" con dos term6metros.bulbo de un term6metro esta descubierto y el del otro esta cubierto con una 

El 

mecha que ha sido mojada con agua destilada. Este psicr6metro de bulbo seco y bulbo mojado trabaja bajo el priicipio de que si el aire del ambiente no
estS saturado, el agua de la mecha mojada se evaporar , y asf enfriard el
bulbo mojadc. El bulbo mojado cae a una lemperatura definitiva cuando el

calor recibido por conducci6n y convocci6n del aire flutando sobre el bulbo
balancea el agua pura en la mecha. 
 De lai diferencias en las temperaturas delos bulbos seco y mojado, se puede determinar la HR de reglas generalesproveidas con el psicrdmetro o de tablas psicomdtricas (ver figura 31). La
influencia de la presi6n atmosfdrica es insignificante y no necesita ser tomada en cuenta para los prop6sitos ms practicos. El movimiento rdpido de airesobre los term6metros es esencial para determinaciones exactas. Esto puede

ser efectuado por el movimiento de los term6metros o mds efectivamente

Ilevando un flujo constants dc aire a travds de los bulbos en un recipiente

cerrado. Las lecturas deberdn hacerse rapida y cuidadosamente. 

Las lecturas diiectas de humeclad relativa pueden hacerse con higr6metros de
pelo o bien con los de tipo "gold beoter's skin'. Estas medidas estdn basadas en el principio de que los filamentos organicos cambian su longitud como
funci6n de humedad relativa. Estos-instrumentos son relativamente baratos yno muy exactos, especialmente en humedades altas. Los higr6metros
eldctricos se estdn usando cada vez mds para mediciones de humedad y paracontrolar equipo humedecedor. La operaci6n de dstos se basa en la habilidad
de una pel'cula higrosc6pica para cambiar su resistencia eldctrica
instantaneamente con un pequefio cambio en la humedad relativa. 

1. Sistemas de Refrigeracl6n 

Los elementos bdsicos de un sistema de refrigeraci6n son: refrigerante,
 
compresor, condensador y evaporador. 
 En el almacenaje convencional
refrigerado, el aire en el cuarto de almacenaje se enfrfa dirigidndolo sobre 

31
 



tuberfas o serentinas a trav6s del cual circula el refrigerante. Mientras

mds grande sea la superficie de las serpentinas enfriadoras, mds cercana
 
serd la temperatura del refrigerante en alcanzar Ia temperatura de aire
 
deseada, y par ende se alcanzard la mayor humedad (ya que la
 
condensaci6n de humedad en las serpentinas se minimiza).
 

Las figuras 32 y 33 muestran los componentes de un sistema tfpico de

refrigeraci6n mectnico. El Irquido refrigerante pasa a trav6s de la vdlvula
 
de expansi6n, donde Ia presi6n cae y el Ifquido se evapora a temperaturas
Io suficientemente bajas para ser efectivo en la remoci6n del calor del araa
de almacenaje. El calor del material a ser enfriado, se transfiere hacia el
aire del cuarto, el cual es forzado a pasar par el evaporador (serpentinas do 
enfriamiento localizadas en el cuarto), usualmente es un tuba 
transformador de calor, el cual cambia el calor del aire hacia el refrigerante
causando que dste se evapore. DespOes de su cambio total a gas, dste 
camabia c aumento su presi6n par medio de un compresor y luego pasa a
travds de un condensador en donde es enfriado y se convierte en lIquido.
El condensador estd colocado nfuera del area de almacenaje y despide
calor. El lfqukdo se almacena en el recibidor y es expulsado conforme sea
necesario para el enfriamiento. Una serpentina de refrigeraci6n disefiada 
especlficamente para un hidroenfriador se muestra en la figura 34. 

a. Yilia Exansi6n 

Pequefios sistemas mecdnicos de retrigeraci6n son controlados
principalmente par una v~lvula de expansi6n, la cual regula la presi6n
del refrigerante en el evaporador. Las presiones bajas causan que el
IIquido refrigerante se evapore a temperaturas bajas. La vdlvula 
tambidn controla el flujo del refrigerante, el cual afecta la cantidad de
capacidad de refrigeraci6n disponible. Los tipo mds cornunes de
vdlvulas de expansi6n son tubas capilares y vdlvulas de expansi6n
termostdtica. 

b. aloao 

Los cuartos frlos de almacenamiento modernos usualmente utilizan 
evaporadores de tubas refinados. El aire del almacenaje es forzado a 
pasar a travds de los tubas par los ventiladores, los cuales son parte
de una unidad completa de evaporaci6n. Los evaporadores qie 
operan cerca de O°C (32°F) acumulan escarcha que debe ser removida 
para mantener una eficiente transferencia de calor. El proceso de 
descongelamiento puede hacerse par medio de: la inundaci6n con 
agua de las serpentinas en forma perlodica; par medio de calentadores 
eldctricos; dirigiendo gas refrigerante caliente hacia los evaporadores, 
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o puede hacerse tambidn si se descongela continuamente con una 

soluci6n salina o una de glicol. 

c. ,Cfln[naf 

Los condensadores se catalogan como enfriados por aire o bien
enfriados por agua. Los sistemas pequeiios generalmente utilizan una
unidad do onfriamiento por aire. Muchos tipos de refrigeraci6n
domdsticos, por ejemplo, tienen un tubo de serpentina en la parte de 
atrds la cual permite quo fluya una corriente natural de aire. Los
sistemas mds grandes utilizan un ventilador quo provee que el flujo de
aire pase por el condensador. Los condensadores grandes
generalmente son enfriados por agua. El agua e. mejor conductor do
calor que el calor, permitiendo quo condensadores enfriados por agua
sean ms pequerios 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
atenci6n a la calidad del agua para mantener la eficiencia y prevenir
darios al transformador de calor. 

e. ergrne 

Los refrigerantes mds comtnmente usados son amonia y frion.
 
Ambos tienen gran capacidad de absorber el calor. La elecci6n de

cual refrigerante usar en un sistema mecanico (recompresi6n de vapor)
 
se basa en los siguientes factoros:
 

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

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

o Toxicidad. El amonia en concentraciones muy pequefas puede
da~ar los productos hortlcolas. Tambi6n es t6xico para los seres 
humanos. 
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IV. SUMARIO 

El reto para el futuro para pequehos productores de pocos recursos sers el adoptary utilizar metodos de enfriamiento de poscosecha apropiados a las empacadoras
existentes. Solo a travds del manejo spropiado 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
6xito en comercio internacional de productos hortrcolas. 
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Table 1. 
Respiration rates of fruits and vegetables, expressed
as rates of carbon dioxide production (mg/kg.h), at 
various temperaures' 

Commodity and 
source reference 

0"C 
(32*F) 

4-5*C 
(40-41"OF) 

Temperature
T0C 15-16"C 

(5n F") (59-40 F) 
20-21"C 
0-70*F) 

25-27*C 
(77-W0 F) 

Apples, summer (857, 882) 
Apples, fall (428 862) 
Apcots (158. 356) 
Artlchoksa, globe (751) 
Asparagus (516) 
Avocados (87) 
Bananas, green 2 (262) 
Baunanas. ripening (262, 681) 
Beans, lima (941) 
Beans, snap (1011) 
Bean sprouts (528) 
Beets, "opped (857) 
Beets, with lezv6s (768) 

3-6 
2-4 
5-6 
15-45 
27-80 

-
10-30 
20 
21-25 
5-7 
11 

5-11 
5-7 
6-9 
26-60 
55-138 
20-30 
-
_ 

20-36 
35 
42 
9-10 
14 

14-20 
7-10 
11-19 
55-98 
90-304 
-
-
21-39 
-
58 
93-99 
12-14 
22 

18-31 
9-20 
21-34 
76-145 
160-327 
62-157 
21-23 
25-75 
100-125 
93 
-
17-23 
25 

20-41 
15-25 
29-52 
135-233 
275-500 
74-347 
33-35 
33-142 
133-179 
130 
-
-
40 

-

-
145-300 
500-600 
118-428 
-
50-245 
-
193 
-
-

Berries 
Blackberries (768, 857) 
Blueberriesi 
Cranberries' (40) 
Gooseterries (428, 861) 
Raspberries (324) 
Strawberries (600) 

Broccoli (817) 
Brussels sprouts (558) 
Cabbage (817, 977) 
Carrots, topped (817) 
Carrots, bunched (817, 768) 
Cauliflower (817) 
Celery (554, 977) 
Caleriac (428) 
Cherries, sweet ,270, 623) 
Cherries, sour (356) 

Catrus 

18-20 
2-10 
-
5-7 
18-25 
12-18 
19-21 
10-30 
4-6 
10-20 
18-35 
16-19 
5-7 
7 
4-5 
6-13 

3141 
9-12 
4-5 
8-16 
31-35 
16-23 
32-37 
22-48 
9-12 
13-26 
25-51 
19-22 
9-11 

,15 
10-14 
13 

62 
23-35 
-
12-32 
28-55 
49-95 
75-47 
63-84 
17-19 
20-42 
32-62 
32-36 
24 
25 
-
-

75 
34-62 
-

27-69 
82-101 
71-92 
161-186 
64-136 
20-32 
26-54 
55-106 
43-49 
30-37 
39 
25-45 
27-50 

3155 
52-87 
11-18 
41-105 
-
102-196 
278-320 
86-190 
28-49 
46-95 
87-121 
75-86 
64 
50 
28-32 " 

39-50 

-
78-124 
-
-
_ 

169-211 
-
-
49-63 
-
-
84-140 
-
-

53-71 

Graoefruit (323, 325, 817) 
Lemons (323, 325) 
Umes, Tahit 4 

O-ges (323, 325, 817) 
Cucumers (224) 
Endive (428) 
Figs, fresh (159) 
Garlc (570) 
Grapes, American (549) 
3rapej. vinifera (706) 
Cale (409) 
(ohlrabi (713) 
Oiwifruit (353) 
.,eks (412) 
.ettucn, head (648, 817) 
.ottuce, leaf (817) 
.ychees (18) 
Gangos (455) 

-

-
2-5 
-
45 
-
4-14 
3 
1-2 
16-27 
10 
3 
10-20 
6-17 
19-27 
-
-

-

-
4-7 
-
52 
11-13 
9-33 
5 
3-6 
34-47 
16 
6 
20-29 
13-20 
24-35 
-

10-22 

7-9 
11 
-
6-9 
23-29 
73 
22-23 
9-10 
8 
8 
72-84 
31 
12 
50-70 
21-40 
32-46 
-
-

10-18 
10-23 
6-10 
13-24 
24-33 
100 
49-83 
14-29 
16 
10-12 
120-155 
49 
-
75-117 
32-45 
51-74 
-
45 

13-26 
19-25 
7-19 
22-34 
14-48 
133 
57-95 
13-25 
33 
-
186-265 
-
16-22 
110 
51-60 
82-119 
-
75-151 

19 
20-28 
15-45 
25-40 
19-55 
200 
85-106 
-
39 
25-30 
-

-
107-119 
73-91 
120-173 
75-128 
120 

;ee footnotes at end of table. 
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Table 1.
 
Respiration rates of fruits and vegetables, expressed
as rates of carbon dioxide production (mg/kg.h), at
various temperatures 1 -Continued 

Conmodlty and TemperatureO0C 4-5"C source reference (32F) 
10"C 15-16"C 20-21'C 25-27"C(40-41"F) (50"F) (59-60 F) (68-700F) (77-0"F) 

MelonsCantaloups (817) 5-6 9-10 14-16 34-39Honey Dew (7 817) 45-65 02-71-
Watermelons (817) 

3-5 7-9 12-16 20-27 26-35
6-9Muohrooms (554, 860) 

- 3-4 - 17-2528-44 71 100 -Onions, dry (817) 264-316 -3 3-4Onions, green (410) 7-8 10-11 14-19 27-29Otua (877) 10-32 17-39 36-62 6-115 79-178 98-210Paa (42) 6 -1 9 1 89 -1- 53-59 
- 86-95 138-153 248-274- 328-36227-46

Papayas (442) 40-105 56-128Parsley (417) - 4-6 - 15-2230-40 53-76 - 39-8885-164 144-184 196-225Parsnips (857, 977) 291-3248-15 9-18Peaches (322, 323) 20-26 32-46 4-6 6-9 16 33-42Pears, Bartlett (24, 563) 59-102 81-1223-7 5-10 8-21P-a, Ksoffer (553) 15-W0 30-70 
-Peas, unshelled (941) 

2 - 11-24 15-28 20-2930-47 
Peas, shelled (941) 

55-76 68-117 179-202 245-361 343-37747-75 79-97 -Peppers, sweat (817) - 349-556 -- 10 14Persimmon, Japanese (280) 23 44 55 
- 6 -Pineapples, mature-green (817) 2 

12-14 20-24 29-40-

Plums, Wickson (157) 4-7 10-16 19-29 28-43
2-3 4-9 7-11 12Potatoes, immature 4 18-26 28-71- 12 14-21Potatoes, mature' 14-31 18-45- 3-9 7-10Radishes, with tops (554) 6- ,2 8-16 14-17 19-21 31-36Radishes, topped (554) 70-78 124-136 158-1933-9 6-13 15-16 22-42Rhubarb, stalk (407) 44-58 60-899-13 11-18Romaine (877) 25 31-48 40-57- 18-23 31-40 39-50Rutabagas (428, 977) 60-77 95-1212-6 5-10 15 11-28Spinach (817) 41 _19-22

Squash, Butternut 4 35-58 82-138 134-223 172-287 
- -Squash, summer (554) - 66-12112-13 14-19 34-36 75-90Sweet corn, w/husks (817, 941) 85-97 30-51 43-83 104-120;weotpotatoes, noncured (554) 151-175 268-311 282-435 - - 29iwoetpotatoes, cure' (508) - 54-7314 20-24 romatoes, mature-green (817) 

-
- 5-8 12-18 16-28romatoes, ripening (817, 1058) 28-41 35-51- - 13-16 24-297urnps, topped (817, 857) 24-44 30-526-9 10 13-19Vtercress (417, 857) 21-24 24-25 15-26 44-49 91-121 136-205 302-348 348-438 

Respiration rate often shown as a range To com- 2pute heat evolution rates at harvest time, use either 
At 13" C (55" F) green bananas 14-20 mg CO 2 kg-h

the highest figure or median one 3 Respiration rate at 18" C (65" F)To convert to I Sources of unpublished data as follows- R EBtu/ton (2,000 lb)124-h day, multiply respiration ra:teby 220 To convert to kcal per 1,000 kg/24 h. multi, 
Hardenburg, formerly USDA. Beltsville, MD, data onblueberries and limes: R Cply by 61 2. Some data included for low tempera. Wright and T M
Whileman, formerly USDA, Beltsville,
tures which cause injury to certain commodities or on cranber. 

cultivars, such as avocados, mango, okra. papaya, 
ries and sweetpotatoes. LL Morris, Univ Calif,Davis. n potatoes and Butternut squashpeppers, pineapple, tomatoes and Zucchini squash,
these low temperatures are potentially dangerous


and should be avoided (see text)
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rabla 2 . Temperatura y humedad relativa recomendadas, y vida de transito y almacenamiento aproximada
3ara frutas y verduras 

Temperatura HumedadProducto 	 Vida 
CI 
 Relatrva aproximadade 

(pocCzento) almacenamiento 
namranto (Amaranth) 0-2 32.36 95.100 10-14diasA (Ants) 0-2 32-36 90-95ppies (Awtzanas) 	 2.3 semamns

-1-4 30-40 90-95 1-12mesespncox (Aftacoqm) -0.5-0 31-32 90-95 1-3 semanasw chodce. glob (Alacachota. globu) 0 32 95-100 2-3 semanasmanpar (Peraaswa ca) 1 34 90-95sparagus (Esparago) 	 5-6 mOess 
0 2 32-36 95100!omoya(Atemoya) 	 2-3 somanas
13 55 85-90 4.6 semanasfocados Fuerte. Hass (Aguacate. Fuerte. Hass) 	 457 85-90 2 semanasrocados. Luta Boolh-I (Aguacate. Lula. Booth-1) 4 40 90-95 4-8semanasWc-aios Fuchs. Polock (Aguacate. Fuchs. Pollock 13 55 85-90
Iaco (Baba-,o) 	 2 semanas
7 45 85-90 1-3 semanasVnanas. green (Banan, verde) 13-14 56.58 90-95 1-4 semanasMados cherry (Cereza de Barbados) 0 32 85-90ansprouts(Reorasdefn/o,) 	 7-8 semanas 
0 , 32 95-100-ns.dy(Fni seco) 5-9dias
 

4-10 40-50 40-50 
 6-10mesesa,'s.green ofsna (Elores) 4.7 40-45 95 7-10diasans. kma. in pods (Fnlol. hma en valnas) 5-6 41-43 95 5 diasots -Nnxcted(Remoac.a. manolos) 
ets oppedRemolaclha desnolada) 

0 32 98-100 10-14dias
0 32 98-100igian endsve (Endivwa oelgaj 	 4-6 meses

2-3 36-38 95-98 
 2-4 somanas'ermelon (Melon arnargo) 12-13 53-55 85-90 2-3 semanasck sapote (ZaDote negro) 13-15 55-60 85-90 2-3 semanasccbemes (Mora) -05-0 31-32 90-95 2-3diasodorange (Naranlas sanguina) 4.7 40.44 90-95 3-8 semanaseoernes (Arandano) -05-0 31-32 90-95 2 semanas:Choy (B10k choy) 

Nato (Bonato) 

0 32 95-100 3s-'.anas
 
13-15 55-60 85-90 4-5uocsesadfrut (Fr..:a delpan) 13-15 55-60 85-90 2-6 semanas 

0 32 95-100 10-14dlas 
=COti (Brocoii) 
memssprouts (Colde bruselas) 0 32 95-100 3-5 semanasOage. early (Repollo temrpanero) 0 32 98-100 3-6 semanasbage. late (Repollo tardo) 0 32 98-100 5-6 mesastus leaves (Hojas de cacto) 2-4 36-40 90-95 3 semanastus Pear (Tuna) 2-4 - 36-40 
rnto (CaArto) 90-95 3 set,'nas

3 38 90 3 sernanas,.aza (Calabaza) 10-13 50-55 50-70 2-3 mesesmondM (Calamondin) 9-10 48-50 90 2 semanasstel (Carnstel) 13-15 55-60 85-90 3 semanas
aioups [3 /4 -ship] (Cantalupo(3/4 shp) 	 2-5 36-41 95 15das
aloups (full-sip (Cantalup [slp entero) 02 32-36 95mboda (Carambola) 	 5-14dias

9-10 48-50 85-90 3-4 semanasats. buncned (Zanahona. manolo) 0 32 95-100 2 semanasS,.mature (Zanahona. madura) 0 32 98-100 7-9 mesasts. inmnature (Zanahona. tlema) 0 32 98-100aw app e (Maralion) 	 4-6 semanas
0-2 32-36 85-90Iower(Cohiflor) 	 5 semanas 
0 32 95-98 3-4 semanastac (Cilenac) 

y (Apo) 
0 	 32 97-99 6-8 meses 

32 98-100I (Ace0ga) 
0 	 2-3 meses 
0 32 95-100 10-14diasxe squash (Chayote) 7 45 85-90 4-6 semanas 
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Tabla 2 . Temperatura y humedad relativa recomendadas, y vida de transito y almacenamiento aproximadapara frutas y verduras.-Sigue 

Producto Temperatura
C HumedadOF VidaRelativa aproximada de 

COermoya (Chtrimoy) (prcento) Almacenamiento13 55Cherries. sour (Ceruzas, amagas) 90-95 2-4semanas 
Chenes, sweet (Crezas.duces) 

0 32 90-95 3-7 das.1.05Chmwsebrcco (cod ctno) 30-31 90-95 2-3 samanas
Chws Cobbage (Repoo ctun) 0 32 95-100 10-14das
C, ne long bean(Eple t)o largo) 

0 32 95-100 2-3 mees
Clermeco ne (Cemn naj 4.7 40-45 90-95 7-!0dias
Coconuts (Coca) 4 40 90-95 2-4 semanasCollards (Colnzaod) 0-1 5 32-35 80-85 1-2 meses
Corn, sweet (Matz ouce) 0 32 95-100 10-14dias
Cranberries (Padano 0 32 95-98 5-8 das
Cucumbers (Pepno) 2-4 36-40 90-95 24meses10-13 50-55Currants(Pasa) 95 10-14 diasCustard apples (Ancra) -0 5-0 31-32 90-95 1-4 sarnanas
Dades (Daikon) 5-7 41-45 85-90 46semanas0.01Dales(Oaries)a18-0 32-34 95-100 4meses
Dewternes (Zarzamora) 0-32 75 6-12mesas-0 5-0Eunan ( eunon) 31-32 90-95 2 3das
Eggpeants (Benjerena) 4-6 39-42 85-90 6-8 semanas
Erderoernes 12 54
rSauco 90-95 1semana-05-0 31-32Endive and escarole (Endivia yescaroia) 90-95 '-2 semanas
Fetsoa (Fecoa) 0 32 95-100 2-3 semanas5-10 41-50(HigosFogs, fresh 90frescos) 2 3semanas-05-0 31-32Garlic ( an) 85-90 7-100das0 32Ginger rool (Gangibre) 65-70 6-7meses
Goosebernes(Groelaesnosa) 13 55 65 6mesesGranadna (Granadillaj 05-0 31-32 90-95 3-4 semanas
Grapefrui Calif &Anz (Toronla. Calif yAnz) 

10 50 85-90 3-4 semanas
14-15 58-60
Grapefruit. Fla &Texas (Toronlz, Fla y Texas) 85-90 6-8 semanas10-15 50-60Girapes Vinftera(Uva wfndera) 85-90 6-8 semanas-1a-05 30-31G;aoes American (Uva. americana) 90-95 1-6meses-05-0 31-32Greens leaty (Veraurasholosas) 85 2 8semanasGuavas (Guavaba) 0 32 95-100 2IC diasHarco vert (R-lanco ven) 5-10 41-50 90, 23semanasHoerzsh(Aibano pca t) 4:7 40-45 95 7-10jas-1.0Jaboucabt (Jaboca) 30-32 98-100 10-12 meses
Jackifarngt (Nanlea) 13-15 55-60 90-95 2.3dhas13 55Jafftorange (Naran, aeJafla) 85-90 2-6 semanas8-10 46-50JaPanee eggplant (Teunalapo7 e 85-90n ) 8-12 semanas
JesaemArchoe(Tupinambu) 8-12 46-54 90.95 1semana
JKaia(icar a) -0 5-0 31-32 90-95 4-5 mesas13-18 55-65Kale (Berza) 65-70 1-2meses
Kiwano (Kiwano) 0 32 95-100 2-3 semanas10-15 50-60(witfrutt (Kiw) 90 6meses
(ofinrat (Conabo) 0 32 90-95 3-5 mesas
(urquats (Kumquat) 0 32 98-100 2-3 mesas
.Angsat(LangsaT) 4 40 90-95 2-4 semanas11-14 52-58,eeks (P erro) 85-90 2semanas 
-mtcs (Lmones) 0 32 95-100 2-3 meses10-13emrc. (Lechuga) 50-55 85-90 1-6 meses0 32 98-100 2-3 sremanas9-10 48-50 85-90 6-8 semanas 
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Tabla 2. Temperatura y humedad relativa recomendadas, y vida de transito y alrhacenamiento aproximadapara frutas y verduras.-Sigue 

ProduC 	 Temperatura Humedad VidaC 
 F 
 Relauva aproximada de 

L--o ( ,bokj 	 (por ciento) almacenamienio 
0-15Loganbernf (Framtne) 	 32.35 95-100 2-4 meses-05-0Longan(Logan) 	 31-32 90-95 2-3dias15Loqua (wLOWA) 	 35 90-95 3-5 semanas 

ychg (LMah,) 	 0 32 90 3 semanas 
-,nga(Maanga) 	 i 5 35a. 	 90-95 3-5 sesrnnas 

.Awney (Mangy) 	 7 45 70-80 3 meses
Aangoes (Mango) 	 13-15 55-60 290-95 -6samanas 
4angowieen 	 13 55( angostan 	 85-90 2-3 semanas13 55 85-90 2-4 semanas40lons (AMelones) 
crsaw

Crensh~w 	 10 50 90-95 3 semanas;o eydew 	 7 45 90-957 	 2semanasPearsan(Persia) 	 45 90-95 3 semanas 

WShrooms (Hongos) 
7 45 90-95 2 semanas 

ecW-arMes (Meowt.:6n) 	 0 32 95 3-4dias-05-0 31-32kra (Oira[Ouinbombo) 	 90-95 2-4 semanas
45-50Wves. tresti (Aceitunas. Irescas) 	

7-10 90-95 7-sdias5-10rons.green (Cebollas. verdes) 	 41-50 85-90 4-6 semanas0 32,,ons. drY (Ceoollas. secas) 95-100 3-4 semanas0 32wen sets (Ceolla. plantula) 	 65-70 1-8 mesas0anges Calif &Ariz (Naranjas Calif yAriz) 	
32 65-70 6-8 meses
38-48anges. Fla &Texas (Narantas Fla y Texas) 

3-9 85-90 3-8 semanas 
ya (Papaya) 0-1 32-34 85-90 8 -12semanas7-13 45.55nfrui? (Maracuya) 	 85-90 1-3 semanas7-10ley (Pereil) 	 45-50 85-90 3 -5 semanas0 32ips (Pestinaca) 	 95-100 2-25 semns 

ches (Duraznos) 	 0 32 95-100 4-6 meses-05-0
s (Peras) 	 31-32 90-95 2-4 semanas-1 5a-05 29-31*green (Arvejas) 	 90-95 2-7 meses
 
outhe o(Arveas delsur) 

0 32 95-98 
 1-2 semanas4-5 40-41no (Pepno1:ree melonD 	 95 . 6-8 diasK 4 40rs. Chli fdryj (Chiles p'cantes [se c)) 	 85-90 1mes32-50r. sweet (Pimiento) 	
0-10 6C-70 6 moses 

= 	 Japanese(Caqu) 
7-13 4555 90-95 2-3 semanas
1 30
apples (P"na) 	 90 3-4 mses7-13 " 45-55 85-90 2-4 semanaslain (PIrano)and prunes (Cruelasnyaca eapa)) 	 13-14 56-58-05-0 	 90-9531-32 	 1-5 semanas90-95 2-5 semanasranates (Granada)41 	 9-95 2-3 mess 

toes.eary Crop lemraneras)
nes. late cop (Papas.(Papas. tardias) 	 10-16 50-60 90-95
nIbn (Pomeaio) 	 4 5-13 40-55 90-95 10-14dias
5-10 meses7-9ins'$(Calabalas) 	 45-48 85-90 12 semanas10-13 50-55
:*3 (Membrcilo) 	 50-70 2-3 mesas-05-0Ictui (Rad ichlo) 	 31-32 90 2-3 meses32-34 
 95-100 


95-100 


hes. spring (Rdbano de pnavera) 
- 0-1 	

2 3semanas 
has.wner (Rbano do invemo) 

0 
0 

32 	
3-4 semanas

32-uan(Rambutan) 	 95-100 2-4 meses12 
 54e' s (Frambuesa) 	 90-95 1-3 semanas-05-0g (Ruabarbo) 	 31-32 90-95 2.3dias0gas (Rutabaga) 	 32 95-100 2-4 semanas0 32 98-100 
 4-6 meses 
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Tabla 2 . Temperatura y humedad relativa recomendadas, y vida de transito y almacenamerinto aproximada 
para frutas y verduras.-Sique 

Producto 

Salsfy (SAIIfI) 
SanoI (Santo) 

Saodlilla(Chico Zapote) 

Scorzonera (Salsu nmro) 

Seedess cucumbers (Pepinos sin semila) 

Snow peas (vela cina) 

Soutrsoo(Guanabana) 

Spinach (Espinaca) 

SQuashes. summer (Calabacita de veranos) 

Squashes winter (Calabacta do invemo) 

Strawbemes (Fresa) 

Sugar apples (Anona) 

SwOe [tatoes (Camote) 

Tananulos (Tamanlo) 

Tamannas (Tamarindo) 


Tangernes mandanns and related ctr.s fruits
 
(Tangennas mandannas y frutascatncasafines) 
Taro root (Taroj 

Tomatlos (Tomatillo) 

Tomatoes mature-green(Tomate sazon) 

Tomatoes firm-noe (Tomate maduro firme) 

Turruips (Nabo) 

Tumip greens (HOlas de nabo) 

Ugh fnut (Ugh) 

Watercnestnuts (Castauia de agua) 

Watercress (Ben-o) 

Watermelon (Sandia) 

White saoote (Zapote blanco) 

White asoaragusEsparragoblanco) 

Winged bean (Elote alado) 

Yarns (Nlame) 

Yucca root (Yuca) 


"C 
Temperatura 

OF 
Ilumedad 
Relativa 

Vida 
aproximadade 

(po ciento) almacenamiento 

0 32 95-98 2-4 mesas 
7-9 45-48 85-90 3 samanas 

16-20 60-68 85-90 2-3 semanas 
0-1 32-34 95-98 6 mesas 

I0-13 50-55 85-90 10.14 dias 
0-1 32-34 90-95 1-2 samanas 
13 55 85-90 1-2 semanas 
0 32 95-100 10-14dias 

5-10 41-50 95 1-2 semanas 
10-13 50-55 50-70 2 3 meses 

0 32 90-95 5-7dias 
7 45 85-90 4 semanas 

13-15 55-60 85-90 4-7 meses 
314 37-40 85-95 10semanas 

7 45 90-95 3-4 sernanas 

4 40 90-95 2-4 sernanas 
7-10 45-50 85-90 4.5 meses 

13-15 55-60 85-90 3 semanas 
18-22 65-72 90-95 1-3semanas 
13-15 55-60 90-95 4-7dias 

0 32 95 4-5 meses 
0 32 95-100 10-14 dias 
4 40 90-95 2-3 semanas 

1-2 32-36 98-100 1-2 meses 
0 32 95-100 2-3 semanas 

10-15 50-60 90 2-3 semanas 
19-21 67-70 85-90 2-3 semanas 
0-2 32-36 95-100 2 3 semanas 
10 50 90 4 semanas 
16 61 70-80 6-7 meses 
0-5 32-41 85-90 1-2 meses 

Fuentes En gran ane de HlarCtenb, Walada. y Wang (7), taiben do Bu wradHouwing. yJansen (3) Martin (11). Maxwell y Ma"Il (12). (13). Ort Books (15).Pantasuco 117). Pipers Constant y Janson (18). The Packer (16) Proouce Marketing Associ on (201 Saleway Storesa u Inc (25) United Fres Fruit and VegetacieAssociation (.10) Tarnoten se ootuvo intotnacion de J R Brooks & Son LMcy de Fneca s Finest Procuce Specialies Inc 
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Tabla 3. Temperatura, humedad relativa y periodo aproximado de transito yalmacenamiento recomendados para flores cortadas y follale de florlsteria. 

Producto 

Cut Flowers (Fioresctadase 
Aca=a(Acms) 
Astnoemena (Aistroemna) 

Alium (,Aiun) 

Anemone (Anemone) 

Anlhunum (Anthruium)r 

Aster. China (Aster, China) 

Bird of Paradise (Ave delparasso) 

Bouvardia (Bouvardza) 

Buddleta (Buddeta) 

Calendula (Calendula) 

Calla (Caa) 

Camelia (Camebsaj 

Candytuft (Carraspique) 

Carnation (Clavo).

Carnation buds (Capullos de C;avel)

Carnation. miniature (C/ave rlnnatura) 

Chrysanthemum (Cnsantemo) 

Clarkia 

Colombine 

Coreop3is 
Cornflower (An'cano) 
Cosmos 
Crocus 
Dahlia (Daha) 
Daisy. Englism (Margarita Inglesa)

Daisy, Marguerite (Margarita) 

Daisy. Shasta 

Delphinium (Delfinio) 

Euchans (Euchans) 

Feverfew (Matmcana) 

Forget-me-not (No me otvies)

Foxglove (dedalera) 

Freesia (Freesia) 

Gallardia (Gaillardta) 

Gardenia (Garjerna)' 

Gerbera (Gerbera) 

Ginger(Gengbre) 

Gladiolus (Gladous) 
Glonosa (Glwisa) 

vm noas al finaj Oeli tabis 

C 

4 
4 
0-2 
4-7 
13 
0-4 
7-8 
0-2 
4 
4 
4 
7 
4 

-05-0 
-05-0 
-0 5-0 
-05-0 
4 

4 

4 

4 

4 

05-2 
4 

4 

2 

4 
4 
7-10 
4 
4 
4 
0-05 
4 
0-1 
1-4 
13 
2.5 
4.7 

Temperatura do 
almacenamiento 

F 

40 
40 
32-35 
40-45 
56 
32-10 
45-46 
32-15 
40 
40 
40 
45 
40 
31-32 
31-32 
31-32 
31-32 
40 
40 
40 
40 
40 
33-36 
40 
40 
36 
40 
40 
45-50 
40 
40 
40 
32-33 
40 
32-34 
34-40 
55 
35-42 
40-45 

Periodo 
aproximado de 

almacenamiento 

3-4 dlas 
2-3dias 
2semanas 
2dias 
2-4 semanas 
1-3 semanas 
1-3 semanas 
1semana 
1-2dias 
3-6dias
 
1semana
 
3-6dias
 
3dias 
3-4 semanas 
4-12 semanas 
2 semarnas 
3-4 semanas 
3 dias 
2dias
 
3-4dias
 
3dias
 
3-4 dias 
1-2 semanas 
3-5dias 
3dias
 
1-2 semanas
 
7-8dias
 
1-2dias
 
7.10 dias 
3dias 
1-2dias 
1-2dias 
10-14dias 
3dias 
2semanas 
1-2 semanas 
4-7dias 
5-8dias 
4-7dias 

41
 



ITabla 3. Temperatura, humedad relativa y periodo aproxmado de transito yalmacenamiento recomendados para flores cortadas y follaje de 
floristeria.-Sigue 

Producto 

Godeba (Godeaa) 

GypsoWhila (Gyposoplia) 

Heather (Brezo) 
Helxctxwa(Heonia) 
Hyaonm (Jacinto) 

ins. bulbous (Ins butbosa) 

Lacellower(Encate) 

Lilac forced (Lila forzada) 

Lily (Lno) 

Uly-ol-the-valley (Lino del valle) 
Lupine (Lupine) 
Mangolds (Maravdla) 
Mignonee (Reseda) , 

Narossus (Naroso) 

Orchid. cattelya (Orqudeacattleya)' 

Orchid. cymb4dum (Orquidea cymbriatum) 

Orcnid. vanda (Orquidea vanda) 

Onnthogalum 

Peony, tilgh buds (Peonia capullo aprerado) 

Phlox (Plox) 

Poinsetta 

Poppy (Amaroa) 
Pnmrose(Pnmavera) 
Protea 

Ranunculus 

Rose (in preservanve) (Rosa [en preservatlvoJ) 

Rose [dry packj (Rosa (empaque secoJ) 

Snapdragon (Dragon) 
 , 

Snowdrop (Coo deneve) 

SuiJll (Esquila) 

Slatlce(Statce) 
Stephanons' 
Stevia 

Stock (A/heh) 

Slrawflower, fresh (Stempreviva. fresca) 

Sweet pea (Gusante de olor)

Swee-wlltrn (Clavelde o/or) 

Tulip (Tui pan) 

Violet (Vo/eta) 

7nnJa (Cw'a) 


Vef noam ai fina do la taba-

OC 

10 
4 
4 
12 
0-05 

-05-0 
4 
4 
0-1 

-0 5-0 
4 
4 
4 
0-0 5 
7-10 

-0 5-4 
13 
4 
0-1 
4 
10-15 
4 
4 

4 
0-5 

0 5-2 


-05-0 

4 
4 
0-0 5 

2-4 

4 

4 

4 

2-4 

-0 5-0 
7 

-0 5-0 
1-5 
4 

Temperalura de 
aimacenamiento 

OF 

50 
40 
40 
54 
32-33 
31-32 
40 
40 
32-34 
31-32 

40 
40 
40 
32-33 
45-50 
31-40 
55 
40 
32-34 
40 
50-60 
d0 
40 

40 
32-41 
33-35 
31-32 
40 
40 
32.33 

35-40 
40 
40 
40 
35-40 
31-32 
45 
31-32 
34-41 
40 

Periodo 
laproximado de 

alrmacenamriento 

1 semana 
1.3 semanas 
1-3 sernanas 
10dias 

2 semanas 
1-2 semanas 
3dias 
4-6 dias 
2-3semanas 
2-3 semanas 

3dias 
1-2 semanas 
3-5dias 
1-3 semanas 
2 semanas
 
2 semanas
 
5 dias
 
4-6 semanas
 
2.6 semanas
 
1-3dias
 
4-7dias
 

3-5 dias 
1-2dias
 

7-10ddas
 
7-10dias
 
4.5 dias
 
2semanas
 
1-2 semanas
 
2-4dias
 
2 semanas
 

3-4 semanas 
1semana 
3dias 
3-5dias 
3-4 semanas 
2 semanas 
3-4 dias 
2-3 semanas 
3-7dias 
5-7dias 
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Tabla 3. Temperatura, humedad relativa y periodo aproximado de transito yalmacenamiento recomendados para flores cortadas y follaje de 
florlsteria.-Sigue 

Producto 

Florst greens (decoative footage) 
(Folale decoraahvo' 

Adiantum (maienhair] (Adianitum culantnllol)
Asparagus [phimosaJ(Esparrago[piu.osa)l 
Asparagus Isprengerj (EsparragofsprengerJ)* 
Suxus [boxwood] (Buxuslboji) 

Cameia (Camelia) 

Cedar (Cedrol" 

Chamaedorea (Chamaedorea) 
Cordyline [tij(Cordyne [til) 
Croton (Croton) 

Dieftfenbachia(Dreffenbactua)
Dracaera (Dracaena) 

Dagger & wood ferns (Helechos)' 

Eucalyptus (Euca plto, 

Galax (Galaxs 
Ground Pine (P'noj' 
Hedera (Hedera 

Ilex [hollyJ (llex(aceoo), 

Juniper Uuipero) 

Leatherleaf [baker fem (Helecho Hoja de Cuero)
Leucothoe drooping (Leucothoe) 
Magnolia (Magnoltai 

Mistletoe (Muerdago) 

Mountain-laurel (Laurel de Montania) 

Myrtus [myrtleI (Myrus fmirfoJ) 

Palm (Palma) 1 

Philodendron (RFodencro) 

Pittosporum (Pfttosporum) 
Podocarpus (Pooocarpus) 
Pohos (Pothos) 
Rhodode,idroi (Rdodenciro) 
Salal [lemon leafl (Saiallhola do hmd6nj)
Scotch-broom (Hintesta) 
Smalax. soutem (STla,, delsur), 

Staghom fern (Heie~c 
 cue= do venado)
Va="mjm ftc:eberryl (V cniwarnanWoD) 
Woodwardia fem (HelechoIwoodwardija) 

'Los 

4C 

0-4 
2.4 
2-4 
2-4 
4 
0 
7 
7-10 
2-4 
13 
24 

0 
2.4 
0 
0 
2.4 
0-4 
0 
1.4 
2-4 
2-4 
0 

0 

2-4 
7 
2-4 

2-4 

7 
2-4 
0 
0 
4 
4 
13 
0 
0-4 

Temperatura de 
almacenamiento Periogo 

oamxlmado de 
OF aimacenamiento 

32-40 -
35-40 2-3 semanas 
35-40 2-3 semanas 
35-40 -

40 
32 
45 2-3 semanas 
45-50 2-3 semanas 
35-40 -
55 
.5-40 

32 2-3 meses 
35-40 1-3 semanas 
32 
32 -
35-40 2-3 semanas 
32-40 3-5semanas 
32 1-2 meses 
34-40 1-2 meses 
35-40 -
35-40 2-4 semanas 
32 3-4 semanas 
32 2-4 semanas 
35-40 -
45 
35-40 -
35-40 2-3 semanas 
45 
35-40 
32 2-4 semanas 
32 2-3 semanas 
40 2-3 semanas 
40 
55 
32 1-4 semanas 
32-40 

Periooos as almac.namento Oeran peirnir of mansp y manten'n*nto sablfactono deSpuos do sacar is produclosdo aacena mento2 Ama rkthledsd re~ati-, do 90 - 95 %reomenrdada en cusnos o atmacvvonanho re/ngerado para n €ofesdo Monsteria Es pvooabi. adaL y folate-ue agoaas Aores para Las cuales so recomenaa ura tearpratura do4C poorian akmacenarapor mat benoc 
3A n con lMa Sgund.Ad a temaierazuras intanoresdo deaksta Wles doeonslena manlteuhs a ao=oxznane@le C por unicamonle 1o 2 semarias La mayorMaalnmac ados con tamtbs er a excemo donda so rvidca Iocontrano' Los amos oe Lasoguidas yjigunos anWUno- cebenan ser coiocados en trascos do agua Sin emoargo aigunas orguideasy armunos pocran ser aJ."vceniaos siqumendo motodos do empag e en secoNo so coiocan en agua waa :u manelo o amacenammonto pero poOan sw roados

* Generaimenie so manlienen en calas Dara emoarque Quo rebertin Lahumodad 
Fuonte Hardenotvrg, Walada v Wang (7) 

http:Sgund.Ad


Table 4.Recommended temperature and relative humidity,
approximate storage life, highest freezing point, wateri
content, and specific heat of fresh fruits Incommercial storagel 
Relative Highest Water Specific 

Commodity 0C Temperature humidity Approximate freezing pointi"F (percent) storage life ' content hSet(percent) (Btufib. F) 

Apricots -
-

1-4 30-40 90-95 1-12 months -1.5 29.30.5-0 31-32 90-95 1-3 weeks 84.1 0.87Avocados - 1.0 30.1 854'4 4-13 40-55 85-90 2-8 weeks .88
Sanas. green - 3 31.5 78.013-14 56-58 .8190-95 (0) -. 7 30.6 75.7 81

Blackberries - 05-0 31-32 90-95Blueberries 2-3 days - 7 30.5-05-0 31-32 90-95 2 weeks 
84 8 88

Canberres 2-4 -1.2 297 83.236-40 8690-95 2-4 monthsCurrants - .8 304 87.4-0.5-0 31-32 9090-95Dowberrles 1-4 weeks -10 30.2 84.7-05-0 3"-32 8890-95 2-3 days -1 2Elderberries 29.7 84.5-0.5-0 31-32 90-95 .88
Gooseberries 1-2 weeks - -0.5-0 31-32 90-95 79.8 843-4 weeks -1.0Lognberrles 300 889-0.5-0 .9131-32 SO-95 2-3 daysRaspberries -1.2 297- 0.5-0 31-32 830 8690-95 2-3 daysStrawberries 0 32 

- 10 30.0 82.5 8690-95 5-7 daysCarambola - 7 30 6 8999-10 48-50 85-90 3-4 weeks 92
CJ.effier, sour 0 32 - - 904 9290-95Cherines, sweet 3-7 days -1.7 290 83.7-1 to -05 30-31 90-95 2-3 weeks -18 87
Coconuts 28.8 8040-15 32-25 80-85 84
Dates 4 18 or0 

1-2 months - 9 304 469 580or32 75Figs, fresh 6-12 monthsA -157 37-0.5-0 31-32 85-90 225 .38
GnraLofruit, Calif & Ariz 7-10 days -24 27614-15.5 58-60 85-90 6-8 weeks 

780 82
Grapefruit, Fia - & Texas 10-15 87550-60 85-90 6-8 weeks 90 
Grapes, Vlnifera -10 300 891- 1 to -0.5 30-31 90-95 911-6 months 4 -2.1Graves, American 281 816-05-0 31-32 85 85
Guavas 2-8 weeks -1.2 297 8195-10 41-50 90 862-3 weeks;nwfrust - 0.5-0 31-32 90-95 

- 830 86
'-,mons () 

3-5 months - 16 29.0 82 0 8685-90 1-6 months5 -14 294 874 90,r10e 9-10 48-50 85-90 6-8 weeks -1.6 291 893 .91-uats 0 32 90 3 weeks ydta - 86.5 X9Mangos 1.5 35 90-95 3-5 weeks 513 55 85-90 - 81.9 .86Nectarines 2-3 weeks - 9 303 817-0.5-0 31-32 .8590-95 2-4 weeks31tres, fresh -. 9 30.4 81845-10 41-50 85-90 85
,rang*s, Calif. &Ariz. 4-6 weeks4 -1.4 2943-9 80.0 .8438-48 85-90 3-8 weeks:)anges, Fla. & Texas 0-1 -1.2 297 855 .8832-34 85-90 8-12 weeks'apayaes 7 - 7 306 86.445 8985-90 1-3 weeks'moon fruit -. 9 304 8877-10 45-50 85-90 .913-5 weeks'mache - -05-0 31-32 751 .80
'eas 90-95 2-4 weeks -9 303 891-1.5 to -05 29-31 90-95 .91 
*Mimmons, Japanese - 1 

2-7 months4 -15 292 83.2 .8730 90Ineapples 3-4 month:. -2.1 28.1s7-13 45-55 85-90 782 832-4 weeks 4lures and prunes -05-0 31-32 90-95 
- 1.1 30.0 853 .882-5 weeks 4omegranates 5 41 - 8 30.5 886 .8990-95 2-3 monthsumces 1 -3.0 26.6-0.5-0 31-32 823 8690 2-3 months -20 28.4 838ArgerInes, mandarins, 87 

ILrelated citrus fruits 4 40 90-95 2-4 weeks -10 301 873 900 acommended storage temperatures. temperatures
'or ripening certain fruits given in text 

In metric units of kJ/kg/*C, S = 00335 x (percent
:ata from Whiteman (1030) 5 
water in food) + 0 8374
 

Szecific heat calculated from Siebel's (838) 
See text for maturity and cultivar differences
 
See text'crmula. S = 0 008 x (percent water tn

':C) + 0 20 



Table 5 
Recommended temperature and relative humidity,

ppirgxImate storage life, highest freezing point, water
contdnt, and specific heat for fresh vegetables in
 
mmmsrclal storage
 

Relative HighestTemperature humidity Approximate freezing point' Water Specific

.Ofmmodity OF 

content heat 2
 
(percent) storage life "C *F (percent) (Btu/b. rOF) 

fnictokes, globe 0 32 95-100 2-3 weeksflilchokes, Jerusalem - 1.1 299 83.7 0.87-05-0 31-32 90-95 4-5 months -2.2 280aparagus 798 840-2 32-35 95-100 2-3 weeks - a 30.9 930ean. .94dry 4-10 40-50 40-50 6-10 months ans. green or snap 34-7 40-45 95 7-10 days 
- 150 .32
 

- 7 30.7 88.9
a, lima 9133-5 37-41 95 5-7 days - 6 31.0n sprouts 66 5 .730 32 95-100 7-9 days  -eots, bunched 888 910 32 .M-100 10-14 days -. 4 31.3 ts. topped 0 32 98-100 4-6 months - 9 303 876 90roccoli 0 32 95-100 10-14 days - 6 30.9iUssl$ sproLts 899 920 32 95-100 3-5 weeks - 8 30.5 849 88Uibage, early 0 32 98-100 3-6 weeks 9abbage, late - 304 924 .940 32 98-100 5-6 months - 9 304 924 94abbage, Chinese 0 32 95-100 2-3 months - - 950 96rts.bunched 0 32 95-100 2 weeks .-ots, mature 0 32 98-100 7-9 months 1 4- 295 882 91rots. immature 0 32 98-100 4-6 weeks 1 4--ssava 29 5 882 910-5 32-41 85-90 1-2 months  -.- uliflower - 0 32 95-98 3-4 week, 8- 30.6 91 7 93lertac. 0 32 97-99 6-8 months - 9lery 303 884 91 
hard 

0 32 98-100 2-3 months 5 31.1 937 95-
0 32 95-100 10-14 days - - 91 1 93hicory, witloof 0 32 35-100 2-4 weeks -ollards - 95 1 .960 32 95-100 10-14 days - 8 306 869 90sweet 0 32 95-98 5-8 dayscumbers 10-13 50-55 

- 6 309 73.9 .7995, 10-14 days - 5gplants 31 1 961 978-12 46-54 90-95 1 week 8- 306 92.7 94l"e and escarole 0 32 95-100 2-3 weeks  1 31.9tic 93 1 950 32 65-70 6-7 monthsliaer - 8 305 613 6913 55 65 6 months  - 870 .90rews, leafy 0 32 95-100 10-14 days . ..xzeradlyh - 1 0-0 30-32 98-100 10-12 months - 18 28 7 74.6 .80 



Table 5. 
Recommended temperature and relative humidity,
approximate storage life, highest freezing point, water
content, and specific heat for fresh vegetables in
commercial storage -Continued 

Relative HighestTemperature Water Specifichumidity ApproximateCommodity OF 
freezing point' content heat 2 

(percent) storage life C F (percent) (Btufib OF) 
Jlcama 13-18 55-65 65-70 1-2 mon'hs -Kale 0 32 95-100 2-3 we( ks -. 5Kohlrabi 31.1 86.6 .890 32 98-100 2-3 monthsLeeks - 1.0 30.2 90.3 .920 32 95-100 2-3 months - 7Lettuce 307 854 880 32 98-100 2-3 weeks -. 2 31.7 94.8 96Melons 4Catitaloup 31/ -sllp) 2-5 36-41 95 15 days - 1 2 29 9Cantaloup (full-slip) 0-2 92.0 .9432-36 95

Casaba 10 
5-14 days - 1 2 29.9 920 .9450 90-95 3 weeks - 1.0 30.1Crenshaw 92.7 .9445 90-95 2 weeks -Honey Dew 

7 
1.0 30.1 92.7 .947 45 90-95 3 weeksPersian 7 

-. 9 303 926 .9445 90-95 2 weeks -Watermelons 8 30.5 92.7 .94310-15 50-60 90 2-3 weeks - 4 .94Mushrooms 31.3 92.60 32 95 3-4 days - 9Okra 304 911 .937-10 45-50 90-95 7-10 days - 1 8Onion, green 28.7 898 .920 32 95-100 3-4 weeksOnion, dry - 9 304 89 4 910 32 65-70 1-8 months 4 - 8Onion sets 306 87.5 .900 32 65-70 6-8 months - 8Parsley 306 875 .900 32 95-100 2-2.5 monthsParsnips - 1 1 30.0 85.1 880 32 98-100 4-6 months - 9Pea%, green 30 4 786 830 32 95-98 1-2 weeks - 6 309Peas, southern 743 794-5 40-41 95 6-8 days -Peppers, chili (dry) - 66 8 730-10 32-50 60-70 6 months -Peppers. sweet - 120 307-13 45-55 90-95 2-3 weeksPotatoes, early crop - 7 30.7 92.4(3) e) 9490-95
Potatoes, late crop (3) 

- 6 30 9 81 2 85,90-95 5-10 months - 6Pumpkins 309 77810-13 50-55 8250-70 2-3 monthsRadishes, spring - 8 305 905 920 32 95-100 3-4 weeks -Radishes, winter 7 30.7 945 .960 32 95-100 2-4 months . ...Rhubarb 0 32 95-100. 2-4 weeksRutabagas - 9 30.3 94.9 960 32 98-100 4-6 months - 11Salsify 30.0 89.1 .910 32 95-98 2-4 monthsSpinach -1 1 300 79.1 .830 32 95-100 10-14 daysSquashes, summer - 3 31 5 927 .945-10 41-50 95 1-2 weeks - 5Squashes, winter 31 1 940 .9510 50 150-70 (3)5weetPotatoes - 8 305 85 1 88'13-16 55-60 85-90 4-7 months -1 3ramanllos 297 685 753-4 37-40 85-95 10 weeks - -raro (Dasheen) - 7-10 45-50 85-90 4-5 months romatoes, mature-green 313-21 55-70 
- 73 0 7890-95 1-3 weeksrnm~toes, firm-ripe - 6 31.0 93038-10 46-50 90-95 4-7 days 

.94 
- 5 31 1.urnlps 94 1 950 32 95 4-5 months -10 301Turnip greens 915 930 32 95-100 10-14 daysWaterchostnuts - 2 31.7 903 920-2 32-36 98-100 1-2 months -Watercress - 78.3 .830 32 95-100 2-3 weeks - 3Yams 314 933 9516 61 70-80 6-7 months  - 73.5 79 

Data from Whitemn (1030)

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

formula S = 0 008 
x (percent water in
food) + 0 20 In metric units of kJ/kg/*C,S = 0 0335 x (percent water in fooD) + 0 8374 
See text 
See text for cultivar differences 
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Table 3 . Refrigeration Capacity Needed for Continuous 
Precooling" 

change in 
 of Total Refrigeration Used
 
TemPerature 
 to Absorb Heat from the Product
 

*The fraction of the refrigeration needed to cool the product
 

1 50165% 
"C !E Tons't W Tons' kW Tonst kW 
40 70 20.0 70.7 15.4 54.6 12.7 45.0 
33 60 17.1 60.4 13.2 46.9 10.9 38.6 
28 50 14.2 50.1 11.1 39.2 9.1 32.1 
22 40 11.3 39.8 8.9 31.5 7.3 25.7 
17 30 8.4 29.6 6.7 23.8 5.4 19.3 

11 20 5.4 19.3 4.5 16.1 3.6 12.9 

Source: After Guillou 

will depend on the amount of insulation and heat leakage into
 
the system.

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



6TABLE .- Forced-aircooling: various static pressures, airflows, and 
cooling times requLred to cool one box of specific type of flowers 

Static pressure
 

Type of 0.5 inch 
 1.0 inch 
 2.0 inches
2 0 i c e
flower 
 Airflow 7/8-cooling Airflow 7/8-cooling Airflow 
time 

7/ 8 -cooling 
time time
 

Cfm/box Minutes Cfm/box Mfinutes Cfm/box MinutesCarnationsl 
 70 48 90Chrysanthemum-s2 40 110
80 62 130 35 
Gypsophila 3 58170 210
10 54
260
Roses4 8
140 34 -200
Statice5 25 
 290
150 20
40 
 210 
 18 
 280 
 13
 

'Carnation box size 48 by 21 by 12 inches, with two, 2-inch diameter
vent holes in each end and 512Chrysanthemum box size 57 
lb 

by 
gross weight. 

ioles 21 by 12 inches within each end and 33 lb gross weight; 
two, 2-inch diameter vent 

tir through 
45-lb box will allow 50 percent lessbox.3Gypsophila box size 42 by 21 by 12 inches with two, 

4 Rose box 

3 -inch diameter ventloles in each end.size 48 by 21 by 12 with two, 2 -inch diameter vent holes in eachnd with 20 bunches in5Stacice box.box size 42 by 21 by 12'inches with two, 3-inch diameter ventn each end holesand gross weight of 75 lb. 



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 CI 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(OCI) 2] granules
required to obtain a specified concentration of available 
chlorine in 100 gal or 1000 liters of water (neutral pH). 
Ounces! 
100 gal 

Grams/ 
1000 liters 

Approximate available 
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 



Diagrammatic view of a forced.air cooling 
tunnel. Either bins or pailetized containers can be placed 
to form a tunnel from which air is exhausted. The nega. 
tve pressure then causes celd air from the room to pass 
through ventilation slots to directly contact the warm 
product.
 

Figure I 

Shell arrangement with portable pallet

mounted fan. 

Figure 2 



PT l 
._--% 4a -- , I , .D ._Ij 

ntrOwberrPallet loads f t aiesre placed tdes asat the two s the wallri blower so(a-chamber or passageway) for ar beng drawn through produce to to allow a plenumthe blower. 

Figure 3. 

Forced-ar coolng unt n operaion ithPallet loads of strawberres The fabrc cover n front sealsthe air-return plenum, and air is thus forced to pass through side slots of contoners and around the fruit inorder to return to blower The blowers used in ths procedure are controlled by time clocla 

e-
_,-

_ _ 

Figure 4. 

BEST AVAILABLE DOCUMENT 



F kLSE NVWALL 
LOW PRESSLRE SIDE 

",ATNIOSPHE jCkTSURE \ \. -

REFRI[GER,-TED 1 

PLFRJCERATED 

Figure 5. 

COVER 
4IR %10OVING TH4ROUGH 

CHANNE.LS SCTWLV. FRUIT 

Figure 6. Forced-air cooling utilizes a pressure drop between the room and two rows of ventedcontainers The soace between tbe container is covered with a bai"Bc made of a heavy but flexiblemacenal. T'he bafle sezils the too and one end. An exhaust fan placed on the opposite cnd (in this case.mounted in the wall) pulls air from the svace between (he containers. creating a pressure drop. Inresponse to the pressure duTerentiaf. cold air moves inroug. holes in the boxes, across the product. anainto the interior criamoer from~ wnxc:1 it is exnausted. This cools (he procuct much faster than a moreswaic airflow system (i.e., room cooag). 

BEST AVAILABLE DOCUMENT
 



Canvas Cloth Reinforced 

Properly00 
Sized Fan 

Time Clock Control Cold Air In 
of Fan to Prevent
 
Unnecessary Operation
 

0 0 

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

Time Clock Control 
of Fan to PreventPlywood Plenum for Air Dis ribution Unnecessary Operation 

Cold Air In 0 0 C Properly Sized Fan 

Lorw Density Polyfoam Seal 

Figure 8.--Forced-air cooler designed for up to 25 boxes of flowers. 
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Figure 9. -HypothetLcal cooling curve for fresh 

Cool 

products. 
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Refrigeration Coils 
Designed to Maintain 

High Humidities 
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Cold 
Air In 

Figure 10--Large-scale 

" 

cooling 

Bumper 

facility or cold wall system. 



Canvas Cover 

________Reinforcing Strips 

0 00,Fan
 
Fold Air In 0 0" 

l Air In Refrigeration Coils 

!Designed to Maintain 
[ [ :High Humidity 

Figure11.-Large-scale coolRng facilety for cold toon. 



Forced-Air Cooling Fan 

Front View 

(not to scale) 

Section Through Top(not to scale) 
 Airflow-


Figure 12. 

1/2 COX Plywood 

16 Ga. Galvanized Metal(Overlap 1"on Front, 2 on Sides) 

42' Diameter Six-Slade Fan 

S2"-X-4* 
 Galvanized Hardware Cloth 

4 8"-x.40 2-Way Wood Pallet 

1*Pipe Insulation (Closed Cell) 

Thermostatic Control(Dayton =2E206 or Equal) 

-.. 120 V AC Supply 

2 HP Electric Motor
 
(Grainger Supply #7F073 or Equal)
 

42" Diameter Fan
(Grainger Supply #3C148 or Equal)
 



Ta 
A Still Air 

11/2 cfnVIb 

C 1 CfnVIb 

A
& 

7/8 CIngTh 

1 2 5 6 7 9 10 
Relative Time 

Cooling Ume for various airflow rates. 

Figure 13. 

4 

34:b. 

CL 

S~1/2 

1/4 

1000 2000 4000 5000 
Volume (cfm) 

Typical fan curve. 
6 

Figur! 14.. 

60 7000 -

TO Alt at LeatT
4 Feet upsteam 
f-~" Fan 

tl iTOil AroI O 

Static Pfegsure 

Colored Liquid 

U-tub, manometer. 

igure 15. 



- - -. ,j ., w ih holes-punc ed "•igure 16a. .. -- .- -, ,,..,." • S,,;,,melalrcn ° 

-,. Aspenpad yilh 4-rmesh#sd ;; w.., , g upj '.o;nbo *I 

m o o vl 

TomaWo -ep ttv Ir for small otssqush 

b..-

I r 

C. 

Might cooled (Ib) 
Aidlow (cfm) 
Airflow/wt (cfmlb) 
%cooling time (min) 
Average initial pulp 
lemp (F)

Average pulp temp at 
_.% cool (IF) 

Average dry bulb 
temp (*F) 

Average wet bulb 
temp (IF) 

Average temp of 
cooled air (*F) 

"Cacu'aiea from 112L n04'w f 

Summary of Evaporative Cooling Trials 

Sweet Zucchini squash 
Tomato pepp~er Test #1 Test #2 

540 100 588 168 
580 385 502 510 
1 1 39 085 J0 

120 75 100" 75 

74 90 87 84 

61 63 - 69 

65 72 98 80 

52 56 71 64 

55 60 74 67 
WAl 

REST AVAILABLE DOCUMENT 

Croaked-nalck 
squash , 

168 
510 
30 
75 

85 

69 

80 

64 

67 
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80
 
Con~ventional room 

C,. 
cz.o 60
 

z- 40 
 Forced air cooler 

2
 

0 1 2 3 
 4 5 6 7 
 8 9
 

HOURS 
Figure 17. Companson of three methods (room. forced-air. and hydrocooling) forcooling. 



Typical conventional hydrocooler 

Figure 18
 



Hydrocooling sweet corn with a palletized system.
 

Figure 19a. 

I1,
 

A palletized 
or bin box 

rdrocooler with 
a top coil tank 

lure 19b. 

Conveyer hydrocoolers move containers througn a chamber in wnich ice water is either
showered down uoon (he oroauct or the product Issuomergecarecirculated througn the syscem. n water The water is then recooled andConveyer speed can be aajusted to increase or aecrease the lengh Oftime the product is in (ne cooler 

BEST AVAILABLE DOCUMENT
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a- _2. 

iew of aHydrocooler distributor pan with aside refrigeration coil tank. 
'igure 20.
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Sirgle pallet batch cooler.
 

Figure 21a.
 

IWWFia. 21b.Side view of a batch.ype hydrocooler for palletbins. 



a. 

,Ig
 

Figure 22b. Batch hydrocoolers differ from conveyer hydrocoolers in that the product is stationary
As with shower-type conveyer coolers. ice water cascades down upon the product until it is adequatelycooled. While less expensive to budd and operate, batch coolers are less efficient in that they cannot beused while the product is being loaded or unloaded 

BEST AVAILABLE DOCUMENT
 



Cut-away view of a hydro-air-cooling 
hydrocooler. 

Figure 23. 

Immersion hydrocooler 

Figure 24 

BEST AVAILABLE DOCUMENT
 



10 'time-Center Temperature Response 

S .9 1 Figure2l Time-temperature response of various.7 
fruits and vegetables immersed in agitated chilled.7 	 ,water. 

S .5 
KEY4) .4 

.3 	 A- Greens
 
8 - Beans, peas, asparagus
 

r 	 C - Small cucumbers, radishes, beets (<1 '/2 dia.).2	 D - Small apples and peaches, slicing cucumbers 

E3 	
.2 Sweet cor. apples. and peaches (.2/ dia.) 

F - Large apples and peaches (-3 dia) 

A C D E F G G - Cantajoupes, large eggplant 

0 10 20 30 40 50 60 8070 90 100 
Minutes of Active Cooling 

(kghr)
0 ;0 C 20 co 2000 -0c 
C MECHANICAL q:E=G-FAT;CN I 2Co 

I(50 	 F)U' 	 8-emcerare crco - 28 C"; --0 	 40 -),So ,0
 

Z 3 
 :7 -1.0 '
 
20 


1 0 0 

10 	 0 

0 I 
0 2000 doCO 0 o 0O0 iC w0 

MAXIMUM SAT- CF -RCCUC7 E4lTEINC, CCCLE-

Approximate 
mechanical refrigeraicon require.mencs for small scale coolers based on maximum hourly
product input and product temperzrure,crop.
 

Fioure 26. 

BEST AVAILABLE DOCUMENT 
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2.-- . 0 a 0 60 Q 

(lb/day) 
PROOUC7 C-ACCSo PE. OAYApproxi~mace muouuc" 
1-c2- _ of ice needed,.:basaed on to operacea.mouac of productpe-ca nd produc: terp' coold 
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Figure 27. 
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Figure 28LIquid Icing 
a. single cartons of produce. . 

Fgure28 Injlecting liquid ice into 

b. palletized broccoi cartons through 
the hand openings. 

3EST AVAILABLE DOCUMENT 

C. 

I 

iFigure2EAutomated pallet cing. 

?2O
 



Uacuio icmng is a torm woc ac.Late -ci's viac utifizts a slurrv 
ofground ic.- ano wacerm~ac is ountott into calle-:zec boxes i,) Mvovine cnrouigm cri venitionnfoit in 
%ne:ontainers as a ioum. ic- cn ls~ Oaiae~e ie C'5.2C ~ooiicattinlzflat it 
-novea arouna ail o( :c inciviouat units of oracuc: nzvirr'z'nz :onczc: ~c.ae:rs: nnsrm 
mie slurnr ucon illing. !eaviniz i -e'ativeiv w~iQa -mass x3 z.-stica ic: w1in tn -onctnerl 3 The 
.-onationof a oox at: aooa-c.-a broccou tioon reacn.zng nc rezau marKCe. 

Figure 29. 

P2llet Liot~ud-icuzl maciune in oocracoa. The 
hign-'oluma flow oi the ice-wacer Ymix is aumved into 
:nzmber 2nd .'Iow3 thmougrn concuner v'ents to deposit ice 
!Lfougnout the packa~e. 

Figure 30. 

BEST AVAILABLE DOCUMENT 



BAROMETRIC29.921 in PRESSUREHg L2 

so2 
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'I 
40 

.00 
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DRY BULB TEMPERATURE, OF 
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.25 .
760 mm Hg 
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ORY BULB TEMPERATURE, C 

Figure 31.Psychrometric chart for determining percent relative humidity on thebasis of wet-bulb and dry-bulb temperatures 
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Low pressure 

: -Hih pressure 
POPOr.
 

* Low pressure 

*h'/ih pressure 

Fig.32.-lefrigcrating unit showing the prts and condition of the

refrigerant in cai: a, compressor; b,condenser; c, flont vnlvc regu

ating flow of refrigerrant into cooling coil; d, cooling coil;
 
c, sylphou bellows opernting motor switch.
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A Hydrocooler refrigeration coil designed specifically for Hydrocoolers. 

Figure 34.
 



Cooling methods suggested for horticultural commodies 

Size of operationCommodity Large Small Remarks 

Treefiuus 
Citrus R R 
DeVcAuous FA. R. HC FA Apncots cannot be HCSubtrpical FA. RTr0ial FAFA.R FABeries FAGrapes FAFA FA Require rapid cooling facilities adaptable to 

SO, fumigauon
Cage VC, FA KAIceberg lettuce VC FAK21e. collards VC. R. WV
Leaf lettuces, spinach. enhve, escarole 

FA
 
Chinese cabbage. bok dh. romaine 
 VC. FA. ,WV,HC FA 

RJom'thvegetaklstops HC. PI. FA HC. FA Carrots can be VCtopped HC. PIIrpsh Potatoes. sieet potatoes HC. P1. FAR w/evap coolers HC R With evap coolers. facilities should be adapted 

St&W andflor Vgetabtes to curng 
.- ruchokes HC. P1 FA. P1.Asparagus HC HCBroccoli. brussels sprouts MC, FA. PI FA PICauliflower FA. VC VACelern. rhuba,-b HC. WV, VC HC. FAGreen onions. leeks Pl. HC P1 
.1,u.roonu FA VC FA 

Poa ; egetables
Beans 
 HC.FA 
 YA
Peas FA. Pl. VC FA PI 

BuLb :eretablesDr- onions 
 R R. FA Should be adapted to curing
Garlic R 

Fruu-,vpe .getabksCucumbers eggplant R. FA. FA-EC FA FA-EC Fruit-tpe tegetables are chilling sefsitieMelons 

cantaloupes. muskmelons. honeicb 

, but at eariing
temperatures
casaba mHC FA. PI FA FA-ECcrenshaw FA. R FA FA-EC-atermelons FA. HCPeppers FA R

R. FA, FA-EC. VC FA. FA-ECSummer squashes, okra R. FA. FA-EC FA. F-.ECSwT corn HC. VC. PITomnatllos HC. FA. P1
R. FA. FA-EC FA F-kECTomatoes R.FA. FA-ECWimer squashes R R 

Fresh herbsrxo packaged HC. FA FA. R Can be easi1 damaged b %aterbeating in HCpackaged FA FA. R 

Cacnw
leakes (nopalitos) Rfruit (tunas or prcklv pears) FA 

R FA 

OrnameniaisCut flowers FA R FA l hen packaged. uni, use F-Potted plants R R 
R Room Cooling FPA- Fbrced'Air Coolin , HC - HvdrcquolImg ,C - taLuuin Coling %V = Water bpr'aEC - Forced-Air Evaporatue Coolin. Vacuum Ccwfing. FA-Pl - Package lcini 
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An evaporative cooler
for vegetable crops The low cost of this cooling system 

James F Thompson 0 Robert F.Kasmire makes it especially suitablefor
smallfarmers and roadside merchants. 

Some vegetable crops are harvested with 
pulp temperatures too high and under hu-ffudty conditions too low for maxmum 
helf life. Present facilities for cooling pro-

duce v providing proper humidity usually
consist of a system for rapid cooling as the 
commodity arrives from the fied and a cold 
morn for subsequent storage. Both are ex-
pensive to nsutal and the mechanical 
refrigeration system for the cooler requires
Large amounts of energy. The goal of this 
project was to develop a umple, low-cost,
energy-efricei:t alternative that would be ap-
plicable to boh lage-scale and small-scale 
operation. 

Evaporative cooling is an effective means 
of providing low air temperature and high
relaive humidity for cooling produce. Its
limitatn is that a well-designed cystem pro-

vides air at one to twc degrees above the wet-

bulb temperature of the ambient air, outside

the cooling unit. The mean wet-bulb temper-
attre in California ranges from 500 to 70* F 
during the harvest season and drops to
slightly below 40* F during the winter These 

It also can be usedfor short-term storage. 
A small pump was used to recirculate ins razes tre rapid enough for most opera.waer from the bottom to the top gtter. The tons. 

ature and the temperature of the cooling air.)temperatures are acceptable for cooling the Air-flow rates over 3 cfm per pound provid-chdling-sersuve crops listed in table I ed 4 cooling tunies of 1Y, hours. These cool-Crops not listed in the table require a storage 
temperature near 32 ° F and would not be 
suitable for this system 

A small unit was constructed to venfy the
.ffectiveness of evaporative cooling (see
Irawing). The fan was selected to provide
ibout 400 to 600 cubic feet per minute (cfm)
it 0.75 to 0.10 inch watergage static pressure
flus is enough air flow to cool at least 600 
tounds of produce in I to 2 hours 

The cooling pad was a commerciafly avai
ble aspen fiber pad oesigned for evap
ratve cooling. The total pad area was 8 

square feet. which resulted in an average air
veloaty through the pad of 50 to 75 feet per
minute (fpm). The velocity recommended 
for most evaporative cooling systems is in therange of 100 to 300 fpm. The low velocitywas selected to ensure nearly complete satur-
auon of the air, resulting in lowest possiblecooling air temperature and a high relative 
humidity. Also, the large pad area fitted the 
gze of the air plenum required for distnbut-
ng the cooled air to ht vegetable boxes 

, 
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rate of water flow through the pad was 0.42 
gallon per minute. The unit consumed less 
than 003 gallon per minute of water through 
evaporaton. and an additional small 
amount of water was continuously drained 
away to prevent salt buildup. The unt was 
built primarily of X-inch exterr grade
plywood. If new materials were purchased,
the total unit would cost about $150 to $200. 

Table 2 summarizes the data obtained in 
five cooling experments All commodites 
were packed in commonly used containers. 
The air flow varied with the amount of 
produce placed the cooler, because fanon 

output vanes with 
au flow resistance. The 
cooling rate for each commodity is primarily 
a factor of the rate of air flow per weight of 
produce The lower air flows of about I cfm 
per pound resulted in % cooling tume of
about two hours (%cooling time is the time 
required to cool the produce X of the dif-
ference between the initial product temper-

The graph illustrates the cooling air ter
perature produced by the uit during a 
24-hour periA. The fan was producing
about 500 cfh. The maximum air tempera
ture produced by the unit was 70" F during
the afternoon with a minimum during the 
early morning of 570 F In generaL the air 
tempernure produced by the unit was about 
2° F high than the wet.bulb temperature.
This resulted in a relative humitty of about 
90 percent in the air leaving the unit. The 
temperature of the air through the cooling
pad was %to I*F higher than the ct-bulb 
temperature, and the remainder of the m
crease was caused by heat from the fan and 
motor The test was conducted duning
August, which typically has tne highest wet
bulb temperatures of the year.

rhe cooling unit was powered by a ,
horsepower (hp) fan motor and %a-hpmcr
culation pump motor This energy input pro
ducts nearly 11,000 BTUs of cooling (nearly
I ton of refigerauon) when 500 cfm of air is 
cooled 20 E For each unit of energy input,
14 energy units of cooling are produced. A 
mechanical refngcraon system produces 

- I Je C U 

ow s 0 
irov:4-0,,0.'e 

for sman lots of 
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r _ _ _ _ _ __ about 3 energ. units of cooling for each unit 
I input (but it produces lower temperatures

than cvaporative cooling can). 
-, - . .,The test urut provided optimum relative 

.' humidity and acceptable temperature condi. 
'" ,' _ "bo"ns. for cooLmLn most types of chLdhng.senstn 

produce The maximum temperature pro
3 .duced by the unit exceeded recommended 

temperatures by about 100 F because of high 
ambient wet-bulb temperatures. During the 
c months and cooler tunes of thecooler harve 

flV. Eday, the unit can provide nearly optimum
VEG temperatures. In any case, most refrigerated 

Ltransit vehicles or cold storage fadliues, if 
-"properly utlized, can provide the small 

amount ofadditional coohng needed to bring 
the produce to opttmum temperature.

Muimum produce temperature can be ob
. tamed by aowmg the commodity to rmruun 

on the cooler until the wet bulb drops. For 
example, when the afternoon peak wet-bulb 
temperature is 10" F above the destred com
modity temperature, the product will need .o 
remain on the cooler until early morning 
This may require additional cooler capaly, 
but considering how inexpensive the equip

"- -- , ' - " . . ment is, this should not be a problem. When 

-- -. " --- _-.. wet-bulb temperature is not high, the corn-
TADLE 1.IRemmeonded Storage Temneratures -modity can be removed from the cooler 

an Humidtlies fo Selected Crops within a few hours 
Relative Another advantage of this system is that 

Commodity Temperature humidity the cooler can also be used for short-term 
*F % storage in place of a relatively expensive

Auocados 40-550 5-90 mechanicaly cooled storage room. The sys-
Snobean 40.45" 90.95 tern produces cool, high-huudity air thatCucIumbsI 45.50"* 90-95can be forced past the produce, even after it 
Eggplant 45-50 * 590 has cooled, without damaging it. To reduce 
Most melons; 45-501 8595
Oawa 45-50" 90-95 energy us- during storage, it would probably
Sweet Peppers 45-50" 90-95 be desirable to have a two-speed fan in theFirm ripe tomatoes 45-50* 85-90  unit and use the low speed during storage.PumpI . - 9,s ad w NON With this modification and some temporary

wointer squash 50-55* 70-75 -, I_I I L I L ,
Sweet potatoes 5 , . "a I s - " --8 ' shading, any.field location with water and 
Mature green &60* 890 electricity could be used for short-termtomatoes 55-700 85-90 Air temperature produced by cooler storage
,,omia The small investment needed to set up an 

- M3-" 8590 - evaporative cooling system and its low 

energy requirements make t especWly 
TABLE 2. Summary of Evaporative Cooling Trlat suitable for farmers and roadside merchants 

who do not have the financial resources toToat Z5 ~squash Ck invest in a mechanically cooled storage roomTomato pepper Test I1 Test 92 squash

Iight cooled (b) 540 588 or coolng facility. Many of thee producers
Akfkw(cfm) 580 385 502 510 510 have either ignored product temperature

AlIrlowwIt (cfmJlb) 1 1 3.9 085 3.0 3.0 management or depended on a custom cool
%coolIng tkne (min) 120 75 100" 75 75 
 ing and storage facility some distance from 
Aemia (Ftlal pulp

tiarw ( 11) 74 9G 87 84 as their operations. The technology described is 
Avoag pulp teamp at inexpensive enough to allow almost any

Z Coo (F) 61 63 -- 69 69 grower to use it to help ensure produce quality
Avibtage dry bulb 

temp ('F) 65 72 98 80 80
Awage wet bulb Jernm F Thompson LsAgriculturalEngineer and 

tp (F) 52 56 71 64 64 Robet F Kamre is Vegetable SpmaiGlo.Cooper-
ANrage temup of ative Extension Uniwimitv of Califonia. Davis

cOOled air(-F) 55 60 74 67 67 The authors Irefully acknowledge the Commit
td hum V2 corng 11m "I&. tee on the Relationship of Energy to Agniculture 

Joe support of this research 
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The exact prices of the electrical components are as follows: 

List --Electrical Component Price List 

1 - Thermostat 
Penn model 

115 volt, 
A19ABC-24 

16 amp, remote bulb, $44.65 

I  1/3 Hp, PSC, Centrifugal Blower 
Dayton 4C831 

$132.91 

1 - Air Conditioner 
Amana 

115 volt, 12 amp, 12,000 btuh $500.00 

1 - Cycle Timee 115 volt, 20 amp, SPDT, 1 hr,
60 event, Dayton model 2E357 

$69.51 

2 - Steel Strip Heaters, 150 Watt, 8 inch, 115 volt,
Vulcan model 1208, 6 $17.69 each. 

$35.38 

TOTAL $782.45 
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MATERIAL LIST FOR 12' COOLER 
I 35 WALL STUDSOIV"C-UT LENGTH TO 6"-VIl 

2CEILING AND FLOOR 
ING AND 7- ZX6XB 
7%- 31/4* 

JOISTS 0) 24OC. 7-2X6XS' FRo c'IL-
TREATED FOR FLOOR. CUT LENGIIIS I0 

REFRIGERATOR 

-- I---Llil-
PLAN VIEW 

EVAPLO CS 

ARROWS SIIOW AIRFLOW 

COLD STORAGE 

OPERATION 
OPERTION29 

L3 

3BAND JOISTS1 4-2 X6X12' (2 FOR FLOOR TnEATEDI - CiIILENGTHS TO I1'- 91/4'4 PLATES$6- 2X XI2' (CUT LENGTII TO II'-I114')U- 2X4XO2(CUT LENGTH TO ?'- 41/4"I 
USE TREATED FOR BOTTOM PLATES 
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EVAPORATOR 
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DRAIN I - I I 
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I10 

8 

9 

INSULATION 102 SO FT OF R19-22vlWIDTH 
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12I1' METAL DRIP EDGE 

SIDE 
SEl
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14 

1-50' ROLL OF 'STICK ON' FOAM RUBBER 
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CFOQUANT. System

TOQUANT Sys
Lae Havng a Lab in the 

.Pal of YourHand!
DEror-Proof-Bar Code System
Elimintes Data Entry Errors 

SNetworkable-Stowj 
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for Easy Or Uization, Analysis 

* Saves Tune and Money-CostsJust Pemes per Test r 
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e&, 	 f " 
EM-16981.1XS Ascorbc Acid 25.450$44 95RQFLEX# hand held meter EM-169a8IX5 Chromate 1-45 4995using the preprogrammed bar codes. EM-1694.1XS Copper S-200 4495Dip the appropriate Retlectoquant 	 EM-16791Xs Molybdieum 1-45 5555Test Strip in your sample. Theie A-O e -4S 495 

the strip into the meter andread the EM-16ggS.1X5 Niate 44 Scuentondirectlyon thdigitaldisplay 	 EM16973-IXS NqeWhat could be simpler? 	 05-S 449S 
EM-16975-IX5 
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Coines as a complete jut soYOU're ready to start testingrght awy t 

c._3 4 
5 50214X58500 

Dipasoganizes, 
Temperature& 
ConductWi~y 
Tgt- So 
You Can Work 

:5. -Faster, Better 
-

Cooductivity Meter is 
rch in features, yetmodestly priced. Offers the 

five most usefuJ measurement 
ranges with manual or auto 
ranging for fast response. You 
can calbrate,to anycoOductivirty standard value 
you choose and store up to 
five calibration points forhighest accuracy in all rangesSize 7 5"L X3 5W x I 75"HWeight I lb 

When you want top value for your moneyi a conductivr, meter, choose VWRShowcase Express 

c-AL. No 
34100-238X5 S35000 

-akon PH/mV/*C-Meter Kit 

Speeds Your 
FieldMeasurements 
Great for measurements in and 
out of the lab PutsTeveogttrg 

oUnon 
p
rdytou'reready to go 
at a 
ok1notce. 

Indudes 
the Oaton 
p'DmV/*C 

electrode, temperature probe, three buffermixng bottles, squee2e bottle, two each of 
pH 4, 7 and 10 buffer capsules, battees,two electrode holders and and a protectivefield case. Kit size 15 5"L x II W x 4.5H.Weight: 4 5 lbs 

Get the gt-anvwhcre. use-anytime system soyou're alwavs ready to take professionalmeasurements 

C No 	 Lh 
34100-232X5 5360 00 

A~ ~! irl 
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7 ENVIRONMENTAL, TEMPERATURE/CONDUCTIVITY 
i s ana 

CHECKER pH Tester 
Get High
Accuracy with 
0.01 pH 
Resolution in a 

Pcket-Size Unit 

Repreents the lte 
gen tion of pH

sters just fmlers 
in your sample and 
read tuc pH value 
Unlke other pHutere, you can 
change the electrode to the size and shape that are
prfect for your application. Electrode must be 
purchased separately Range: 0.00 to 14 00 pH Sze
2.6* x 2 (r x 1 Weight: 2.2 oz. 
For the cost of a few roLs of litmus paper, you can 
have the midustry's most advanced pH teste 4 

_ Is&Is_ _ _ 

34100-405XS Checker w/buit-,n NC 2300
4,0.07xs Sw,,,.p body. gel 1365 

filed electrode for 34100-300XS 

akton*TempTestr#Thermometer 

Fast,Stable 

Readings in a 

Pocket-Size 

Unt 

Remarkcable accuracy 
and a whole range of 
fly-u.sC" featurebaremade possible 

b .cause of the 
TempTestr's
microprocessor 
Accuracv s t1 
Features include FPC 
selectable scale, hold 
(unction. push button calibration,
auto-off and self-dLagnostics Size 
5.9Lx 1 6W x 0 94" H Weight: 3 25 
OZ. 
Choose kton for the "next
geoeration- ftemperature testiggEncraon in4Ltm ruefinclass 

34100-228X5 
 S35S0 


15 

arn 


aktn# 

onduc, 
vity/TDS/ 

Temperature Meter 
with RS-232 
Download 
Rpnter 
Straightto Your 
PC or 
This Oaon unt gves 
you more features and 
better performancemteretrpefractha any meter in as price 
range You can switch 
accurately and immediately 
from conductivity to TDS 
readings with temperature. 

Nemonv function 
stores and recalls 
up to 16 sets of 
measurmentsAnd the RS-232 

ute,'ace lets you 
download data tovu-tuay any PC for 

anas or to your
 
for
 

Size: 7.5% x 35W
 

JibterI . 
You can count on 

fromOakton when you
need superior data 
management of your
conductivity and TDS readings 

304 0 
34100242XS S6250 

Co n u
"Calltoday to beplaced-on theIt forvoVR nvop94-95 VWR Scientific General Catalog. It's ih. 

comprehensive source book for all your laboratory ieeds. 
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Oakton# ConductivityDSl 

Temperature Meter 
Gives You 
Three 
Meters in 
One 
Le' you switch 
from cr -ductiviryto MDS 
measurement 
with temperature
ccurtely and 

easily with the 
touch of button 

Use the auto-ranging feature or select 
manually between five conductivity 
ranges Meter auto-ranges in the TDS
mode Simple to calibrate 1%FS 
aC r Dimnsions 7e5%t3 

I
Get the most advanced meter in itsfrom VWR Express 

C N. 
34100-240X5 547500 

.Call now to reserve your 

.odciiyTS 

opy -:available this§prMg... 

- :.. . .
Oakton# Thermohygrometer 

A Reliable, Economical 
Selectionfor 
Enironmental Monitoring
Momtor both the humidity and 
temperature of your office,
laboratory, greenhouse or computer
 
ro
 
environments

Switch-. 6 

selectable F .. 0/ 
or T 30 80 
temperature 2 

readout low 
Accurate 
and stable 
Supplied with 
battery and 
mounting bracket 
Order before noon. wei'l slup your
hermohvgrometer today You could 

have it tomorrow 
Cu.M. Ead
 

35521-050X5 $120 00 

To order toll free: 1.800.932.5000 from anywhere inthe U.S. 
iAVAILABLE DOC~Irm.r 

http:fly-u.sC


Quick Reference Index
 
Environmental 2 Lab Essentials 11 Safety 21 
Bags 2 Books II Aprons 21 
Chromatography 2-4 Botdls/Beakers 12-13 Bags, Disposal 22
Syringe aecanng & Buckets 14 Cases 23
Maintenance Gude 3 Funnels 15 Chemicals 23 
Measurement 4-6 Measurement 15 Computer
Tcmperaniru Sciwrs/Opener 16 Protecuon 24 
Conductivity 6-7 Software 16 Eyewe2r 24-25 

First Aid 26Food &Beverage 8 fe Science 17 'UhUg V7 
nalycuyt Centrifugation 17 Gloves 28-29

Analysis System 17 Hand Protection 30Review 8 Liquid Handling 17-20 Mnito 30Monitors 30Bags 9 Molecular Biology 20 Traling 31 
Microbiology 9-10 

Order From VW Scrientific Call 800w9325000 fman-Aerernth .S VW R Scientific 
A Ar VWW COMPANY 

Cafoma Koes Rochester Fn wasM h[ ke O VW VT Cag4 LtaLoi,,ge'es 708-479-0600 716-247-0610 Di= 31&-82-6200 lntnW Eastmc Yc, 
Ontar 

310-4040770 s19-649-5454w hn 214-258-6953 LNm 908-7S7-4045 902-468-2237 800-265-3496San Francisco 617-461-1880 800-234-9300 VWR Natj 505-662-5558 fac 901-757-0313 800-56S1151 f&C 519-4-,S4"415-468-7150 New mey TUN Accwts PkLmb Pwft-i 924o &2881 Wes",m CUcaorado 609-467-2600 713-240-4700 314-241-1218 304-485-5123 809-788-3222303-371-0970 Quebec 403-469-4411Wfax 
 Won3.1 514-344-6692 800-661-94286.S4 New York 206-575-1500S&WM 5eVjW 615-481-0874 SwtWax 8005361-6442 o34404-123-1354 Oty Iao s11-941o13.
908-756-8030 604720o609-467-2605 41-1-941-5440ftc 41-1-s ]1-S6SO 

There Are More Time & *Tid--- r- monp conik the v" GvetnW C=niog
Money Savin Products On P0 Box 13645 BULK RATEthe Wa . Philadelphia, PA 19101-3645 U.S. POSTAGENext VWR ShowcaseEPff C S ATTN. MAILROOM: faddresee ano longer 

PAID 
Pertmt No. 574with the o~ritation,please delIvr to laboratory PHLA, PA 

products buyer Thank you. 
Address Correction Requested 

Ask for the NEW "VWR 
Complete Guide to BEST AVAILABLE DOCUMENT
Safety"' Ctalog...300 
Pages w -,fety Products 
for Your Business. 



PFrf and TotalSC1Cso or Le-O Low Range ChlorineMo&-4 Cat. No 20603-00 Cat. No. 2086-01 
alorlde. Found in nearly all either sIver or mercuic rutae Chloriae. The most widelyntural waters, chlonde affects wastewater Its measurementhuman taste above 250 mg/L 

ttantand the Model CD-DT, a used disinfectant for drnlongmuln-range lat, is supplied with 	 and control are vital for bothwater, chlorine is also importantHigh levels udubit plant growth, a demruneraizer botde for high-	
safety and economuc reasonsmany industral processes 	 for samtzig swuringpools,an 	 range sample dilution cooling towers and othern"eed to liit chloride Many Hach chlorine tests havemdustraJ equpment, and in theconcena-ara Test lots use 	 been approved by the UStreatment of munucipal Environmental Protection 

SmaltastTest Range 	 Approx.Cat. No. Model Increment 	 Case Ship.(mg/L) (mg/L) Method/Chemistry No. of Style Wt.ChIodde 1440-01 	 Tests (See p.194) (Ib) Price8-P 5-100
As 	 5 Drop count titration/ 100 B 1 $25.0020-4002086-01 CD-51 	 20 Silver nitrate500-10,000 500 Drop count titration/ 100 B 1 62 505000-100,000 5000AS Cl 20635-00 	 Silver nitrateCD-DT 10-8000 0 1-20 Digital Titrator/ 100 Fhlodlne, low range	 Mercunc nitrate 

4 15015 
free C12 20603-00 Cuoe 0-2 5 05 Color cube/ 50 F A 05 1250 m.stotal Cl2 20604-00 Cube 0-2 5 0 5 Color cube/DPD 

ks free Cl2 	
50 T A 0.25 12502231-02' CN-66F 0-35 0.1 Color disc/ 100 F B 1' DPD	 32 50LS total Cl2 2231-030 CN-66T 0-3 5 0.1 Color disc/

DPD	 100 T B 1 32.503free& 2231-01' CN-66 0-35
"s 	 01 Color disc/02 	 50 F B 1 3250&Cree 14S42-00' CN-70 	 DPD0-07 	 +50 T

1 
0.02 Color disc/ 100 FC D 2 45.75free 2C2 14542-01' CN-70F 0-35 010-07 	 DPD002 Color disc/ + 100T

0-3.5 	 200 D 25 4575ttl C2 	 0.11442-02* CN-70T 	 DPD0-3.5 0.10-0 7 	 Color disc/ 200 D 2.5 41.45free & 	 0.022120-' CN-30 0-0.7 	 DPD0,02 Color disc/itaIC02 	 100 F D0-35 	 2 5 75.50DPD•-10 mg/L Tonly) 	
01 +100 Tf1ree & 	 0-10T41100-02t DR 100 0-2 0 50.02 Colonmeter/tl C2 	 100 F0-3.5 	 F 3.5 245 00cVac A puls 25020-25t AccuVac 0-2 0.1 DPD + 100 T 

&S free Cl 2) 
Pkg of 25 free chlonne reagent ampuls 25 12.95wCUV8C Aipuls 25030-25t AccuVac 0-2 	 (resupply for Cat No 41100-02)Pkg of 25 total chlonne reagent ampuls 25Ps total Cl2) 	 12.95free & 46700-00* Pocket 0-2 (resupply for Cat No 41100.02) 0 01 Colonmeter/Z4 C12 	 100 DColonmeter 	 2.5 295 000-4 5 0 1 DPD

-O,OOby so'e 
EPA116 

states 'or ootaole water reor -g.incer soecifiec conditions Check witn ,our 'eguiatory agencazxwoo~~eV 3naivss of wsiewatcef an dotaoie *ate,BEST AVAILABLE DOCUMENT 
1-800-227-4224 

'/ 

http:41100.02


A~HUNIECHROMIUMf
 

zrrm 

Id and High Range Chlorm- Low Range Chromium.-C.uuoded V-45, Co No 2254-01 	 Low Raoe CiIIM--DR 100 Cooo*,eier,Mode4 Cat. No. 12S2?.00 Cat. No. ,1100-03 

)proved tests are indicated in substance sometunes used as a
ency for reporting purposes. orthotobdne, a hazardous About Cl2, Br2 and I2 n'mlm Widely used as a) ed onaets i e ib tcesoti ent achart on page 152. 	 testing--A of our total corrosion inhibitor in coolingchlorne test reagent chlorine test kits can best l conmiug DPD 	 towers and engine coolingFits for deter g higher used to measure iodine orlonmetric reagent are used 	 systems, chmrruum is also usedle%els ofchlorine use tkuosudate brnmine in the absence of)st often for montonng 	 in surface hrnshig,leatherto measure chlorine ttn- chlonne or other oxidants tanning and other industriestable water, s g pools metcaly All chenucals used nI waste effluent. Po%der DPD 	 For iodne concent . The most widely used or,Hach test lots are manufactured rulpty,tst results by 3.8,cm with chlorine more 	 thexavanent chroium,is veryby flach Company to ensure for b.ornne, muftiply by 2. ckly than tablet-form DPD. 	 on dischargescompliance with stringent Kits also are available for tuing more accurate results 	 o cquality control standards circt mezsuleri d btmie,vder DPD also has a 
 and ooine See alphabetical
isiderable advhantage o er list on page 146 

Smallest Approx. Case Ship.st 	 Range IncrementCat. No. Model (mg/L) (mg/L) 	 No. of Style Wt.Method/Chemistry Tests (See p.194) (Ib) Price 
dodne, mid and high rangototal Cl2 2254-01 CN-65 0 2-4 0 2 Drop count titration/ 100 T D 2 $49 50

1-2024444-00 CN-21P 10-200 	
1 0 Thiosulfate
10 Drop count titration/ 100 TThiosulfate B 1 22 50 

24711-00 CN-0T 20-2000 0 2-5 0 Digital Titrator/ 100 T F 4 153 00 
Thiosulfate 

romium, low rangehexavalent Cr 12527-00 Cube 0-1 0 0 2 Color cube/Oiphenylcarbazide 50 A 0.5 12.50 
1834-00 CH-8 0-1.5 0.1 Color disc/ 100 D 1 3500 

41100-03* 	 DlphenylcarbazidcDR 100 0-0.5 0.05 Colonmeter/Diphenylcarbazide 100 F 3 245.00 
cuVac 25050-25* AccuVac 0-0 5 Pkg of 25 hexavalent chromium reagent 	 25 13.951pulsexavalen & 2228-00 CH-12 0.1 5 ampuls (resupply fur Cat. No 41100-03)0 1 Color disc/ 50 Cr' F1Cr (Tivalent 	 3 10800 

Diphenyicarbazide. + 50 Ttifterence) Hypobromite ox.clation 
MiUM, high rangeexavalent Cr 2227-02 CH-14 5-100 5 Drop count titration/ 100 D 2 35 00 

50100020634-C0 	 50 ThiosulfateCH-DT 20-400 0 2-2 Digital Titrator/ 100 G 7.5 154 00 
Thiosulfate

mium (Hexvalent) In Soils and Water 
24618-00 0 5-15.000 mg/kg (soil) Extraction/ Q 10 25200

0-750 mg/L (water),ia t o 'or arailsis of *aszearer Diphenyfcarbazide
Kit ,ritOes nine Heatao fuel taciets ireouirea for d'gestion, Eac- Peatalo wiI Ofovide 'ur', 
 for fie 01al cnronmumrna:.ors To orcer 3aa0t,onai Heamaossee iage 195 

T i'ill riLL DOCUMENT 
153 

http:12S2?.00
http:Chromium.-C.uu
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Literature Request Form appears on revers, side. 

FAXMAIL ORDER FORM
 

U 	 IfHach account 
number isnot known, 
leave the space blank 

Most chemicals and 
apparatus are sold 
separately ('each'), 
but others are sold in
units Powder pdlows, 
for example, are 
available in packages 
of 100 To purchase 
100 powder pillows,
order 1 unit, not 100
pillows Be sureto 
order the number of 
urits (packages) you 
need 

Indude all numbersgiveninthecatalog 
description 

Aone- or two-word 
description of dtem 

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

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

Check one box Tax 
exempt status must 
be substantiated with 
documentation 
identifying your tax 
exempt number If 
taxable, sales tax will 
be added to the 
Invoice 

Address order to: HACH COMPANY, P 0 Box 608, Loveland. CO 80539-0608 
Use this convenient form. your own purchase orders, or FOR PROMPT PHONE SERVICE CALL 
800-227-4224 Ifordering by phone, please have information related to items 1-4 (below) ready 
7 Check box if*Ship To' information isidentical to 'Bill To" 

COMPANY
 
L OMISONoF 

L AdDoREss
 

T 	 cm __ 

0 
_,__ _'___ _ STATE . ZP 

ATUEMrN t Ilt I 	 I 
Po0No ( EXTNSION 

S 	 ATENTION JI l'L l ,H', 	 I , ,
I coup"iY 

jouI 	 ' I L I 
P 	OMSON or _ _ _ _ _ _ _ _ _ _ _;_ _ _ _ _ _ 

T 	 ADDES0 	 AOOESS
cL,..A iTA ,P 

HACHACCOUNT NO (fH aitable) 'ZIP__ ___ SA 

PAYMENTMETHOD: C-Check []MasterCard Q-VISA 7- Purchase Order 

Card Account No or Purchase Order No Card Exp Date Signature 

I1 	 13[] 
_ 

UNT UNIT 
_ 

MANY CAT NO ESCRiPTION SIZE PRICE TOTAL 

I 
_ 

Prices are effective May 1,1993. and am subject to change without nolice 13 Shipping Charge 
, DTAXABLE' -' Yes 7No 

Ifno, tax exempt document Is : Enclosed -- nrtile atHiAch 

TOTAL ORDER 

Check the type of samples (up to five) you test-
Jl 	 D *Wniw(Pom0.diiI 3(11171B) Oswsa Wl,1Nt3)Chm@ 3 i. PrFw(vm 

Ian) s ,aW J1119)BO effWUt(VACi a (O141A ?.oO& %AtgCeRytMA: a (W) 

J(C1 WawI4 imnlai :11.118 Wese :1PI 5eaia 35(Y0)P.1f mzaW Raxr
0 , rSudacat1sWodel 	 IPxags 

MIher rarl 1111 1 K20iCoo"s Waw D iPOS)&ms WawAaM a~06 _____ i~iOft 
:iiE04| Fxerwaie 3(L 0) Ubx&Waz 3iSO7) um Fvnvw"ls
3FOSiSawr" PwaWatt -DiMi MeatPtthy Fah(ecarg ZiIM0 DbVm WaLOrCwjj
 
IiG2Iii, a Waumw 106) .Ji1S1AnuisaFee
 

Check ONE box best describing the principal product manufactured or service performed.
AGR)CUTUREJISHERiES MANUFACTURING PUBUCPWATERUTLITVIS " oo HealthCal A s
.10100FiAn Crops D 2010 i0 , 	

&
unk :14911Pool. Oat-0ns cr" LOMS J8$711Ca tr9mdtT SeO"vaxS

J02M'10:r10LNISW Z 2020 Saq D4920 Noual GomPawm nC .87J"ReSUn&Wg LA Ses:1o?00Sodis I~ 2W G'wru'rca 	 a :14'941WaeSup~ TMaa'wg
Serecesi :4952 Smags ~m220 wavr Tmrs as EDUJCATIONFoewvt~WO0D 	 .1 20M Bca ar., 4939 Cayoud Lilw Sw. ZI1211Elemwtay mv-arf sohiJ0021 Fah Farnrmaxfals 32090O w FoWam *VW oPidu Ahw. Syamm 32 ,tiwn:1 	 I Cofuge&Lhouacu, Z1260 Po A Pa,= 	 110M0 a 

. 2900 Crmaat (nrui asom WHOLELSAUIIETAL TRADE 
UINING CMseoia Megas Denis inx I .i SM0IWssI GO "JbL)C ADMISIRATION 

1300Okias Eu~acm ASei.m .13300 U4U15wsnrnv .J Weg110so SmsAsewsce .95 i1i.w& mew"jawraf
.3400M J95 2 Last %%WaWhItCONSTRUCTION j 3471Pfatri#a.ng 	

JlS 
SERVICES J97:1 Na"WSemny a n.Ort,,

J 1:4~0GanralJ J1500 macvwwyrosna, J7D1 Hoste A oftf 007& d"sOrne Trames 
.51629Wouww Ca i i13600Ewcn01wv~~xw~ i nwr pow,. 	 ,sC %A~~m Fa A OTHERWa!erw9aLewL r ::is I Eacrd s Sewua.370 wn'w Me cospl Ysow
 

.17 -~VACConu,tra =80 Msr.rl'is a MuateoiDa'LC'. . 7M0Warn.Ca0DW"t %n'i-OL.5.W ~ s
.	 Ca st - wWef, Neu O j 390CO,AN :tnet, '-.tr.i s 0w, ns."'a0wat 	 cOorfq 

1632

BEST AVAILABLE DOCUMENT 
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" N ... I I %-./I U V I CORPORATION, Terms: 1% 10, Net 30 day!
Minimum2320 Foster Avenue, Wheeling, IL 60090-6572 	 Order: $50 0(800-323-7442 708-398-0110 a FAX 708-398-0653 	 F.O.B. Wheeling, Ililno,. 

EiNS ULAT ED CONTAINERS 
There will be asurcharge added to i 

freight prepaid ahlpments. Prices anc 
PRICE LIST NO. 600 

Irderithou
(botom) without noticeP-1 
Model 
 Decpuon
No 	 Oenso IntchhNW- Pt

Ln,x INt ca P 

Top-opening cabinet w'h 214 thick foamr-insutated walls and honged lidSOC 	 nylo ToughfAbm oMs washable, removable, rnelouer Cer with carrying strap Exter- 231 x 1414 x23 1rM red 	 $121.80
 
25C 

orblue (spec!ycoor when ordonng).intenor inheatl4lectrve IN-e
Same design and construction as Model 50C.but smaller capacity and 2" UPS 
15%is' x 15% 1 61.85
walls 
Inred or b4ue UPS


20C Same as Moel 25C. but 3 m,-,s, Inerd or blue UPS 
 161x 12% 115 	 Sarn, d" and o ructioas Model 50C.but vnallef cap"Andy I%' duck 17% x 10 x 16 1 63.85tats Inred ot blue Now avnlable In blck tool UPS I
 ,. too[ 	UPS1TSame as Model 197. but 2', inchats shorter In red or blue Now available In blwk x 0, 8!11 x 	 1 x81 .O1 50.00 
197 wWedsg n osrcina utadiumy1.oe SC vendingu or hand carrylng inrod or 1adj~ustable 	csrying strap lor ndrcpct.I f _ _ _ &va ble n blac &tool UPS	 1714 x IN 10% 1 63.90 
198 	 Sarm as Model 195, but smaller Pfecf for flood deliveries UPS 11 x 9% x91 1 	 45 50110C Same design and construcion as Model 50C,but smanor capac" and 2"thick 
 12x 12 x 11%walls In red or blue UPS : 0 

* 	

1 57.90 
,.......* 


. ._
 

45fW opnr Into,"r UPSSF t nam cabinet wh 2 thick loarn-inulated wags, iberoard exterio with 3 x 14, x2 ;3 	 ' 76007600FW Same construction as 50FW.but uale capacity and 2" thick walls. 'IPS 
 161 A 16%20FW 	 x 15% 1 54.85
Same as 25FW,but 3 nches shorter UPS 16%15FW Same conicuonasSoFW 	 x13l x 12% 1 47.05an d with Wu ic.L waft With strap UPS 'A17x 9% 1 	 37.45110FW Sameconstructon a 50FW.but f.2'was With strap UPS 
 12 x 12 x 11 
 1 	 30.65
17SFW Sam construction as FW,but with smallet capacity and 1 thick walls Includes ienyion webc aN g strap UPS 	 117%6.1 i 31.11 	 n1.19
4OFW 	 Same construction ax 50FW.but smaller S UPSand1 thick wans 113A x 838FW Sa construction as 50FW: but smailer 	
z 11 73.95and 1 thick wails UPS 101 x 7%in 10 a 	 Bass 

jTp-opeing, saamless, Molded poytylene, foainrlnsujlatd cabinet withNd-say,2hi'nges.2 laches and2h les UPS 	 1 214224 x 13% x 21% 11 46845SORRHDL 
Same as Model 5ORRH.but with detachable lidUPS 
 221A x 13% x 21%1 1SORR 	 47530Same as 5wRRH but WithOto handles UPS 22% x 13 x 21%SORRDL Same as 	 1 425.80Model 5ORR,but with detachable lid UPS 227A x 13 x 21%Top-opening cabinet with 2% 	 1 432.65- loam walls Luggage-grade ABS Plastic eXteioM. fan 	 31A x 141ASORS 	 interior With carng strap UPS 
1 263.30 

Top-openng, seamlessmoldred p 'lp.25RRDL handles and detachablelid, 4 latches P 	 1 316.25 
25RR 	 17" x 16% x 16Same as 25RRDL but with hNg-l. 2 litches andmoldd-tr 

wth 	
x 164 x 16 1 283.90handles UPS 17% 

TopSop a en r c 2 walls2ORRH 	 thoam InlL ug ag.ra e B plsic P 0 6 x1 %1 
 1
 
2 


extenir and rntenod2 handles. 4 latchesUPS 
1514x11x12%-ORS 

Top-opening chest with 2A thick fom-nulatod walls Luggag12rade 	 1ASS pltic extenor and iiterorIncludes nylon wed carryig strap ls c in-	 3020UPS11
17 OO SM " ywc . lo insulated chest Top-opening, with hinges, 	

1 5 
5170 	 ld-. a h id2 dles UPS 151 x 13% x 12% 1 202.70 

Top-opening chest with 21 thick oa-insulatedwalls152 	 terior and ealerier,wthtoo handle, Ngesand 2latchesI plaic 18% 104 10%0V ooiwI n-, in i 	 193
146 Baske sion ocMdel 	 11.35152, but also with rubbr f" for tabloi Use UPS 11 in92,x 90C 1 112.50 

501 o for Models SORRH and SOf UPS 3 95SOLD- Dotf orMsomdels 5C. 5ORS and5 	 509FWU PS 	 ______Me____9____WUP_ 1 10895254.3 o,Models 25C, 2C 20PRH, MRS and 201W UPS 19Fw, 1 108.9525LSR Dolly wbrMAudelS iL UPS25R and 25R 1 108.95255LR-2 Double oyfor Models 25 DL arnd 25RR UPS n1
SO,] 50F W U PS5e2 170Sel 015 slacinrg baskets 01 vinlyt-coated steel wire for Models 5DOC.5ORRH, SORR, SORROL. 5ORS and5"F 	 6260so UPS	 5 6 

Baskets, 	same construction as Model W08. but set
258__ 	

013 for Models 25C, 25ARDL, 254R, 2SFW. 2DC, 2ORRH. 320R S and 20FW UPS 4690
ISO5 Baskets, same -34"sModel 50,but set of 3 forMode19Ls an i &wups108 	 Biaskets.sameconstructionas 0rodl 506,butset13 wrModels195.197,196and152UPS 	 3 430

3 ___ 

50S _Nylon web carrying strap with handles for SORS and SOW UPS25S 	 Strap. sam asModel S but 770]for25RR,25FW2ORSISS 	 Strap, same as Model 5S,but and 20FWUPS1for15FW UPS 70 
35S Bell-slyle ylon web calTpnr 1 665strap for 110FW, 40FW and 38FW UPS 1 	 665 
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Monitoring Air Quality and Temperature 
Speed read temperatures with this 
handy needle thermometer 
Used In produ pectdon, ponedplantsoil check4 liquid checks 

1 This pocket-me digital probethernometer provides accurate 
readings from only Itt1 second 
saumphng time Coven tempera. 
ture range of -40' to 300F with 

accof +-2F,elim~ating 
need for several bun ul narrow 
range tbermomete. Stainlm 
steel probe. Emy.tovd dipis 
in both Celsius and Fahrenhelt. 

Environmental Temperature Recorders co pokt .atynccu. 
For se Ix posay Aou;M animal urseric; grunhousA 1.9 thermometen 10+.
 
walk- coola6 kqnligsd irwfifaer u ct and dlplay co Orderm . 2 $9.95e. .25.Me
 
Rugged sefl-cctained, remsble unuts trck temperatures with
 
&acuracy o(.4i-2"F, giving youa rab wnui recod for to 10 

two ranes low (.20 to 10" Low-Cost Thermo-HygrometerdayL Avalal a, tm - and 0 
hi (30 to W1F). Frot window you san current and last 24 
bo, Houmed .eatemperature &dtahumidity

ABS plastic case. this reusable recorder can be hung or momted ...Arm Irernoustt nur mrl or 
on wan with mounting bracket (mdu d).Also inJudes AAA" animal confinement buildings 
battery, sohd state quartz motor, and one 36" pressure sensitive Hany dtuL pocket uea b tmeasure 

ntempratar arF
strp recording chart USA ntde. Order rep laemerchariu below poen 32sF to 1"F with +/-

Te-ntuture Order No. 1.2 reit 3+ =1l11 '- awcu-y humidity from 2%-98% RH with accuracy 
Low (-20' to 100'F) IOL1 $195.0/ea. $175.Yea- of+/- 5%RH at temperatures between 59"F and 
High (30' to 1S0'F) 10HFZ $195 OYea. $175..if0 104"F. Features Mm/Max memory for both measure-

Replacelment Ciami iz*ents. CelIus and Fahrenheit scale selectable 
Box of 24 pressure sensive chats, cach providing 10 days of recording. ' - Battery. pocket clp and carrying pouch icluded. 

Ciart for HIGH Range DTC4 $25 95/e. S23.35/es. 1.2 each 3+ each 
Chart for LOW Range DTC5 25 9/Ca. 23.3..es. Order No. DTH2 a 

Gas Detection Systems 
Sensidyne Gas Detection Pump DOSIMETER TUBES 
Provides instant reading of gas levels 
Hen's a sample detecoon system, providing aquid.point-mnume readingL, 5,
 
for asseang gas C oocenta animal sheds or
s in confinm spaamsuch as 

manure pts. Piston-type volumetric rumpu me deteco tubes to amx-mely - 6-


m aure more than 200 gasis and vapor. Simply mapoffends attube,
 
wnsert into the hand-held pump, and pull handle to draw in aprecwly
 
measurted volume of ambient air The farther the color stain travels along7
the tube, the higher the coocenraoo o gaps. Caibration scale f6r detector
 
tubes isprinted for each production Io Kit includes corromon-restszat
 
pump with stroke counter, carrying case, msauctoo ad spare . H
 
paruts. Frve-year waranty Order uba mpaiudy bdowOrder No. 057 q r0adings-forcer.a. -. ....
 

dete rN u Mes 
 -_VPNNWreadings Provide dime-weightedaveragefor certain Sases 
Detector Tulles (lafpack)foegm/owi a In1s ipymi r, . Break offend of tube to expose it to gas. Stain wLU 
Ammonma NH3 1-60 25 13L 35 jW appear along printed scale drectly on t- Divide
 
Carbon Dioxide CD3 100-11.500 s= 12LL 35 95/p. this tube reading by the number of exposed bou.
 
Cubn Mooomde CO 8-1000 0 ULA 35 95/ph Thisin the time-weighted average coocentrabon of
 
Chkonne CLz O.tS-16 0.5 lILA 35 95/p- the gas. Expose from 15 minutes up to 24 hors.
 
Hydrogen Sulde H S 02-4 10 14LL 35 75/pL Tubes are packed 10 to abox. Tube bolder firmly
LF.Ga- - -0-0.% 1000 10A 43 40cP L dip to clothing or can be hung from ceiling and 
Methyl Bmmde CHBr 1-36 S 136LA 39 900plL allows reading at a,lance Order holderseparawy 

N-vgnOxide M; (1-5 N*4 UlL 379(Yph 
PbPtime PI, 0.3 38OMpr M (pp-) N0155 171. GUV.PM ht-ge d 1 
Propane Ci'a 0.1-2% 100 R3p0t t 
Sulfur Dioxde SO? 05-0 2 ISLA 35 751.p Aimocu 25-O P3 53&95/p.
'rl~MmocentratedvSlww Icnuth oW worker efpo, no ill effmca (8hour um weeited aver) Cubon Daox~de 50-45% UD 38.95/pL. 

n detmmned by the ACGIH Aer Coereee of Gwrnmei ladmmal Hylperan. Uton Mowxk 50-I00 .1D 3. 95/p. 

Extension Hose... take readingsfrom a distance Fomaldehyde 1-20 191D 4330tph 
when dangerous condilions are suspected Hydrogeniogen DiSulfhieoxide 10-200 14D 3&95/pL1-30 99D 39 95/ph 
Ths1 5-ft. extenson hose connects between the SENSIDYNE pump Stohu Dioxide 5-100 ISD 3995/p. 

(above) and the detector tube to allow readings to be taken in astor- Sulurie t-100 13D 3895/ph 
age pit or tank. or through a window from the outmde ifdangerous Thue-le 10-200 ID 3&.9S/1 
conditions are suspocted. Order No. 75422 S129 00/ca TUBE HOLDER THIS 9__&M__. 

- NA!LABLE DOCU ,v'I, 75 

http:23.3..es
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The OHAUS FAMILY OF BALANCES........
 
' ' " - CTCT.SERIESSERIES - MULTI-PURPOSE - PORTABLE 

" 
 The Ohaus CT Senes balances are extremely versatile with aselectable menu for 7 standard weighing modes g,oz, lb, dwt, oz t,"
 ci
T"and parts counting 

Iln addition, there's a use prograritimable custom unit mode to acconamodate virtually any weighing application. 

Standard features include bate y or AC power operation (adapter
,wdcuded) and easy push button calibration 

An cptional RS-232 bi-directional interface is also available for com. 
puter operabons 

Capacity &Readability Platform Size Price 
o 200g x 01g 3 0'Dam $5600a 600g x 0 ig 4 0 Diam. 400.00 Accessorl" 
4 10g x 0002g 1.75 Dian P1156351 RS-232 Interface. CT Senes7 $505.00 P115637W $105.001200g x0 lg 475x65" Calibration weight for 115637 (100g) 43.2550000 P115638W Calbrtion weight for 115638I 6000g xIOg 4 75x 6 5' 65.000.00 (1each 1000g.20g)MutOM weight Included 

PORTABLE PLUS ELECTRONIC BALANCES
These balances are consistent and accurate for all weighing requirements up to 500 
grams and a readability of 0 1gramBoth models feature a large 4'/.* diameter ilainless steel pan, four stabilizing feet andthe weigh below Constructed from durable impact-resistant plasticUser fnendly. units feature tare to capacity, LCD display and push-button automaticcalibration Complete with AC Adapter 

Dimensions 7"x 7 6"x 23" 

Cat. No. Capacity Readability Price 
P116000 300 g/10 oz 
 01 g/001 oz $19500 
P11600q 0 500 g/17 oz 01g/001oz - 24900 

-YTICAL This isthe low cost aternative for your precision weighing applications you've been waiting for
DAR BAEversable balance has a large weighing chamber and stainless steel platform which allows sizable sam-IDARL BALANCE v~Plcontainers to fit 
This 

easily, with ioom-to spare The capacities range from 62 to 202 grams with readability
to 0lmg Easy two button operation - ,'models are programmable to compensate for environmental conditions, have amenu lock-out capability to eliminate tampenng,and
spdls and overloads This unit are protected against
will
maintain stzblity and quick response even when drafts and vibrations
are present Standard features four selectab+) averaging levels, stability
auto calibration, analytical draft shield, sealed front 
u'ndicator, auto-zero tracking,
panel diecast metal case,leveling feet
and bubble and
isUL fisted Comes with AC adapter 30 mnonth warranty RS232 bidirectional iterface availableModel 115708 has aMoveable FineRange which provides a62g wexjhng range that s ten times moreaccurate than the coarse weighing range of 202g
 

Model P15706 P115707 P115108 P115709
Capacity(g): 62 122 62202Readablllty(mg): 202 

01 0 1/1
Unearity(mg): 
01 01
*0.2 0.2 :0 2
Tare Range. *0.2To capacity by subtractic-iStabilization Time
t 4secondsSensitivity Drift: 2ppmWC Zero Point Dnft 3ppn/'CPlaform Size: 

.-
-

3-/@ x 9DiameterDimensions: 8 3W x 14 5"H x 14 5"DNet Weight. 15tb 
Price S1,695.00 S1,895.00 S2,050.00 S2,395.00 

J & HBERGE INC. (908) 561-1234 
BEST AVAILABLE DOCUMENT 

http:S2,395.00
http:S2,050.00
http:S1,895.00
http:S1,695.00


NOW with a 5 YEAR WARRANTY!!!
 

PRECISION
\BALANCES 
IISM115713 

standard ModeI & Plus Models Each PRECISION balance is built to last lioqroraoting advanced construction an rugedesign to deliver added durailty ovr bre De-cast mertai cas3, large stainiess steel platforms and shock absorbing pan supports are just afew of the quarty features youll find in thse balances PRECISION toploaders also offer outstanding readability from large 6' LCD displaysand auto calibration with full capacity tare by subtracbon
The PRECISION Standard balances weigh in grams only Operating temperature for an PRECISION balances is 50. 
 1041F (10 - 40C) Bidirectional RS232 interfacing with selectable baud rates is standard on most modeLs and aJlows integration of the PRECISION toploaders withyour computer system or any other penpheraj device An AC adapter is indluded with each modelWdh the PRECISION line you'll have the power to compensate for vanous environmental conditions specific to your applicationweighing modes is available on the PRECISION Plus toploader line, and can be activated upon demand 
A vanety of

The weighing modes are U.lb. oz. lb,ct. dwt laels, oz. L.gn, momrne. 1customn ourt parts counting, %The PRECISION Plus models have four user selectable stability and four averaging levels along with programmable auto zero tracking Draftsields are also available on selct units A3 models are UL and FCC approved 

Models No. 115710, 115711, 115720 and 115722 come with a draft shield. 

PRECISION Standard Specifications & Ordering Information: 
Cat. No. 
 PI15710• 
 Pl15711• 
 P115712 
 P115713 
 P115714
 
Capacity (g) 120
Readability (g) 001 

400 400/40 4000 4000/400

PrecislonlReproduclbillty (g) 001 

01 01/001 1 1/01
007 007/001Unearlty (g) 07 07/01001 01 01/001Pan Size (in) 4 75 dia 1 .1/014 75 dia 4 75 dia 60Lx65W 60L x65W
Price S980.00 $790.00 $1080.00 $980.00 S1100.00 
PRECISION Plus Specifhcatlons & Ordering Informatlon: 
CaL No PI15720 • P115721 P115722' P115723 P115724 P115725 P115726 
Capacity (9) 200 400 40080Readablity (g) 600 2000 4000 4000/800001 01 01/001 01PraclslLnlReproducibllity (g) .001 007 

01 1 1/01.0071001 007 01 07 07/01
Pan ze (g) 002 01 01/002 01 02Pan S (In) 4 75 da 1 1/024 75 da 4 75 dia. 4 75 dia 60Lx65W 6 0L x 65W 60Lx65WPrice $1450.00 $1050.00 $1450.00 $1250.00 $1450.00 $1175.00 $1400.00 

ALUMINUM WEIGH DISHES 
DISPOSABLE PREMIUM QUA LITY ATGENERIC PRICES 
Designed for weighing, dispensing and storng Can also be used as evaporating dishes or dustcovers No coating and free of oil Withstand temperatures to 1,2500F Smooth bottom Cnmpedsides for better ngdity Inexpensive enough for single use Finger-gnp handle large enough toimpnnt sample numbers
infrared lamps 

Stack and nest easily Used with some rmosture balances employing 

Cat. No Size Top .D Quantity Price Quantity Price 
P217243 20ml 44 mmP217257 50ml 60 mm 100/pack $750 10 packs/case $6000100/pack 900 10 packs/case 72.00P217270 70ml 70 mm 100/pack 14.00 10 packs/case 112.00 

FAX (908) 561-3002 BEST AVA A3 E POCUMENT,.-:,.',.E DOUMEN 

http:S1100.00


pH 
MICRO COMBINATION pH ELECTRODE 

Measure pH in a single drop!
Designed to measure samples In 96 well plates, micro centrifuge tubes or any volume down to 20 
This revonutary electrode plugs into any pH meter and features a solid state sensor and a Teflon capillary tube making i1vrluallty unbreakable guaranteed for theIde of the probe

'. 


ANV""
 

Cal NO. 
P 217353 
P217354 
P21735 
1"217356 
P217357 

CHECKER 

Why use glass? Swce the sensor istotally non.ass iftwiU resist degrad.%. CaL No Descriptionlion due to Protein bi The probehas amuch lower input wroedance Immersion Depth of lmmthan glass probes and wimrpy give (pHrange of Ito 12)P362117-00 
a morstab pHreading. andscom.P362117-0

Micro Comb pH (US Wd conn) 
1 Micro Comb PH (BNC conn)

p&jiwit an th ml b PH immelon Dphof 01" Tworan(secifyi on ser whnTwo ranges of Nninfs or n )mF362117-02depths are Micro pH Mono Probe (US sid)available Also available is a micro (needs reference probe)P362117-03 Micro Reference with PinjtckS probe for oxidation-reduction mea
nOxidationAJI probes arc available with radiome- MeasurementterconnectorsM:r P362117-04 

Well Plates 
96 Wefl.Round Bottom wAid
96 WelI.Round Bottom Untreated, wtot lid96 Weti.tat Bottom wid9
6 Well.Fat Bottom widlBulk Pack
96 *HalfWeir.Flat Bottom w/lid 

pH METER 
This pH Meter is .ompact In size,designed for pH measurement in 
tight sp4ces. 

_ 


_*--. 

_. - ,for 

Features a large, easy 
to read display, with aresolution of 01 and an 
accuracy better than 
02 Ithas a wide range 
of 0ofto 14 pliwith a, 001 reading Thereare.
 two versiors avaiabte, 

a screw cap elec-
trode. or equipped wth 
a BNC connector 

Chocker is supplied 
complete and ready-b. 
use with a rugged pH 
epoxy electrode and 
batteries, or without 
electrode The Checker 
can be used with anyshape ar size pH elec. 
trode best-suded for 
your application 

Description 
Pric 


16"890 Checker w/ a rugged epoxy body pH electrode $31 00 
Checker without an electrodei6862 27.50Replacement electrode 

14 00 

-JT ,"' L. . DICUM ENT 

Mi Reo ProbeR <o roe2 


Deph x Diem. Volume 

Price 

S32900 
329.00 

249.00 

16900 

249.0090
 

Growth Area Price 
10 85 9 mm 0 37mL

10 8x6 9mrnm 
 142 00/500 37mL 87-5WW10 8x6 4mm 0 37mL 0 32cm 122.50/5010 8x6 4mm 
 0 37mL 0 32cm 110.00/5011 3x4 5mm 0 37ml. 0 16cm 132.50/50 

HAND HELD SALT ANALYZER 
This portable salt nalyzer measures % concentration of NaCIto a maximum of 20% salt concentration. 

Selectable 'Fixed'
 
or 'Variable" cai
bration modes
 
permt user to 
read factory caii- -

brated NaCbcon.centration or Me - .concentration of 
"saltswith similar
 

conuctvit 
 vs % 
corcentration reia-

Ips
 

Platinum RTD 
temperature 
?djusts readings
for increased 
accuracies 

H&M AreM Resoluton It= .
0-2% 03% NaCl 001 0-82C0-20% 3% NaCt 01 0-82 C 
P364975 


Analyzer 56000 

J & H BERGE INC. (908) 561-1234 

168891 



--

pH/RH
 
PORTABLE RELATIVE N1 ,1VI DITY 
METER 
This heavy-dutyhyrometer designed NcwA 
for the food 
provides hgh accuracy 


prodes hiughccurayons 
without risk of damaging 1 
circuitry Easy to oper-
ate with single On/Offkey and large, easy-to-
reau LCa Offer a long 
reate CDffer a 
votage and which
.ater, 

when displayed, grves 


gvesactiva~arIwtie dislayd,
approximnately 20 fmore 
ho-urs of operation &at-


System shuts off display 
when low voltage could 
cause maccurate readings 

.probe 

.. o 

Electronic circurtrl inside the humidity probe guarantees an 

immediate convorsion and compensates for any temperature 


offect A perforated cap allows good air circulation while pro-

ct the sensor 


The probe has a 1 meter long (3 3 feet) cable to access those 
hard-to-reach place, The probe can be detached and 
chansged easily 
Specifications: 

Range 5 0 to 95 0% RH 
Resolution 0 1%RH 
Accuracy ± 2%1.of full scale 
C'libration 2 points, through tnmmers on RH probe
Battery (mciud-) 4 x 1 5V AAA 100 hrs of continuous use 
RH Probe Diam 6 7"x 1"wlmm 3 3' spiral cable)
Temperature Effect Negligible from 0 to 50* C (32 to 122* F)
Operating Conditions 0 to 50°C (32 to 122°F), max 95%RH 
Dimensions 7 TL x 3 1-W x22H 

CaL No Dscriptin PriceCat 

P440108 
P440108-1 

Portable Relative Humidity Meter 
Replacement RH Probe 

$395 00 
19500 

PICCOLO 2 & PICCOLO PLUS 

The Piccolo 2 (365750) is a revolutionary allin one pH meter 
with an pro-mplfiedpH lecrodethatrnsmis alow~anc sinalTheElectrode + Amplifier' desion It has an interchangeablepre-amprified pH electrode that transmrts a low imnpedance sigjnal N

E 

to the meter, not allowing the electrode, connector, cable or meterto become suscptible to noise and unstable reading:s 

Specifications Piccolo 2 Piccolo Plus 
365750 
 365751 

RangepH1 001o13 00 1 00 to 13 00 
Range Temperature _ 0 to 70 "C 
Resolution pH 001" 001 
Resolubon Temperature - 0 10CAccuracy pH A 01 t 01
Accuracy Temperature  %.,"C

Calibration Two Point through Offset and Slope Tnmmers 
Temperature Compensation Automatic from 0 to 70°C (32 to 158F) 
Environment 0 to 50°C (32 to 122°F), 95% RHBattery Type 3 x 1 4 Votts 
Battery Life 100 hours of continuous use 

FAX (908) 561-3002 

WATER RESISTANT pH METER 
for FOOD STORAGE or MANUFACTURE 

heavy-duty pH meter. designed to berugged in humid and wet environments,industrys.
easily operated by pressing ON/OFF 
button to read pH value Two innovative 

features include user selectable I or 2 
point calibration tnmmers which are 
sealed behind aprotective plastic cover
to prevent any accidental interference,
a-idl
also only one pH electrod wirtha
direct cable with no extra temperature 

or cable 1200 hours of batterylIe 
guarantees long, trouble-free operation 

iattery Enror Preventive System will be 

(app4'oximaely 20 hours after 
the V s displayed) by shutting off the 
display when low voltage could resul in 
erroneous readings 
The 170110-1 isa Kynar body refitable 

Cw 

-

-

combinabon electrode that is impervious to most aggressive chemicals unlike 
conventional plastic/epoxy body electrodes and comes with the meter This elec
trode incorporates the latest silverchionde-free double-junction technology which 
gives faster readings and above al greatly reduces the chance of sample con
laminatior by sdver 120nmL x 12mrnmD 
The 170110-2 i a glss body refilable combination electrode and may be pur
chased separately This cost-effectiv eleciode has a single junction and a 
small 6mm (25") diameter sensor which facilitates e&sier cleaning and allows 
measurem3nts in smaller samples 70mmL x 12/6mmD 

Speciflcationx: 
Range 000 to 14 00 pH
Resolution 001 pH 
Accuracy ±0 02 pH
Calibration 2 Point, offset and slope
Temp Compen Manual from 0 to 10C (32 to 212*F) 

through tnmmers on the casing
Battery (inctde) 4 x 15V AAA 1200 hrs of continuous use 
Operating Conditions 0 to 50C (32 to 212 F)
Dimensions 7 71 x 3 I"W x2 2H 

No Description Price 

P170110 Water Resistant pH Meter S320 00 
P170110-1 Kynar Electrode Replacement Sa 00
P170110-2 Glass Body Electrode Ophonal 10800 

PiccoloPlus (365751) is a hand-held StiCk pH mater thatincorporates a 5aermoxteter for highly accurote temperature 
a rames Themometeor hiy of meatur e"measurement The additioal capblrly of rneasunng anddi.playing actual temperature makes i the most versatile stick pH 
meter available 
The Piccolo Plus also features a replaceable electrode tha has adurable design to gtvf-maximum protection, and it incorporates a
sealed amplifier - a unique feature which makes it impervious to
dirty and humid environments resulting in a 'go anywhere*, easy 
to use meter 

CatNo Description Price 
Cat No 
P365750 Piccolo 2 

Description Price 
S13900 

P365750-I Replacement Electrode for Piccolo 2 51 45 

P365751 Piccolo Plus 15500 
P365751-1 Replacement Electrode for Piccolo Plus 72 45 

51 



New ProductspH METER NEW! GRINDING MILL Ideal for AgriculturFeatunng one rugged elec. Pharmaceutical & Food Latrode for both pH and Tern. 	 oratoriesk rt
 
perature, this meter has Perfect for gnnding food fibers, minerals 
automatic temperature corn- chempensation Easily made s and more, this disc mill uses noscreens and has a detachable magnet forswitches from pH to temper?. terceptng _trI'np metal Adjustatne gnndhure at the touch of a button settings are easily controlled by adjustingare made on the display It gap between gnnding discs instep of 3 0has autoinabc bufere recogni m'crons Output spout for easy attachbon ncalibraton Includes mont of plastic bag for dustproof disa spay desgned = 

with wrist-strap, and a 2 year 
ctage, also supplied with a 1/2 gallon 

warranty on the meter an 
metal container for collecting ground prod6 uct Easdy removable toughened gnncrngmonth warranty on the 3-i-I discs make this attractie anodized alupH etnoe (Included) minum finished grinding rmil easy to cleanmcorporatng a bult-in tem- Set of 2 spare grinding discs also avail.


Specifications.., perature probe able
 

Range 0 00 to 14 00pH / 0 0 to 70 0 C CaL No.Resolution 	 Price001pH/01C 
P428442 Grinding MillAccuracy 	 $1275.00 

Temp Comp 	
± 0 1pH / 0 5 C P42 8 4 2 Gn la en D = $ 0 0
Auto 0 to 50C (32 to 1221F)


Calbration 	 P428442.1 Replacement Dscs 6000Auto w/ buffer recog (4. 7, 10) (Set of 2)Electrode 	 Three-in-one pH electrodeBattery Ix9V 
Oviensions (56x3Zxlst 	 REPLICA-PLATING TOOLTOL 

Low-cost, accurate method ofCcl.N o. Desc~ P icecolony tool inctudes a locking ring which is used to 

pton 	 replication. This replica-plating
P170100 pH Meter S310.00P170101 Replacement 	 secure sterile velveteen squares onto the96 00 cylinder just prior to replica plating3-in-I electrod 	 For

preparation of cotton velveteen squares
(approximately 6"x6' or 152mm) they areFLOWMETER KIT 	 usually stacked and autoclaved inkrafl paper
 
or loose aluminum foil The autoclave drying
combination of versatility and portabi-	

cycle is useful in removing condensed
moisturety. this flowmeter kit is designed to fill 

To make colony replicas the petridish carrying microbial colonies is invertedyour requirements for a wide variety of and lowered onto the cloth surtace and thenliquid or gas flowing monhtonng
contains 	 The kit ited Subsequently, a liesh sterile nulnentone (1) flowmeter frame, four
(4 ) 150mm flow tubes, three (3) valves 

plate is inverted and lowered onto-the velveteen and then lifted Thisreplica-plating tool may be disinfected between uses with a bnef nnse in
and a flowmeter stand, along with all 70% ethanol or 0025% Clorox bleachnecessary tools for tube and valve con-	 The aluninum nng is 4 (102mm)
versions Housed in a rugged 

in diameter and the PVC cylinder is 2 15 (55nm) high One pack of 12
polypropylene, molded carrying case, 

sterile velveteen squares (P373419-1) are included Extra velveteen 
the kit allows measurement ranges from 

squares may also be purchased by the box, with each box containing 3 
-

bags of 12 squares4ccmm to 45Lmn (air) and 0 01ccJminto 1300ccifrn (water) All kits are sup- Cat. No Description Priceplied with a wido variety of calibrationcurves for both air and water P373419 Replica.Plaling Tool $50 30/eacations 	 P373419-1 Velveteen Squares
Spec 	

REPLICA PLATING GRID 54.90o36NEWOperating Pressure Max 250 p
Temperature Max 250F Flat, white polystyrene plate 13'2" x 15'
Accuracy 2 Ithas 5 wells of the exact size to hold a petn
% ofulscaleRepeatability 0 25% of scale reading 	
(Ash Two wells are printed with a 24 squareFlow Range Approx 	 numbered grid and two are printed with a 5010% to 100% of full scale reading square numbered grid The gnd pattems aidScale 0 to 150mmCalbrabon Curves Required to determine flow rate of media inprecise location The center well is blankand holds the master dish 

Wetted Materal 	 Samples from the center of each colony inSeals Flowmeter/CaL No Flowmeter &Valves & Valves Price 	
the master are removed with a sterile toothpick and placed in one of the grid-oriented

P369750 Brass Buna-N S440 00 dishes A new sterile toothp k is used foreach transfer The position of the relocated 
sample is easy to identify with ,is former location in the master plate
P217322-AX(908) 5 61-3002 BEST AVAILABLE DOCUMENT	 S1995 



Refractometers/Safety 
REFRACTOMETERS Atgo hand refractometers from the word's leading manufacturer, are handy 

SiM loe-USe instruments formeasuring solution concentrations Typical applica.i onsinJuded delemning sugar concentration of food products and cosmeticsReadings are taken easily and accurately in only seconds Each refractometer 
Zcomes with a carrying case 

9'~ 
m / 

Types Ni, N2, N3 and N4 are used for measupng the sugar concena I tation of fruits juices. concentrates wins, syp and colas Typek. l I ,N"0 and N20 ar used for measunng concen-rabon of low densityaqueous sol ns such as cutting ods and tomato jueThe ATC-1 Automatic Temperature Compensating Type has a bui in system to eliminate the problem of making temperature compensatwnsThe Type 500 is a high contrs refractometer that permits a wide range of measurement. 0.90 Brx N-5000 
dinx 

and N-3000 measure the refracteof vegetables od and petroulum
HAND PROTOMETER 

Aquaculture. fish processing, Fish & Wildife Research Auto tempcompensation allow changing work environments without re-calibrating 

Thi had m1ractometer povxi tm functios for ft 
dncal lab Serum protein, unne specific gravity andrefractive mdex, an in one IV diam x 7'Length unit 

kaj &M, 3 Ranges 

Serum Protein Urine Specific Gravity Refractive 
0.12gJ r00ml 1000-10.50 1333-1360 
CaL No. Description Price 

P384000-25 Refractometer Clinica £25942 

cat. NO. 

P384000-e
P384000-01P384000-02 
P384000-03 

P384000-04 
P3840006 

P384000-07 

P384000-20 
P384000-21 

Type 

Ni 

N2N3 
N4 

N10 
ATC-1 

500 

N-3000 
N-SOo 

Us. 

Sugar Content 

ContentSugarSugar Content 
Sugar Content 

Low Density 01,Juice 
Automabc Temp Comp 

Wide range-high contrast 

Refractive Index 
Refractive Index 

Range 

Bnx 0-32% 

Bnx 28-62%Bix 58-90. 
Brix 45-82/ 

Bnx 0-1/0
Bnx 0-32% 

Brix 0-90% 

1435-1 520 
1333-1 520 

Prce 

5213.65 

222.35
23980 
23980 

25725 
27250 

762.00 

319.35 
762.00 

HAND HELD SALhIITY REFRACTOMETER 
De!ermnes the concentration of dissolved sll in water Applications include 

Accuracy i/PP 0 Cat. No DescriptionsAUsesSalinity Range 0 - 100/PPT Price1 000- 1 070 P384010 Quack checks of densrty orMm. Division: i"hPPT 0001 $35200
salinity with Automatic Temp Comp 

LAB-AIRE DUST-FREE DRYERS SKIN GUARD 
Dry laboratory glassware PROTECTION FOAM rapidly and .afely with this 

- NEW!!!bench or wall-mounted stor
age unlL 
 *No residues...
Itprovids continuous warm air no change in tactility
crculation through 44 hollow 

; nylon drying pegs Three sizes Four hour protectionT1 -. ILarge of pegsor acceptsmiall boresglassware withDried lab- per application 
ware s not too hot to handle A ,, .,w ,  polyurethane foam filter keeps- , . , air dust-free Unt can be hung Guard the *nfromthedmagingeffects 

Ie on wall of harmful or irritating substances in the 
A stepless, hgMow heat control Lab Skinguard's ingredients combine to

,(time form a totally unique protection bamerproportional) ranges from 
ambient to 2030F and has an The bamer is actually formed w"tun theautomatic thermostatic safety outer layer of your skin and preventscontrol cut-off 6t 3-wire cord absorption of both od- and water-basedhas groundd plug 6O0 Hz. products as well as micro-partculates
500 watts 12'h'xx,.4high Withstands multple washings
Ship wt 19 Ib 

No. of PriceCat. No De scription Price Cat No Description Applications Per Can 
P223210 115vac $595.23 P202430P223210F 1 7oz (50ml)Replacement Filter 75 S16 9520 43 P202431 3 4oz (100ml) 150 28.95 

FAX (908)561-3002 BEST AVAILABLE DOCUMENT 67 



H SYSTEM UNIOUE NON-GLASS UNFET 
is hadheld microprocessor-based meter has a nearly indestructible solid state pH sensor
ing advanced on sensitive field effect bans 
 tor (ISFET) technology, the sensor has manyfantages over glass electrodes, It is unbreakable, can be stored dry, measures samples as
all as one drop, and requires no maintenance 
 The compact meter measures pH, mV andiporature There is automatic temperature compensbrabonat PH 4 00. 7 00 	 automatic buffer recognition. autoa10 . ,nd c an thorbuffer eiI is retained even after shut-off	 

Caiibra-

Microprocessor bosed pH System includes 
a 3-M-1 probe wrth a solid state ISFET pH sen.
bultn meferenc& and temperature Sensor, battery, AC adapter, buffer bottles and ruggWelying case 
Powered by either a 9 volt battery or the ircuded AC adapter, this protected
urnent is ideal for laboratory. field or mdusta use The probes are a solid state "rnsens.field effect U 
 (ISFET) wrth built-n reference and temperature sensor
 

P168258 Microprocessor based pH System CompleteP1682a 	 $59b.00Ranbow Buffer It pH4 0 1, 7 0. 10 0 1595 
d statepH probes are a patented design to meet your application demands.me the probe that best fits your needs 
t259E Is ideal for use with solvents Particuiarny enronmentaj appiat-ns,ir extreme durability and chemcaj rsistance for exlemaj and industral application259 Supenor response and sensitrity to small PH changes for general laborator
cabons eten with mixed & non-aqueou259M Same performance solutions Great for biol.ogcal buffer sysems
as 0168259 but in 'mcro' format for measurement of
m'nely small sampe sizes or depfts 1 	

Range: 0o 14 pH 0 to ±1999 mV 
0to 100"C 

468259 Replacement Probe 	 Resolution: 0 01 & 0.1 pH 10 & 0 1 mVu68259E Environmental Probe. 	 $179.00 Terrip Compen..supenor chemialresistance 	 Automatic
168259M 	 249.00Micro Probe For extrernely small sane sizes 	 6AutonIcx3 x 1

259.00 

IECK-IN pH METER With STABILITY INDICATOR 
idele for the Fo d sndustry 

vhen the PH electrode has stabilized, does the 'NO' signal change to, indicating a correct reading Every pnnt-out indicates time and date in)n to the pH value, an invaluable asset in traceability for any 0 C staIS232C compatible 
4 electrodes come with a universal 8NC connector and cary a full 6warranty The calibration is simple and effective The meter pnnts outf-step instructions to guide the operator through the calibration procealso automatically recognizes pH 4. 7 and 10 buffers Calibration datanod even when the instrument is switched off The unit comes with 5standard paper, a power cord and dust cover

mcdesForEerydayUse: 
Je 170121 is a glass body, double unction, Viscolene, combinationtrade Conic-shaped tip Ideal for taking repeated and accurate meants at short intrvals Dimensions 4 7L* x 5D 12 mm diameter
le 170122 is a glass body, refillable combination pH electrode withiramic junctions to inhibit clogging The tip is sphere-shaped for aarea of contact Dimensions 4 7L' x 5"D 6mm diameter 

Power. 11OV, 50/60 HzBattery (back- p)pH°C 0 00 to 14 00 pH 	 A 9V battery for up to 1 year back-up power-10O0to +1250C PrlnterDlrnenslons Dot-matnx pnnter with 44mm standard paper9Lx65Wx3"HIon: 	 pH 0 01pH0C 0 11C29 	 Weight: 291bs 
SpH ±01 PH 	 s 

Cat. No. Descriptionon: 	 PriceAutomatic recognition at pH 4, 7, & 10ture Compensation. Manual from 0 to 1006C 	
P170120 Check.In pH Meter onlyP170121 S835 00Automatic from -10 to +125oC 	

Glass Body, Double Junction ElectrodeP170122 	 130 00Glass Body Refillanle Combination E'ectrode 130.00 

BEST AVAILABLE DOCYJM99RGE INC. 
(908) 561-1234 
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COLE-PARMER' 
INSTRUMENT COMPANY 
7425 NORTH OAK? ARKAVENUE #G% 
NILES. ILLINOS 60714 U.S.A. 

ryo- On 

0N 
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"CALLTOLL-FREE: 
(800)323-4-340 

In the 708 and"312-area c~de' -
DIAL: (708)647-7600-. 

- rMFAX: (70p) 64"T7.9660 ./ 
-TELF_.X.-28-940-5 ------ "" -

CABLE: "COLEPARMER"9.o 
Orderdlirectly from Cole-Parmer or from our authorizE.

EASYLINK: 62939214 dealers andd,,tobutor outside the United States 



A LOW-COST, PORTABLE, FORCED-AIR PALLET COOLING SYSTEM 

M. D. Boyette, R. P Rohrbach 
ME.MBER F.LLow 
ASAE ASAE 

A&STRACr. Many types ofproduce require thorough cooling immediately after harvest to manintize quality losses. Inmany instances this isaccomplished byforced.air cooling in a refrigerated room. This study was conducted to determinethe applicability of residential air-condanoning equipment coupled to an insulated reusable container as a low-costalternative to traditional room, forced.air cooling. Aportable, forced-air precooler for single pallet loads offresh fruitsond vegetables was designed, constructed, and tested. The system unlized an inexpensive reusable cooling and shippingcontainer coupled, during cooling, to a modified 1038 kW (2.95 t) mobile home air-conditioning unit. Tests with varioussmall fruit indicated acceptable cooling rates. At the completion of cooling, the insulated container provided severalhoursofprotectionforstorage or transport.Keywords. Postharvest. Cooling, Refigeration. Portable. 

orth Carolina has one of the most diversified Small fruit such as brambles, strawberries, andagncultures of any state in the easteni United bluebemes are extremely penshable at room temperatureStates. Although best known for tobacco, sweet and require immediate cooling atter harvest to prevent aNpotatoes. and poultry, North Carolina is also a, rapid decline in quality (Kader el al, 1985. Hardenburgleading producer of apples, cucumbers. strawbemes, and et al.. 1986). Because of the possibility of adverse effects'Muscadine' grapes However, in recent years, there has associated with wetting, the preferred and most commonlybeen growing interest in the commercial production of utilized cooling method for small fruit is forced-airhigh-value specialty fruit such as strawberries, cooling As commonly employed, forced air coolingblackberries. raspbemes. and blucbernes Nlucn of the utdizes a retngerated room equipped with tans designed tosmall fruit grown in North Carolina is presently being pull large volumes of cold air through palleized packages
marketed through pick-your-own establishments or or produce The close contact berween the moving cold airroadside stands These commodities are extremely and the warm fruit eltects rapid heat transter (Parsons.perishable and ordinarily would require immediate 1972) Large and sophisticated versions of forced-airposzharvest cooling to prev,:nt degradation were it not for cooling are utilized extensively in commercial coolinghe relatively short time beereen harvest and consumption operations throughout the world (Mitchell et al . 1972.A growing demand and expanded markets for these Freeman, Morey, 1988). Although favored1984. by:ommodt.,S from grocery stores and restaurants in economies of scale, Kasmire and Thompson (1988)iddiczoi to a diversifying agricultural base (Agncultural estimate that the capital cost of these facilities often;tatistics Division, NCDA. 1990) has promoted many exceeds SI 65/cooled kg/day (S0.75/cooled lb/day) In:rowers to consider expanding their proauction to addition, they estimate the gross cooling efficiency of suchccommodate these opportunities. Expansion into the facilites may be less than 50%ommercial market usually requires a considerable " Although instances where a grower receives a pricerivestment in postharvest cooling and handling facilities premium for cooled produce is not unusual, often thend possibly refrigerated transporT. Presently, only a few benefits of cooling are more indirect. These indirectrowers have the fruit volumes and financial resources benefits may include better appearance, a much longer!quired to invest in these specialized cooling and handling shelf life, and the pnde that comes from marketing a high-Lciliries. The risks associated widi a new venture and the quality product. However, the most important indirectansiderable cost involved prevent many growers from benefit is the marketing advantage cooled produce has overkin full advantage of this opportunity in commercial non-cooled. In a buyer's market, with other factors beingnail fruit producuon. equal. cooled produce will always sell before uncooled
 

produce because buyers associate cooling with quality.
 
Article was submitted for pubiiction in June 1997. ,eview d and rNorth Carolina growers, attempting to compete with
 

proved for publication by the Food and Process Enineenngwinst. o( efngerated prodce from out of stare, have little choice but 
;AE w November 1992. Presened as ASAE Paper No 39.1632 to cool. 

P2oer No. BAE 90-04 of the Journal Series of the Dept of Biological
d Agricurural Engunecnng. North Caroihna State University, Raleigh
e tiS, of trade names throughout this article does not consiiue an PRIOR STUDIES 
orsernenc by North Carolina State University or the authors
The authors an: Michael D. Boette. Assisztat, Proic jor. and Rogter Small 
 portable cooling units designed to "'plug-i" toRobrbach. Protessor. Dept of Biological and Agricultural small insulated shipping containers have been utilized bygineering .erth Caroitna Stte University Raieign the world's airlines and oceanfreight carners on a li[it.'d 

L. 9(I) JANUAAY 1993 1993 American Society of A gnc.Jlrurl Engin en 0883.85-42 / 93 / 0901 0097 97 



basis for more than 20 .ears 0\,tchell. 1989. personalcommunication) These units typically have been utilized
for in-transit maintenance cooling of precooled 
 highlyperishable produce or dunng extended stopovers or delays
These units are 
not designed for. nor intended to assume,
the entire postharvest cooling load . l#

A small insulated cooling and shipping container hasbeen patented and tested in Georgia on a vaner) of crops

:Magee, 1989). The container is cooled by a thin block of
ce contained in the lid. As the ice melts, the chilled water -
frips on and cools the produce below. In North Carolina.-

--.nvestgatzons of low-cost, portable cooling alternatives for
mail fruit have been underway for several years. Rohrbach 
 -
ital. (1984) successfully designed and tested apallet sized -;orced-air cooling chamber utilizing liquid CO2 for grapesnd blueberries. Beasley (1982) designed and tested -small evaporative cooler/forced-air cooling fan
Dmbinanon to be used at roadside markets.
 

DJECT VES
ticle were toThe objectives of the mvestigation described in thls 

4 

" Design a forced-air cooling system to rapidly and t
 
-

uniformly cool single-pallet loads or up to 400 kg(880 ib) of prepackaged small fruit. 

Figure i-Cooling Container.
-
Determine the applicability of a residential airconditioning unit to serve as 
 both the source ofcooling and air-handling.

" These masters are in turn stacked six to a layer on aDesign a low-cost, reusable, insulated pallet-sized shipping pallet in lots of up tocontainer for cooling, storage, and transportation of 144. 96. or 60 in the case orhalf-pint. pints. and quarts. (238packaged produce cm3, 475 cm3. and950 cm3). respectively Although desirable. it is not " Evaluate the system's overall cooling effectivenessunder varying field conditions. 
necessary that the cooline container be completely fullFigure 2shows an acceptable fill or 84 twelve pint m.,sters. 

Half-pint and pint masters have width of!UUIMENT approximately 34 cm (13-3/8 
a 

in ) and a length of31LuG CONTANER approxcimately 51 cm (20 in) such that when arranged in[Me cooling container shown in figure I consists of a 
two rows of three each they form a square ofapproximatelybottom, and four side panels of 51 102 cm (40 in ) on a side The maximummm (2 in ) thick outside dimensions or the coolhne container werets of Dow exa-uded polystyrene insulation commonly limited to

ried to as blueboard This insulation material, normally 
122 cm (48 in.) to allow :t to fit conveniently between the

)flied in full-sized panels measuring 
wheel wells of a full-size pickup truck Because of this122 x 244 cm linmanon. the inlet and outlet plena were limited in depthx 8 ft). is safe for use as food packaging, reasonably to approximately 425 cm,ble, and has an-advertised thermal resistivity or 

(1.67 in ). which seemed less
 
b7 m2 K/W 

thin optimum but nevertheless proved satisfactory. Cold
cm (5ft2 F/in.). One sheet of 6.4 mm
in.) CDX grade plywood was bonded to the insulation
ral for added ngidity and protection from mechanical
 age. The adhesive selected was "Elmer's Gluall", ate glue compatible with both the wood and the 
OUTistyrene insulation material. Before the plywood wasied, the glue was evenly spread on the insulation boardlayer approximately Imm (0.04 in.) thick. As eachposire panel was completed, it was stacked one upon 

,her on the floor Five full-sized panels are required 
____ 

ch container (four for the sides and one for the top.

commercial markets. small fruit such as strawbe ies, I-i -
ibles, and blueberries are normally packed andetedc€ontainers. These containers may or may nor haveto the consumer in half-pint, pint. or quart pulp ora __d

phane or mesh coveriners are aggregated Twelve half-pint or pintinto a corrugated fiber board '-"Figure 2-Drawing or cooling conwiner with top and side removed for.r. Eight one-quart containers fill a quart master c€ari-, 

BEST AVAILB EDOCUMENT - -



air inlet and outlet holes. 30 5 cm (12 in ) in diameter, were 	 residential air-conditioning s.stems are designed to cool aircut in the center of opposing sides adjacent to the two to 18 to 22. C (64 4 to 7, 6' F) and. theretore, normall
p!ena, as shown in figure 2. have evaporator coil temperatures at 6 to 100 C (42 S toThe height of a pint master is 3pproximately 10 2 cm 50 0" F) which is too warm to effect much useful produce(4 in.). A pallet load of 96 masters. 6 to the layer, forms a cooling Fortunately, there are some residential air
stack approximately 162 5 cm (64 in ) high The top of the conditioning units available with evaporator coil operatingcooling container, shown in figure 3, is designed to move temperatures cold enough to providi excellent producevertically to accormnodate various stack heights, allowing refrigeration One such unit and the one selected for this 
a tighter fit over the stack as shown and thus eliminating investigation was a Comfort-Aire model MC37-IHair short-circuits over the top of the stack of masters. manufactured by Heat Controller, Inc., of Jackson,

The sides of the cooling container are fastened by a pair Michigan This model has a design cooling capacity
of loose-pin strap hinges on each corner Eyebolts are 
substinted for the hinge pins to facilitate assembly. An 	

(manufacturer's rating) of 10 366 kW. (2 95 t) at a 350 C 
(95* F) condenser coil ambient air temperature.adhesive-backed foam strip approximately 2 cm (3/4 in.) Cooling coils are quite often operated at temperatureswide x I cm (3/8 in.) thick is used as a gasket to seal all below the dew point of the air passing through them. Whenjoints between the sides, top, and bottom. The outside this occurs, condensation collects on the coils and the air isplywood surface is painted with two coats of outside gloss dehydrated. The amount of water removed from the air is

enamel for protection. The cost of the materials to directly related to the size of t.e coils and the humidity ofconstruct each container is approximately SI I (1992) and the air, and indirectly related to the temperature of therequires approximately two man-hours to construct. coils. That is, the larger and cooler the coils and the higher 
the humidity of the air, the more water will be removedREFRIGERATION UNIT Fresh produce exposed to very dry air can suffer decline inIn many cases, even relatively low-capacity commercial weight and quality even if the air is properly cooledrefngeration units are sold, not as a complete unit, but in Therefore, supplemental humidification is oftencomponent fashion. The selection of compressors, recommended for commercial forced-air cooling facilities

condenser coils, evaporator coils, and piping is customized The minimum temperature to which a retrigeration
for each application: therefore, the refrigeration engineer oF 	 system may cool is the operating evaporator coilcontractor can select those components best suited for a temperature. Data supplied by the manufacturer of the unit
particular application. The custom selection requires selected indicated a minimum temperature of near -10" Ctechnical competence and contributes a significant amount (140 F). Subsequent tests conducted without acooling loadto the overall cost of a system. The addition of forced-air and with the insulated ducts configured into a closed loopcapability to such a facility likewise requires custom revealed a minimum evaporator coil temperature ot -13* Cengineering in the selection and application of fans and (8 60 F) and a minimum air temperature ot -9 ° C (15 3° F)controls. The power requirement is approximately 27 amps at
On the other hand. residential air-conditioning 230 VAC, single phase Integral to the unit is an aircomponents are generally factory matched 
 As far as handling fan with air flow data shown in table I below
possible, major components are pre-assembled requiring 
 The complete cooling system weighs approximately

much le:,s labor at the jobsite Residential window units 90 kg (200 Ibs) and was supplied trom the manufacturerand air-condicioning systems for mobile homes are even with two lengths of 305 cm (12 in ) diameter insulated
 more unitized and standardized, thus requinng little or no flexcible duct 
 This flexible duct was used to connect the
jobsite assembly air-conditioning system to the cooling container Initially,Grower attempts to utilize residential air-conditoning the onlv modification made to the air-conditioning systemsysaz: for produce refrigeration usually fail Most 	 was to mount a bulb-type thermostat into the air intake ot 

the unit as an automatic controller. Early field tests 
revealed that further modifications were necessary These 
modifications are described in a subsequent section of this 
article The cost of the unit plus the thermostatic controls 
was approximately S1,500 in 1989. 

i ' .' i PROCEDURES
 
' -- Four of the five different on-farm cooling tests reported 

T- - .herein were pertormed at various locations in North 

Table 1.Air flow data for Comfort-Aire model 
Zt NC37-I H (Manuf2cturer'sData) 

Air Fla-Static Pressure 

32(1140) 0100 (040)
3 0 (1095) 0i25 (050)
 
292 (1030) 0150 (060)
Figure 3-Fitiang the top in place i55 (900) 0 175 (0 70) 
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Carolina dunng the sprng and summer of 1989 Thre firfth --- =-.test was performed in (he spring of 1992 after several 
modifications had been made to the unit to correct 
performance hmitations disco%ered dunng the first four 
tests. Fruit selected for testing included strawberries. 
bluebemes, vinifera grapes. and cherry tomatoes All fruit
cooled kn the tests were in standard pint master- as 
described above except the strawbemes which were in 
quart masters All fruit tested were harve:ted on the day of
the test. Although varying amounts of free wa.er were 
present on the fruit from dew and rain, none of the fruit 
were intentionally wetted. precooled. or given other specialpreparations. Average pulp temperatures at the beginning
of the tests were generaJ'- near or slightly below ambient 
dry bulb temperature 

COOLNG TEsrs 
One type T thermocouple was positioned in the inlet andanother in the outlet duct of the air-conditioning unitL Four 

additional type T thermocouples were positioned at pre
selected locations inside the coolink container.Thermocouples TI and T2 were positiond'to nrmabre the 
temperature of the air entering and exiting the cooling
container, respectively. Thermocouples 7'1, T4. T5. and T6 
were all located inside individual fruit which were located 
at the interior of the containers. Thermocouples T3 and T4 
were positioned directly adjacent to the cooling container 
inlet and outlet, respectively. Thermocouple T5 was
positioned on the same honzontal plane as T3 and T4 but
in a container to one side approximately 5 cm (2 in ) from 
the interior wall. Thermocouple T6 was positioned in the 
center of the first layer of masters from the bottom. 

In addition, several custom-made. long-steni pulpthermometers were inserted near various thermocouples as

checks. The digital temperature display modules for these 

thermometers 
were obtained from PSG Industries or

Perkasie. Pennsylvania The temperature is measured by 
a
resistance temperature detector (RTD) attacned to the 

module by a variable-length wire lead The RID and the 

wire lead were enclosed within a 0.51 m (20 in ) length 'of
0-32 cm (1/8 in.) diameter aluminum tubing filled with
 
magnesium oxide paste to aid conducnviry


Measurements taken of pulp tempeiature just after 
filling the cooling container but prior t initiation of
cooling often revealed differences between individual 
sensors of as much as 5* C (9* F) This difference resulted 
from the individual fruit's relative opportunity to dissipate
field and respiration heat after harvest. If dispanties of 
more than 3 or 40 C (37 4 or 39 2* F) were observed, the
:losed container was allowed to remain undisturbed for as 
ong as 20 mm in order to promote more temperature
iniformty The temperature at each thermocouple wa
ecorded at the initiation of each test and in at least 10-mi. 
ntervals as long as the system was operating Additionally,

water-filled U-tube manometer was connected between 
he inlet and outlet ducts to measure pressure drop of the 
ir flow through tLi" cooling container. The measurement 
fair resistance through the load was necessary to confirm 
ic fan was operating within specificanons Figure 4 shows 
cooling test in progress 
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Fguvr 4-Coolng tes I, prorti. 

STORAGE A%,D NVAiu-.UP 
In addition to '- cooling tests described above, tests 

were conducted with grapes arid strawbemes to determine 
the ability of the cooling container to hold the precooled
fruit at acceptable temperatures for short periods without 
active cooling. At the end of the cooling test, the air
donditioning system was shut down. the insulated ducts 
were disconnected, and the openings to the container were
scaled as shown in figure 5 The temperaturc at each ot the 
tour thermocouples measunng fruit pulp temperature was 
periodically recorded over the next several hours. 

RESULTS AND DISCUSSION 
The ideal shipping temperature for strawbemes. grapes.

and blueberes is near 00 C (320 F). however, the actual
freezing of some fruit in the process of cooling is 
undesirable and must be avoided. During the cooling 
process, the coolest fruit in the container was adjacent to 

,, .. ":': 

w 

gF ! -Seed coolin co oLaer durin 
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the air inlet in the area ef thermocouple 7 As the tests e'aporator coil remained c!e3r of ice throughout the fifthprogressed, the temperature at T2 vas close.v monitored test after modifications %ere made to eliminateW(.re it not for the premature termination of tests 1. 2. problem 
the 

and 4 due to evaporator coil icing, testing would have Although the accumulation of ice on the evaporatorcontinued until 3 approached freezing coils could not be observed directly while the system wasDunng some of the first tests (in 1989 and 1990), there in operation, its effects could be detected inwas an attempt to obtain air-velocity data. Accurate two waysFirst, the accumulattoh of ice increased the air resistancemeasurements inside the container were found very through the cooling coils and thus reduced the air flowdifficult to obtain under field conditions and efforts
subsequently abandoned. 

were through the system This resulted in a gradual andWe aave, however, taken noticeable reduction in pressure drop through the coolingnumerous air-velocity measurements of forced.air cooling container. Second, the accumulation of ice acted asof similarly packaged strawbemes and bluebemes inside a insulation onreffigerated the coils thereby greatly reducing heatroom. In such situations, c.onsiderable variation exchange capacity. As a result, the air exiling the coolingin the air velocity was found from one place to another container during the last portion of the test with the grapesacross the face of the stack. Air velocities from below 15 m experienced a slight rise in temperature rather than(50 ft) to above 100 m (328 ft) per minute across the same continuing to decline. To one degree or another, thispallet at the same time have been measured. Yet, even with condition prompted the premature termination of coolingthese great difference in air velocity, the drop in Tests 1, 2, and 4.
temperature was reasonably uniform. 
 There was no attempt to take weight data from any ofThis suggests that above some velocity (possibly 20 to the tests. The accumulacicn of ice on the cooling coils30 m (65.6 to 98.4 ft) per minute, initially], the convective presumably came from water evaporated irom the Iruit andheat transfer from the packages is not the limiting factor. suggests that there was undoubtedly some weight loss byAppar.ntly, the factor limiang heat transfer at higher air the end ot the tests. The evaporation of liquid water fromvelocities is conduction inside the fruit and between the surtace of the fruit dunng cooling is beneficial in thatadjacent fruit in a package. The best measure of heat wet fruit is more susceptible to disease. The evaporation ofransfer by ai means, of course, is temperature change. wzter from inside the fruit is not desirable. It would haveWoreover, inside the cooling container, temperature is, been difficult, however, to determine how much of the lossnuch easier to measure than air velocity was due to the loss of surface water and how much was lostIndirect measurements of air volume flow rate, from the intenor of the fruitiowever, were obtained by the use of inclined manometer There was liquid water present on some of the fruit fromeadings across the container applied to the air-conditioner dew or light rain This was particularly true or the'an table. These measurements were obtained pnmanilv to strawberres in Tests 4 and 5 Of the several types ot smalletermine if the resistance through the cooling container fruit tested, strawberries are the most susceptible toeas such to allow sufficient air flow for erficient heat moisture loss. presumably because o their thin skins."ansfer Strawberries held for extended periods ,n refrigeratedBefore the commencement of the tests, it was assumed 
ia 

storage without supplemental humidification occasionallythe relatavely narrow plena [4 25 cm (1 67in )) would display skin darkening and shriveling indicative of
nstrict flow and lead to uneven distribution of air and dehydration At the conclusion or all the tests there was 
noidely varying cooling rates throughout the container indication of dehydration The strawbemes, in particular.owever. temperature data from thermocouple T6 located were examined for indications of darkening, no darkening-ar the bottom of the cooling container indicated that the was foundducuon was not significant The temperatures recorded at Test 3. conducted with cherry tomatoes, hadwere normally no a targetmore than 3 to 40 C (5 4 to 7 20 F) cooling temperature of 100 C (50 ° F) which was apparentlvumer than those recorded at T-_ located at the container too warm for significant ice accumulation. At the end ofCIL The use of small air-difffusion vanes positioned in the the 75-m test, the temperature of the air leaving the
et side of the container assisted in ameliorating the refrigeration system still above freezing at 20 C
was

blem by aiding the lateral distnbution of the air along (36* 
 F). This suggests that the coil temperature was tooinlet plenum. warm to allow significant ice accumulation. There were noThe relatively large capacity of the refigeration system visible signs of fruit dehydration, although undoubtedly,compared with the required cooling load resulted in some of the ice accumulated on the coil came from waterid initial cooling of fruiL The temperature differential evaporated from within the fruit. It was assumed that most
cen the inlet and outlet at the beginning of the tests 
 of the ice came from free water evaporated from then exceeded 7 ° C (12.6'€ever, the differential betweenF). Asthethe tests proceeded. surface of the truit.nlet and outlet air Test 5. with st'awbemes. was conducted two years after
 
peraures decreased. These condicions 
also contrbuted the first four tests and after modifications had been made toe the accumulation of condensation and eventually ice zhe refrigeration unit to eliminate evaporator coil icingthe evaporator coils Once disconnected from the These modifications were essentially the addinon of a pairairer, the coil icing could be observed directly The of variable timer relays (W W Grainger part number
ee to which ice accumulated appeared to be related 
 6X601C) to control the refrigeration compressor motor Aarly to the amount or free water on the truit and the schematic drawing of this circuit modification is shown innon of the test. Coil icing was indirectly observed to figure 6
 
r to varying degrees during all the first four tests 
 The 
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cooling test was approximatelv 0013 kPa (05 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 

, T S(693 

Figure 6-Schematic drawing of modified electrical 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 settings allowed the compressor to operate at 
a 75% duty cycle, on six minutes and otf two minutes. Any 
evaporator coil icing that occurred during the time the 
compressor was operating was melted by the relative warm 
air from the cooling container dunng the compressor off 
time. No indications of evaporator coil icing. was observed 
dunng the fifd 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 - BLUEBERRIESS 
Test I was conducted with 395 kg (870 Ibs) of fresh 

highbush bluebemes packaged in 72 twclve-pint masters 
arranged in 12 layers of 6 masters each. Each pint 
container was covered with a cellophane wrapper held in 
place width a rubberband. This cover undoubtedly reduced 
the cooling rate,_however, no tests were done with 
uncovered containers for comparison The average ambient 
zemperature during the test was 26 70 C (800 F). 

The pressure drop at the beginning of the test was 
ipproximately 0.012 k.Pa (0.47 in. ,,ater) but had fallen to 
).009 kPa (0 38 in. water) by the time the test was 
erminated at 65 mi. The test was terminated due to a very 
low rate of cooling which rapidly developed
ipproximately one-half hours into the test. E'amination of 
he evaporator coil at the end ot. the test revealed earge 
ccumulations of ice resmctng air movement. 

EST 2 - GRAPES 
Test 2 was conducted with approximately 350 kg 

770 lbs) of rain wetted vinifera grapes packaged for the 
-st in 66 twelve.pint masters without the pint containers 
'he masters were arranged in II layers of 6 masters each 
'here was no covering over individual masters The 
ressure drop across the container at the beginning of the 

accumulation. 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 5.0° C to I1.1 C (41 F to 520 F) 
or an average of approximately i.30 C(2.30 F)/h. 

TEST 3 - TOMATOES
Test 3 was conducted with approximately 315 kg 

Ibs) of cherry tomatoes packaged in 60 twelve-pint 
maters without the use of pint containers. The masters 
were arranged in 10 layers of 6 each. No pressure drop 
measurements were made dunng the test. The test was 
successfully completed after 75 mia of cooling when the 
target temperature of !0*C (50* F) was reached. 
Examination of the evaporator coil at the end of the test 
revealed only slight ice accumulation. The average ambient 
temperature during the test was 22.80 C (73* F). 

TEST 4 - STRAWBERRIES 
Test 4 was conducted with approximately 205 kg 

(450 Ibs) of strawberries packaged in 36 eight-quart 
'masters in 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 TI. 
the air inlet, approached freezing Examination of the 
evaporator coil at the end of the test revealed an 
accumulation of ice The average ambient- temperature 
during the test was 31 1* C (880 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 C 
the fruit increased from 6.60 C to 12.80 C(440 F to 55° F) 

TEST S- STRA'WBERJUES 
Test 5 was conducted with approximately 174 5 kg 

(384 Ibs) of strawberries packaged in 24 eight-quart 
masters in open-top quart containers. The masters were 
arranged in six layers of four masters each. The pressure 
drop at the beginning of the test was approximately
0 010 k.Pa (038 in.water) which remained constant for the 
duration of the test. The cooling test contnrued for 109 mm. 
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 during the test was 20* C (68* F) 

At the end of the cooling test. the air-condinoning unit 
was disconnected from the cooling container. The cooling 
container w',, then sealed and placed on a small flatbed 
trailer for tr ,sport to market approximately 101 km 
(65 miles) awa, The total time from the end of cooling
until the cont.,iner was opened at the market was 
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Test Number 5 - Strawberres 	 Table3 Of storage andSumm orv 3rm.up teL 
. t InitialCoatng our :n4 Fruit Tiecarncure 	 Finai Cu3;ion A aienc%o Fruit 

0lapi:3 
Temp C'C) Terrp (*Ci %linuies Temnp 

50 I 1 :35 23. "C' 5 	 0s tIr2ii ttries 66 1233 Strawberres 22 73S 240 3i6191 265 "¢C 

I 	 whereI (min)I-A 
[ 	 T- pulp temperature at tme. t (C)I T. - ending pulp temperature (IC)-s 

To - pulp temperature at t 0 (-C)-a so 100 io zoo :.so .oEdT-4m(mmuta) T - time constant (m.n)
 
"AmracFrvKTemlp'pe It may be shown that when t -,
_EnnSgffTe.m~mr 	 the system has cooled 

yZL Z 63.2% t of the difference between the beginning and 
l gure 7-Temperature of cooling air and average 

ending values. The value of the time constant is a measurepulp temperatureduring cooling and warm.up. 	 of the rate of heat transfer. A small time constant indicatesa system with more rapid heat transfer. Any factor 
approximately 3 h. 10 min. The pulp temperature of the 

affecting the rate of heat transfer can influence the value ofstrawbemes continued to be monitored dunng this time 
the time constant. Therefore, the heat transfer rates of 

When the container was opened, the 	
various cooling configurations may be contrasted byaverage pulptemperature was approximately 7 8o C (46" F). The 
companng the values of their respective time constants 

average ambient temperature dunng transport and holding 
The initial cooling constitutes a step input of variouscombinations oat market prior to opening was approximately 25.6 ° 	 thermal propertie3 and temperature dataC(78 ° F). Fruit quality 	

from each of the above tests which were used to computewas judged to be excellent. The the time constants.average pulp temperature over the test is shown in figure 7 
r. As noted above, moderate-to-severe 

evaporator coil icing was experienced in the first four tests
TEsTs Sum.'%tARY before modificationsIn several cases were made to eliminate the problemThe results of the cooling tests 	 towards the end of cooling. the averageare reported in table 2 temperatureand the results or the storage and warm-up tests ate 	

of the produce actually showed a shhtincrease This wasreported in table 3. It should be pointed 	 likely due to a combination of heatout that each ot conducted throughthese tests is different, having different amounts ot 	
the containcr and heat ot respirationAlthough the testproduce, different anibient temperatures, and different 	

was allowed to continue for some itneafterwards. wetypes of containers consider the data recorded.invalid and did
not use it in our calculation of time constants
The lumped parameter analysis of heat traasfer 	 Theis a computed values for the time constant t are shown inuseful method for cornp' nng heat transfer rates of varioussystems where 	 tablelittle inte-nal temperature vanaton exists 
4 

This type o analysis is most often applied 	
The time constants show considerable vanaton fromto solid; with test to test ashigh thermal diffusiviry Howev-r. it may also be applied 	

would be expected Those with the smallestvalues indicate theto specific examples or forced convection through porous 	
most rapid cooling Notice that Test 3and 5 have themedia where small internal temperature vanitons may be 	

largest time constants and. hence the leastrapid heat transfer. In the case of Test 3. this may beshown to exist. From the frst order differential equation of - patially explained by the fact that the tomatoes were largerheat transfer, the temperature of the lumped parameter as aruncton of time is given as 	
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 lareest time 

Z - Ln IT I - constant value. The amount of fruit cooled in Test 5 wasZT -TL . t (1) considerably less than in the other tests which should haveTo- T ,)Jreduced the load on the refrigeration system and decreased
Then -- _dt he 	 the value of the time constant. This effect was apparentlyoffset, however. when the compressor was cycled on andof f to prevent the accumulation or evaporator coil ice. 

Table 2.. Summary o cooling tesu

Test 
 Net No. lnnzaiNo. Fruit 	 Final Duration AmbientWeight Masters Temp ("C) TempC) Minutes Temp.
I bluebcmes 395 kg 72 266 133 65 :6 6 'C2 .rap2s 350kg 
3 	

66 211 50 ii0 :2 I Ctomaoes 315kg 60 :0.5 11 I 75 22 3C4 strawocrnes "05 kg 36 272 66 70 31 IC5 strawberies 1745 24 is3 22 109 "00"C 
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Table I. Computed timeconstanu 
for 'ariou$ Coohing lu 

Test Time Constant 
No Fiv, T(min) 
I I bluebemes 28 " 
2 
3 

grapes 
tomatoes 

2642 
34 27 

4 strawberres 2582 
5 strawbermes 3667 

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

CONCLUSIONS AND RECOMMENDATIONS 
Based upon the data obtained from the tests described 

above, it appears that acceptable cooling rates may be 
obtained with the ue a m6dified residential air condiuoner 
coupled to an inexpensive pallet-load size container. The
air flow resistance through the fully loaded cooling
container tested low enough to be compatible with the fan
supplied with the unit. Generally, the maximum allowable 
penod for the timely removal of field heat is 2 h. Although
several tests were foreshortened due to ice accumulatins 
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 limit Undoubtedly, the 
cellophane covenng on the blueberry packages hampered
heat transfer. however, no comparative tests vere madewithout the covenng 

Initial problems with the accumulation of ice on the 
evaporator coil were climinatcd by the simple modification
Df decoupling the operation of the fan from the 
refigeration unit By the use of a set of variable timer
Tlays that cycle the reffigeration on and off while allowing
he fan to operate continually, the heat transfer-red from " 

the'ruir was utilized to remove any ice zccumulations This 
esulted in an increase in cooling time as reflected in an 

ncreae in the cooling time constant for Test 5.The insulated cooling container appears to be adequate 
n all respects including durability Alter having been used.
isassembled, and transported throughout North Carolina 
or more than a dozen demonstrations and tests, the 

container shows little wear. Warm-up tests with partial and
full-pallet loads indicate an average temperature increase 
of between I and 30 C (1.8 and 3.2* F) per hour under
varying ambient conditions. This is more than adequate to 
allow several hours for subsequent transport to market.

Although the cost of energy is an important
consideration of any postharvest cooling operation, it was 
not 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 

almost entirely eliminated The service load is that
refrigeration used to displace the heat from lights. air 
exchange, people and is normally 10 to 151% of -the total 
load. 

The major expense of the test system is the refigeration
system. The insulated cooling containers are relatively
inexpensive and a grower may find it desirable to haveseveial available for use. It is possible that several
containers may be connected to the same refigeration 
system for initial and subsequent maintenance cooling.
Suggektions have also been made for semi-permanenttruck- or tailer-mounted cooling containers that could be
conveniently connected to a stationary refrigeration 
system. In any case, by utilizing the insulated cooling 
container as a shipping container, the need for arefigerated tnucL iseliminated. 

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 positoned for the forced
air fans. Once this is done. the actual cooling is 
accomplished with little or no direct supervision. Once the
fruit is palletized. it remains palletized until it is delivered 
to the buyers with either method. Once in the hands of the
buyer, the container could be reconnected to a source of
cool air for maintenance cooling or removed from the 
Zontainers and placed into a conventional refigerated 
room. 
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SENTRIFUGAL HUMIDIFIERS 

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 awall, and while this shouldnot be done unless it isnecessary, the machines
will operate very satisfactorily Other types ofmounting such as mounting on floor stands may
be used in special applications. 

When humidifiers can be mounted on columns
the amount of overhead piping is reduced to a
minimum 

When the humidifiers are suspended from the:eiling, they are normally located so that theixis of the motor shaft isparallel with and at 
east 5 feet from the wall. 

When the humidifiers are mounted on awall,he axis of the motor shaft should form an angle
eith the wall of 45 degrees or less When Type J;
idividual controls are used the left or control
ide of the humidifier should be away from the 
rall 
The hangers should be positioned so that therip pans will be at least 3 feet 6 inches below

ie ceiling beams for the Type H (4feet for thefpe L)or any other overhead obstruction such 
; heating coils, sprinkler pipes, shafting, etc.-is will prevent deposit of spray on these
)structions when they are directly in front of theimidifier. 
Where the ceiling height isover 13 feet, the 
st results with the Type Hwill be obtainedien the humidifiers are located so that the drip
n is 8% or 9 feet above the floor With the 
pe L.where the ceil,ng height isover 15 feet, 
, best results will be obtained when themnidifiers are located so that the drip pan is r 10 feet above the floor 

Type HJ Humidifier Wlin Ceiling Hanger Mounting 

SETTING UP HUMIDIFIERS 
After the crate has been opened, the hanger

should be installed at the humidifier location, and 
the humidifier then assembled and mounted on 
the hanger

1- When column or wall hangers are used,
fasten the hanger to the support with 4" x3"lag screws it the support is of wood, or with
3" x -/4" machine screws if the support isofmetal Inthe case of concrete columns, aspecialstrap isprovided for clamping the hanger to the 
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AHNSON8 DnB 
ENTRIFUGAL 
UMIDIFIERS 

INSTRUCTIONS FOR OPERATING TYPES H, HJ, L AND LJ
 

The Types H and L Humidifiers are furnished 
cnrnplete with an orifice housing for water 
connection when used with Master B Controls. 
rho Type HJ and U units are identical to the H3nd I. except that they have a Type J Individual
,utomatic Humidity Control Assembly instead of
he orifice housing. 

CONTENTS OF CRATEEach Bahnson Humidifier isshipped complete, 


,ith all parts secured in a single crate. These 
arts are: 
1- The assembled humidifier 
2- The drip pan and drip cup. which are held 

'hiscap screw and the large steel washer on 


e outside of the crate are to be saved and used, 
described below.)

3- The fan. 
4 - The drip pan strainers. 
5 - The hanger. 
6- The starter 
7-Extra orifices 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
trifugal Humidtfiers. 


I- The column hanger, which is formed to fit
particular size of column on which the 

'nidifier is to be mounted. 
- The ceiling hanger, which is used when 
humidifier is to be suspended from the 
ling. 

-I 
The wall hanger, which is used when the
nidifier is to be attached to a wall or flat 
hcal surface 

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

UNPACKING 
Bahnson Humidifiers are shipped in wirebound 

slatted crates. To open a crate, proceed as 
follows: 

1- Place the crate so the solid panel, towhich the fan guard, starter, hanger, and other 
parts are attached, ison the bottom.
 

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

3- Remove the humidifier and all other partsfrom the crate, being certain that no parts are
accidentally discarded since they will be used in 

assembly of the humidifier.
 

LOCATION OF HUMIDIFIERS 
Wherbver possible, always locate a Bahnson
 

Hu~midifier or group of humidifiers so as to
 
establish a free and continuous circulation of air
 
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 sideof the room. If two humidifiers are required, theother may be similarly located in the cornerdiagonally opposite the first humidifier and 
facing in the opposite direction. 

In a large room requiring several humidifiers,locate them so that they will assist each other in
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 least 50 feet
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Centrifugal 
Humidifiers Z5.914 

Z?.Z79


17.3 Z7.,281
 

'=L-1~
 

P.1rs LIST FOR 7500 'SERtES 44,1.S" 

3/60/230/460/575 

188 Mot.or Sh~im Washer 5307 Set Screwd 

E164 Sling Off Washer 25,429 Flat Washer 

E436 Disc 27,279 iHotor Assy. 3/230/460 

L-L Grid ,iLnq; 27,281 Motor Assy. 3/575 

L-4A Fan Guard 27,283 Ine-: Feed .PieA~SSy. 

L-5 Fen 37,384 Stand 
j0A Double UO.ion Washe.- 25,914 Case
37,403 F.-ont ead 

S0L Double Gnion Loc.knut 37,405 Back 2ead 
4441 Ure_, 37,429iu Oute.- Feed Pi~pe
 

5001 Cap Screw 736MtrMonvqcla(3) sc.-es
includes 5307 


00'37,407 S.ng.e On.on 
5157 Cap Sc5ec 

BJEST AVAILABLE DOCUMENT
 



AL 801 XMJe. WU 

'entr.ugal
lumiditiersj 

Z.fU 37,3 

17.170- 18:iUI7 

103 

37,407 

3"00 

3174n37.3 

PC ,.FS_" Mx. 250a. SER "HU "FL. . 

1/50/1,15
 

SCA Douie Union aste. 2S,915 'Case 

SOL DoubLe Union Lkoc..t 27,249 Slim; Off Washe-

88 Motor Shim Washe- 27,270 motor Assy. 1/60/115 

E34 Faa 27,280 ,innerFeed Pipe ass. 

336 Disc 37,403 F:cnt Eead37,404 Back' Eead 
*102-B Fan Guard 37,407 S.ngle Union 

4441 Ee.* Sc:ev 37,429 Outex Feed Pipe 

S001" Cap Scew 37,384 Stand 

5008 Cap Screw 37,385 Motor Mountin7 CoL.Lkb 

5157 Cap Scew 7IflcLfl-As (3) 5307 Sc:evs 

5307 Set Screv 140,066 OSEA Fan Guards 
(Front and Reaa) 

25,429 FLat Washer 

"" ,"AILABLEDOCUMENT 



EQUIPMENT MO1DEtL NUMBEFS 

3/4 H.P., 3 PHASE 7500 SERIES 

7500 HNV 7500 HV 

$1178 $1270 

7500 CNV 1500 CV 

.$1497 $1589 

7500 FNV 7500 FY 

$1630 $1122 

LIST PRICE =EL=ERJ 
ALL PRICES ARE F.O.B. BOISE ID. U.S.A. P.O.BOX112"Nf ID.1311S 

CRAIG HORN March 1994 Centrifugal 

C HONEN u midifiers 4PHONE: (208) 343-1921(208 34H 



EQUIPMEN-T 

1/4 H.P., SINGLE PHASE 

MODEL NUMBEFRS 

2500 SERIES 

2500 HNV 

$1062 

2500 HV 

$1138 

2500 CNV I2500 CV 

$1381 $1458 

S2500 FNV250F 

$1499$17 

2500 PNV 2500 PV 

$1581 $1658 

LIST PRICE 1"'GLEJ 
ALLPRICES AREF.O.B. BOISEID. U.S.A. P.O.tax 162" BOISE10.11311 

CRAIG HORN March 1994 Centrifugal 
PHONE: (208) 343-7921Hmdfer 



July 1993
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HYDROCOOLERS
 

CONVEYOR BATCH IMMERSION 

CONVEYORS 

alft.- 6sft. ENCLOSURESconveyor or batch 

stainless steel 
polyethylene stainless steel 

belt Inner 6 outer walls 
ift. to Oft width camlock construction 
skid mounted skid mounttid 

variable speeds si 5 urethane 
panels' 

* 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. 

1 800 220 0332 BSTAVA', , 



HHF50 

PMicroprocessor-Based Thermal 
WAnemometer with Digital Display 

Complete Kit with
 
Velocity Probe
 

$525 Complete kitlIcludeu 
combination Instrument, 

bo, RS-232C Port Allows FieldReplaemen probe, 9 v battery, case,of robe25-Pin female RS-232CReplacement of Probe 

A, Fast Response Probe 
so Resolution and Response

Time Adjustable Through
RS-232C Port 

The OMEGA Model HHF50 thermal 
anemometer combines air velocity
and temperature measurement in 
one highly versatile instrument 
This precision instrument is ideal 
for air conditioning, cooling,
heating, and ventilation 
applications. Itfeatures a fast 
response thermal probe, with one 
thermistor maintained at 1200C,
and a second thermistor used to 
measure and compensate for 
changes inair temperature. 
The HHF50 can also be supplied
with a spare field-replaceable probe
(HHF5P), which comes with ds 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- English or metric display,
adjustable resolution for velocity

and temperature, and adjustable 

response tme. 


'fax 


1-500-548-4211 

Oocument 14017 

OMEGA ENGINEERINGINC. 
T9 O 

0 
.EGA O.T6 


International Customers Dial 
(203) 359-1660 
24-Hour FAX (203) 359-7700 

OPYF4%HII LOCEA IC " PC 
ALL HlIHTS WNED 

conn.-lor cable, and 

extension rod
 

SPECIFICATIONS 
TEMPERATURE 

Instrument and Probe. 00 to 400C 
(320 to 104°F) Note. The HHF5O can be 
used to measure temperature ONLY up
to 700CF (1580) and down to -106C 
(14F) 
Accuracy: ±100 or 20F 
Resolution: 0 10C or 0 1OF, adjustable
from 0 01 OF or 0C through RS-232C 
connector 
Temperature Response Time: 0 5 sac 
using average of last eight data points
(one data point every 60 milliseconds,
adjustable froin 05sec up to 4 0 secthrough RS-232C connectoi, 

[ o ! ~ahn 


';z'rUE.A o 

To rdiif"ANuc 
Model No. [Prc6- -

AR FLOW
 

Range: 10 to 6000 fpm, 0.1 to 30.0 mps
Accuracy: ±3% of rdg ±1% FS 
Resolution: 0.1 n/sec or 10 ft/mm,
adjustable though the RS-232C 
connector for 0.1 or 0.01 m/sec, not 
adjustabW for fpm 
GENERAL SPECIFICATIONS 
Display: %"LCD, 4% digits
Battery: 9V alkaline (included)
Battery Check: LOBAT display 0 6 V 
Battery lfa: 25 hr intermittent 
Dimensions: Instrument 130 Hx 71 W 
x 36 Dmm (5.13 x2.8' x1.4); HHF5P 
probe 399 mm (15.7) long, 13 mm 
(W) bp diameter
 
Shipping Weight 2.5 kg (5 Ibs)
 
, _.I.V
 

HHF51:G1 $525 Complete kit including combinabion instrument, velocity/ 
temperature probe, 9Vbattery, case, 250pn female RS-232C 

___ connector cable, extension rod Displays in fpm and OF 

HHF52:G1 525 Same as HHF51, but displays in rr/sec and 0C 
HHF5P:G1 200 ei-replaceable velocy/emperature probe
 

MN1604:G1 Replacement alkaline battery
 
Comes w7Uh cwpete operator'smanual 
Ordering Example. HHF52 Utenalanemometer wrth rn/sec and°C display, Nxcudes instmmentprobe, battery, case, 25.prn female RS.232C connectorcable, and exlensi rod $525. 
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Jaybird Mfg. Inc.
 
Humidifan
 

Humidifan approximate
 
Size Cost room capacity 

HP $629 50' x 50' (2500 ft2) 

HP $659 65' x 65' (4200 ft2 ) 

1 HP $695 80' x 80' (6400 ft2) 

Cost includes oscillator. Subtract $200 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. 



NOZZLE-FREE FOGGERS To HUMIDIFY 

Humidifan israpidlysetting new standards for efficient, low cost fog production.Using no nozzles or high pressure pumps, the compact, self-contained units areincredibly productive. 
HUMIDIFAN® TURBO XE Series. 

"The Horizontal Airflow Fan

That Produces Fog.a


A remarkable idea the same blade thatcreates airflow,atomizes water into fog.

Simple. Efficient. Effective.
 

'IIC 
0 HIGH CAPACITY. 0-50 GPH OUTPUT. 

ItO" POWERFUL, FORCED CIRCULATION.: MICRON-SIZE ATOMIZATION. 
* UNIFORM FOG DISPERSION. 

MO0EMmmonfa' 
A proven, dependable fogger, Humidifan has grown to 32 models inthree HP sizes to meet the needs of every plant enthusiast, from largescale commercial growers to smaller specialty growers. 

(814) 364-1810Premier Liuid Atomization Sstems FAX 364-1759Jaybird Mfg., Inc. RD 1Box 489A *Centre Hall, PA 16828 
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wer DoutTo Intl -Ode FATOYIRCTO 

,NDARD112" WIDE DONUTS DMost Orders SHIPPED IN48
 

LVY-DUTY 3" THICK D'BL NUTS" HOURS Or LESS 

wer Seams For Stems, Twigs, Through Your LOCAL 
DISTRIBUTOR 

locks To Penetrate - FREE DELIVERY ON ORDERS OF 
,)ws User To Stagger Seams On $500 00 Or More InCONTIGUOUS 
isher U.S A 

ke atexDonus PENDING
NOTR 1 WT e xnuts DONrT FORGET KaDen Also Sells 

• NO DRY ROT ~ -PATENT 

York On ALL FRUIT AND High Quality Latex Donuts Too' 
ETABLES That Need To Be 
l~ed And Dried KtAr;1.;11.M
f NUTREPAIR KITS AVAILABLE O L AAS. 

ESS DOWN TME ON PACKING 
 5401 S Graham Rd
 
INCLUDESFFFYJEL .
 St Charles, Michgan 48655
 

OR ID., ROUND
k.D. OR SQUARE LOCALORDERDISTRIBUTORFROM YOUROR CALL 

REAIRVP NU T AVAILABLET INI1/8" INCREMENTS D UEN I(lll '', I'"
Y "NORISK"FGUARANTEE STRAIGHTER EDGES FOR 
 OUTSIDE USA 01 (517)865-8221
 
LY!) DR TOC 
 BETTER PERFORMANCE ON--THE PACKING LINE
 

ROUND ORXFXDR1 (800)SQUARE262-156 ORDE FO 

TETTER POA 



* - -. L.*.j _'.fu or " Visa 

1994 PACKER PRICE LIST / ORDER FORM COMPARE AND 
SAVE MORE MONEY'B3LUE 1EE DONUTS 

F-gh-Density Super Absorbent Sponge

Donuts for Drying Produce
 

Ilue Devil's Special Hydrophilic Polymer Foam Formulation Eliminates Water Quicker,nd Lasts Longer than any other Watdr Eliminating Donut on the-Marketinclu.ding Latex!No Crumblingl No Shreddingl No Dry-Roll No Mildewl Straight Edge Cuts! Chlorine Resistantl
 
NO RISK (REALLYI) GUARANTEE: Order Blue Devil Sponges and ifwilhin 30 days you are not ABSOLUTELY PLEASED wilh
!heirsupenor performance over latex, we will ship you Karlen Latex Donuts and credit you Infull for the Blue Devils upon their return. 

1-1/2" THICK MNOIE inftALLERS:IAZLSES AVAILABLE INCLUDI SQUARE HOLES II)UTSIDE DIAMETER (Any ID.) 20-99 100 - 499 500 &UP3 COMPARE3-1/4" / 3-1/2"13-3/4" .85 .78 .72 UP TO 48%AND SAVE4" .86 .79 .73 OVER 1BC! 
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',15" 1.19 1.09 1.01 
 1 
5-114" 1.24 1.14 1.06
 
5-1/2" 
 1.31 1.19 1.09 
5-3/4" 1.41 1.21 1.12 

5-7/11"16" 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 Credit Approval pthers Credit Card or C 0 DEIGHT: Prepaid inCONTIGUOUS UNITED STATES for orders of $500 00 or more Ordors less than $500 00. shipped outsido US are F0 B ourrit m Michigan Or you may order through your LOCAL DISTRIBUTOR 

BLUE DEVIL ORDER FORMQUANTITY OUTSIDE DIAMETER INSIDE DIAMETER, SHAFT SIZE PRICE EACH TO rAL 

;IDE DIAMETER (ID)ORDERED WILL BE IDSI lIPPED PLEASE SPECIFY ID,LER THAN ACTUAL SI IAFT DIAMETER TO ALLOW FOR TIGHT FIT ON SHAFT TOTAL ORDERIPLE: ORDER 5/8" IDFOR USE ON 1' DIAMETER SHAFT. WE CANNOT ACCEPT RETURNS DUE TO WRONG SIZE BEING ORDERED 
.ENT: Charge to my 0 VISA 0 MC #Ip COD Exp. Date: I_/_0 Check or Money Order Enclosed 0 Ship Open Account 0 Bill Through My Local Distributor Below. 

2TO: 
BILL TO: V 

ME#: PHONE#: ( 
HONE TOLL FREE: 1 (800) 262-8221 
OUTSIDE U.S.A. PHONE: 

FAX TOLL FREE: 1 (800) 262-815601 (517) 865- 8221 OUTSIDE U.S.A. FAX: 01 (517) 865-8156 
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PROTECTING YOUR INTERESTS 

OVER THE ROAD, AT SEA, AND 

IN STORAGE. 

Florida grapefruit in Japan Fresh Maine 
lobster in Los Angeles What was once 
thought imiposiblc i%now routine. think% to 
advancements in shipping, packing and 
storage techniques However, as many have 
Icarrcd, thlh-e new ancthods are not lIohl-
proof. Every year million of dollar i 
merchandise is damaged through human 
error or mechanical mishap in shipping or 
.Sorage. Hard-won reputation,, are tanilicd 
and revenu lo'! 

c i Ii td to 
thc frch and froen lod indu'trie Many 
companies handle temperature/humidity 

Tlxc con ucnc' arenl' 

--. Mortr
, TMntr'lr ag 

Temperature Rzrge 

-40" to I IO F (.40" to 4 1C) 

Spans")21. 42 or 84 days 

Elet rnnc sendb ber Canot 

affct d by iniplct 


* Dill g. d UlIa i.ri 

- CILoi Lturil 

" AutoniL p%l US-c aCCUraCY 


f r llh'itri3ro 


Pair with* yatntTripWri"cr i 

irii.uti. Ilaru n 

M601 7aiiiC44033 

RYAN.TRIPMENTOR_ 
EOR~TEMPERATURF 

- PLEASE RETURN 
IMMrEDIATL~ELFERU 

- -LD Ln 

iuia - ill
1 

'tlt 


%enitiveitems-pharinacelcal%, electron-

ics. ho: icultural products So. from milk to 
mlcrm-processw,. companies senous about 

Ilm.mtllg bnrud in.age .uid im.uket sli( c liv''e 
incorporated Ryan temperature/humidity 
monitors into their operations Regardless 
of product. te henlit. are Ihc iiiiC 
A QUALUTY CONTROL S=ATEGY. With 
Ryan monitors, no, only can you determine 
fdaniaging fluctuations occurred, hut wi€eI 
they occurid-Ioill proc'.,,,ig through 
da,Inhution-and lakc action For many 
co lpallic'%. Ryan nionitor,are aL,rtically 
impfrlant. yet inexpcinive element in 
quality control 

Analog Tenipciraiureonor 


Temperature Range 
-20"toI0 0"F( 29 to w1 "Cl 

Monitorrnn4 8 16 32or 75 dwIV%15nd 

bi metal cd 
tempcrature tn pressure 

%Ctll l l i L p xir 

Cen ficd record 

Au|iin Iit. pint1%4i.ikLurik 
virilt~itiInl41 
C h* rcsu.n 

t i uII rrrgkIVII 

TEMPE_____RAUJRERDER 

,' , "E AFTER.-SE 

I Z 

I RYANl4ll,l #llll lI 

t 

I Ili II 111/5,
2tlll 


Monitor 

~ 

A DSTBUCiON SRATIEGY. Data
 

Into (he quality ol your distributo %yo 

,infration.
, id yritan m,.

inhrillcd deCl',l1lol1 COIlLerIing toorage.
 
shipping and handling procedure%
 
A LEGAL PROTECT1'N STRATEGY. 
Wln d.ul.lgL 11.1%O.L.U1ncd. Ry.iii 110It1h 
provide you with the documentation and 
expert analysis which has proven effectI 
Ililic alter liiiec iIn claiIIIl rceoltilion 

IF YOU iNSIST ON QUALITY 
INSIST ON RYAN MONITOR 

Chance are, your competition doe'. And 
or go(Kx rna,,on Sice our lir,,tmon•tol
 

replaced tie men who rode banaiia Irain, h 
track tlempcrature Iluctuation . the Ryin 
naie ha'. hLoinie 'y.onymo ,willi ,h.,b 
,ntrunlenlt and excellent ,erviLe 

Analog Temperaturemoio 
Temperature Range 

in IlX)F (-2 9*tn 18C1 

'lunilnng Spur60 jv%s 

Ryan rellahilv in an 
flnc.iti vc tp insnttir 

I ttl hi* ( nIt i mIItoL l l I . dri 
IIIIIIk I 11ii iLt 55135ilI 

1 Ik i 
li . WJP Lur ILV 11.I MItli 

p i w rk rL rd 

RYAN. MX. 15 DAY 

stIuwAMu 

.. 

...........
 

II l I /# l l O SIuL utl ity 

l ] lItt, 
 lll f llll ~ l llllf 

IarI~r~ll1/141 I it h1t111 II I/ /O,,l h
 

- ."hilt!IM|llfol l II-I l it,
 



SELECT THE RIGHT MONITOR TO FIT YOUR NEEDS. 
Below isa gtuide toIhelp yo, cl to Ili iuiili itlt Ix"si steled itiyour nioml(lolitig I( 

TRIPMENTOR 
u.&igt 

11mit Acruir-v 

Ii ttp , tAt t ,n 

Sit liill; H'tI lilIIIiest 

Sa.ll i IttiC 

Ih me,~ll 


'tiglil 

UTI 
I,.Llogi 


file ilr11±Ac 

It filDi At I tmm 

St 1llsgliIk I I I 

i t l 


Tin r %%itihh 
Itlullit l 

Ilwt 

%vul.W( Ii 

I'tYAN

WYiNi MXI 

Rainge 

Tit ,\ccuralt 


St. .+.sill, IlI It lilt( 

(.harl. 


ChJIrt A'd%,;llce 


IK.l m. 1 \ h 

Iltmecr 
Weiht 


TripMenorT4 7.21.42,84 Multiple Digital & Analog Temperature 
UTI t 4. 8. 16. 32. 75 Single Analog Temper!ure 

MX TM 15. 60 Single Analog Temperature 

RTM200OTh Programmable Multiple Digital Temperature/R H 

Model KTM 10,45. 90 Single Analog Temperature 

RyanMentor ilTM Programmable Multiple Digital TemperatureRH 

TECHNICAL SPECIFICATIONS 

RTM2000
 
"400 to I 101F (-400 Io430(;) R.nigt lih timiltin -72 ° 

Io Ih
0
1F (-iH* Iu70(*) 

M)1% R 11) .328 IlI112F (-2tHI* IItIW(l(
± m (:.i°() RI I ,II (',. II'Ii 122*1" (.10" Ili10'( 1ro.sliolnw.
thot'i im~l I illneAt t uiti + fill , 

5 111111itt'i7 (Lit% I lii 
15 nilmittes 21 davs 

KItllg I It'\liti i.,li I I' I im r. I i).iid 
Iltidii oWitn4),i
 

90 min111es 42 dt.ivs Sample R.ile 5 wreili it)ns)lWIi dt.i,(al)I111111l %+ 8 1 flv D) ~ i( lilt 2 ti %.' 
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." .ith over 70 years' expenence, we're a BUILT FOR HARSH 
'cogrzed leader in the field. Considenng CONDITIONS 
xday's fierce compeuuon. why ust your You can't afford to have a monitor quit

roduct or yourrepuuuon with anything else' whcn condiiions get Ligly It ll. Il,


WIDE RANGE OF PAODELS when their capabiliiy isnceded most At 

AND SERVICESAND SEVICESguarantee
Ryan. we know what our instruments can be 

-ram simple analog (strp chart) monitors to subJected to. day-i and day-out So we
igital unit%' with PC foifpfliibiliy, Ry hash1u% build iheni to resi iioie than hroiling

'ic nght temperature/humidity monitor, heat and 1ree711g cold, rough handling is 

hatever your application What's more, we 
 also taken into account 

m providc you with thc versatility and 
 DOUBLE VERIFIED FOR 
qability you need to manage the data you ACCURACY 


Tilct. Get your charts and graphics Accuracy isvital in any kind of monitor 
unlediately, or have us prepare your report No monitor passes through our doors with-

ownload data in the field using your 
 out first being calibrated at t.voor more 
friable computei, terminal or datalogger temperature extremes Proof of this calibra
r transfer it to your IBM'PC or compatible tion isavailable and all Ryan monitors come 
ust mnutes We've got the software to with tamper-proof seals. So, whether your 
., the most of your data analysis. product goes over the road, under water or in 

DigiLJ Temperature/ Analog Tmperaum
Humidity Monitor Moitmor 


Temperature Range Temperature Range 
328*toIf
ii2F (-2fW in 60(rC) i*19 F f 21* 111WC)

HIlumiify Range€
5 to I0W% l miflea~lit t,
IU 45 or"Wdav, 
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storage, count on Ryan monitors with chart 
accuracy that has held up incourt 

SALES AND SERVICE
 
WORLDWIDE
 

With dis nbution points worldwide, we 
quick response, last shipment% 

and outstanding ervice Many cuslomers 
insisl o Ryan lilruinisz i, hrlii% reasilin 
alone Shouldn't you ? 

For ademonstration or more infor
m.tioi. call Ryan lisirunients a 
1-800-999-7926 (U S & Canada only) or 
206/883-7926 FAX us at 206/883-3766 
Or simply wnte us" Ryan Instruments. P0 
Box 599, Redmond, WA 98073-0599 

Iyanllrilmnns
 

Dgitl Temperaur andor 
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Optical refractometers for sugar
 
measure the %solids (Brix) infoods.
 

For %solids (sugar, Brix) measurements, just place 
a small drop or small piece on the prism. Using any 
convenient light source, look through the eyepiece 

- and read the scale at the border between light and 
dark regions. 

S... Works on these foods and more. coin syrup tomatoell wine 
- vert MWpr beer strawbern 

fruit juiceA Photo"sof m-,apmem fruit=l caw= 

Temperai com acuacy
*005 f 0.10 scate division model 
*0 25 Ilo allodhw 

Calibraton I" : 

Dif*o tftlgor -30,0-50 BMx models,
50% wt~wt sucrose tor 44-77 Mdx model 

V PhotoAMERICAN 

OptlcalRefractometer for Brix Measurements, automatically temperature compensated: 
0 - 30 Brix, 0.2 scale division. ("B" Photo) Model #AQA1078... $219
0 - 30 Brix, 0.1 scale division. ("A Photo) Model #AQAI 080... $830 
0 - 50 Brix, 0.25 scale division. ('B" Photo) Model #AQA1079... $265 
44 - 77 Brix, 0.25 scale division. CB" Photo) Model #AQA1077... $265 

Three Countdown imers For Safer Food Holding, Frying,
Rising/Baking, Incubating, Broiling, Service-Timing, ... 
Two easy to read "moving hand" electro
mechanical timers. 
With zero to 60 minutes time intervals Black numerals 1/2" ' 
high on 6-1/2" white dial Loud built-in buzzer signals-end of 
cooking or other cycle Plastic cover protects power switchfrom build up of grease, flour, etc. The 7.5" x 7.5" x 2.5" easy 
to clean case has wall-nounting keyholes, and recessed hand
 
gnp for portability.

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

Fr ore hIno: 
to 60 minutes countdown moving-hand timer Model OAQA1064... $ 80.8a.


1 to 60 seconds and minutes updown counting moving-hand timer, largerED

numerals show time reralnlng, Inner scale shows elupsed time. This model 
 answer
has a 600 watt power outlet to control small appliances and buzzer adjustable #731
 
volume control. Model OAQA1065... $93.ea.
 

Battery-powered digital countdown timer with beeper 
Low cost, versatile and compact, this timer counts down with large 0 3"H. digits to 
a beeper signal One button sets timer 0 to 99 minutes. A second button sets timer 
at 0 to 59 seconds Large start-stop button. Moderate-volume beeper issuitably
audible, but the above line-powered buzers are louder. Timer memory repeats
last erting unless reset Battery shelf life one year Neck lanyard for mobile users 
such as dieticians. area supevr !on 

I 



Measure salt, sodium, potassium,
and nitrates with these economical 
ion-specific digital meters. 
These ion-specific meters do not have cables or 
separate probes. You place the samples du'ecdy
 
on the flat sensor electrode beneath the lift
cover at the bottom of the display panel. The
 
recess serves as acontainer, and cleans easily, but
 
also snaps out for replacement. Liuids require
 
just a 0.15 ml drop sample. Solids and powders
 
are to be ground finely and diluted 10.1 with
 
pure water (extraction method).
 

Hafty sta A3*a 24$t dsvW am3 r it22"x0.35' ~owtoL~ho 

A hu 	 a .f WWMn 

41" ©9" (5, b35"C) -)= b osojlo ftarawoeM
 
For AMom kfo- same4 I~OT~
Ivo4 m~sr
saMrOWV.VW I "I(MOM 

ow"L WL owCSMI 

jF 150 R.. 

)OPTIONAL CARRYING CASE for any of the following four meters and accessories... 
Model AQA1113.....$30.ea. 
SALT METER (SODIUM iON) operates Independently of other Ions or pH of sample; range
0.1-10% NoCI(w/w). Resolution 0.01% to 0.99%. 0.1% to 9.9%, then I% up to 25%.

Model #AQA1092 .....$215. ea.
 
SODIUM ION METER, range 23 -2300 ppm (10-
 to 10' mo4I, but usablo beyond).

Repeatabiliy ± 20%. Includes plpet. Model AQA#1114.... $215. oa.
 
POTASSIUM ION METER, range 39 - 3900 ppm (I0 
 to 10- mol/l, usable beyond).
Repeaability:t20%. Includes pipet. Model #AQAJ 115... $215 ea.
 
NITRATE ION METER. range 62 to 6200 ppm ( 10 to I0"mWA but usable beyond).

Repeatabty ± 20%. Includes pipet. 
 Model A AI 116.... $225ea. 

Measure Conductivity or pH with no 
cable! In-the-pocket size measurement 
instruments. 
Waterproof'flat sensor" can be immersed in sample, but is
easily replaced if necessary. wHold" button to retain read

tig for recording Two lithium batter-
FAXED ies OCR-2032; low-bact signal. Auto 

answer shut-off Compact sue-6"L x 1"W x#~734 	 0.6". Accessores two standardizing S0
 
solutions, deionzed water, carrymg

pouch, instruction
 

CONDUCTIVITYISODIUM CHLORIDE SALINITY CONVERSION METER, covers 0 - 19.9 mS/cm in3 rangesRepetablity 2 1%ful scale Auto Temp Compensation from 5"to 35"C. One touch auto calibration
(Ipoint) Accessowes lnud p'pet..Model #AQA1117.....$245 co. 



Economical thermocouple

thermometer -Made in USA.
 

This affordable thermometer ismanufacrured in highvolume with engineered economies. It uses integrated circuit 
, surfae mount technology, component nest housing,
sert-molding parts capture. 

FornmyO ealnrr ma 1u*t1 0i
rn3 r LAscucy ,A'0.W5% 68of moc*V. t2 F*:to 861 ambierlt 

C4mu Crd1Yqo) modal mscu~sm -120 to+V
fI 10rcg.w fS. 025%dirsocAcwocyvbt 

Prcle,P= K(-h AMERACse 

ci.4
100 Corc MADEProbes: ±IEP~ tPr ,V
Con yBar 


4"l/needleharx: , b0"tc
, :h
 

PRo" bes: Eoy .rec .111 

EconomyEcoom N eedle taberoe AcoAKo ePo~k Ecoroce oeB fAA Probe. $8cbl 
K-rmooupefo25inF1901-...40Modelfte$2$285 oo$89)AModekins ck L h@ anw er 
3/8 ceda. ff, hourde,3Zcbl. 

Atkn Model OAQA3190-L-mrrnm FDAa~aproe$2maent toamecb ChIgo0"Cm.,: re ~Speed read temperatures with this handy 
aItd b ehd iwoSO trreotvh,.needle thermometer featuring 

F+,v"+ 'd mos~ uF" r-tw' " " ', rfr" 


Celsius (Centigrade) Pocket Needle Thermometer.
 



These thermometers keep a

record of the temperature.

Scroll the display to read stored data, alarmconditions. You can even send the data to yourcomputer for analysis and archivlng. 
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Thermocou(w amonTherboetea-

Rs232~aPVV ~ehigdc0.n cablo 

sOke WoSprobe (not s softaeuwpI~) F AXECgdra'
RS232 ~ ae~ calhigdcarig~ 0br~ 

ThermnocouplecorTherometer

hmo opl typeOr7 S42um

y.

desbrd).. 

Thermocouple RceThermometermAtkns Model DAQA37313(specLWy only.Kor T k l" 

Atkins Model IAQA 1 -(speq Ko?Tmea #713 O 

thermocouple type desired)... $3 95.ea.For AQA thermocouple probes, see AtIngs Platinum Thermomoter.Ajarm-Recorderfor other thermocouple meers, plus spe- Kit:
Thermometer. 4" needle probe tip, softwar,clalzed probes on pages 16 & 17. 
 RS232 cable, hinged carrying case. AltdnS
 

Thermistor Thermometer-Alarm-Recor 
Kit: Thermometer, 4' needle probe tip, 

Model #A0A1052... S375. 
software, RS232 cable, hinged carrying 

Platinum Recorder Thermometer only. Atkins
Model #AQA37262... $345. ea. case. Atkins Model #AQA 1051..S325Jk. 
Meter holder, wall mounted. May be padlocked.
Allows probe and cable to be inside or outsideThermistor Recorder Thermometer only. holder.Atkins Model #AQA37112 S295 ea Atkins Model #AQA14016 S39 ea 



Temperature recorder.Indicator, with hi/lo
alarms also shows DEGREE-MINUTES, DEGREE-
HOURS, DEGREE-DAYS, uses interchangeable
thermocouple probes, Kor T. 

This recorder-indicator issimilar to those shown on page at left, nd records4.096 time and temp readings. Use any IBM-compatible PC for setup and eventual answerdownloading for graphing and archiving The recorder-idiator on this page has

detachable thermocouple pioE, can record at intervals o(once ascond up to once
 per 12 houm and ithas an optional.me new degree-time calulation feature.J
If degree-tune cakulation a desued, inithe PC setup menu you will make several selecntos including starttame, T or C, and then 'Mulpipher or .Compaaor"deree-time calculation. whether "oves" or "widr"abaselie isdesred and die baseline tempertue. then acakulaion mne umt odays, houm or minutes.Later, when surig the reco er-dmioreter inthe fek, d you selected *F,'multiplier calculan,hour',and "over*, chen properly activating the diay will give you areadmg of the " degree-hours over

d baslie suwe your nartu.If m the setup you previody seleced ",comparator cakulton, F,hour, and over*, then the display propeMy acvated will give you areadung othe toml number ofhou (N-x degree hours!) the temperature ha
been over te " baselime smc your swrtup.

Thes mnrnena have display scolling. and can be jumped to read die time and temp. at die alam con.dintra. Range for both Km-id Tw -400"to .5000*F i 0 2"(.40 0"to 260.0"V mn0.0'but,ovr 99,Tar IC 
the display is i Vwhile internal calculations are mi0 IC resolution. Instrumfnt accuracy ± IF fra -227to 176"F, rangeaceis ±2P(±Cover fulrAge). Dspy ody auto-offter5 mm. Batteryone3V
Lduum, lasts one year 

Thermocouple Recorder-lndicator.Alarm Kit, with Instrument and cablo-mounled miniaturesocket for K or T thermocouple (but without he probe), RS232 cable for setup by PC,
software, hinged carrg case.
Model NA0A1054-(specffy Kor T thermocouple type desired)... $425. /kit.

Thermocouple recorder-!ndicotor.olarm only. Model #AQA37313-(specfy

K or T thermocouple type desired)...$395. ea.
 
K or TThermocouple probes used must match the above K or T Instrument selection.
 
For AQA temoco* pub, see Itis for cOw twcou; mev px swcitzdpmbs npas 161 17. 

Time and temperature chart recorder.
 
Selec ctar speed so one C98.50 complete and ready forroll caens 4, 8, 16, or 32 use In deflyeles, coolers.days Ctos T or "Cgrind refrgerators, freezers,

View h em bp i shipments, storage, produce.Or"Of swdrh 

Terrperoure rOne -20 I Preswre-sens" pope 
+ I0T or -25"lo 351C istred lor txVn* 

Temperature sor 
bemefto.lic coil dmNwi ss 

HousN locks fo Mctxft. 

'Ac~ wy F,s imVmFor A$"or 
Recorder size 7'X375' X . ' *-.- FAXED2.25 (188rn Xm94rm X ' -- - answer 

57MM) We , 15-oz "- "#714
 
(420 grais)
 

Temperature Chart Recorder. 9V alkaline Replacement packet, battery plus 4 charts.battery. 4 charts. 12 adhesive mounting #AQA1008-F... $9.50
pods, 12 metal tamper-proof seals. #AQA 008-C... $9.50 
#AQA1007-F... $98.50 
#AQA1007-C $9850 

http:optional.me


Built-in solar powered thermometer andprobe, NSF certified for food zone areas. 
Front Flange, Into-Panel Mounfing, #AQA 1045 

2arim 2125* SWr 
_--

Back Flange, On-Wal Mounting, #AQA 1046 

/ LON 

to".- kv po""W Nolg oad.2to mwtm f nalt 

Sor Womml w o* MO LX WO lvel rouxedLUh. Twmco'd vdtta s e 
Watoy bockx.V Acoocylp or IC* 71N7: ced ~ 0a~e fo w in Wod mvorea 0 4 aOlf block on *.w 

SWOcg betfen I od or- P~bw twf~n~Wicoru= w 48' exro wrgm obMeam -0100t1o5 
WoC)in0 . an St" ho.LM% 

I Solar Powered Thermometer Sobar Powered ThermometerPanel mount wfth front flane. wol mount with back flangeModel #AQA1045... 47 Model #AQA 1045... $W5 

Two-Probes: Temperature, time, date, 
one high/low alarm, plus daily highs
and lows inmemory AMERICAN 

MADE 
Moosure ,&fo +215 (0,e o+I01-) 
kAcccy i P3r ICO
l ,OM&lm12 or 24 hots flrntIhe nIb" 
 ore wdo.ard
 

clockcalendar with two 
remote probes plus alarms. 
Model #AQA1014.. $79 -
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Order Form
 
Complete, then phone, tax. or mail to All QA Products, Inc , 3443 SW 42nd Way, Gjtnest tl,FL 32608-2375, U5 A See page 3for additional ordering instructions. Add pages as needed 

1ae Model Unit Price Toral Price 

Mo SwIss3 V del Kife 1 

Tocal Merchandise $
 
5so l Sales Thx: Hlonda recipients add 6%
0 j 'SEtc0( U.S. Shipping &khandling (Ground) $10. 00 $

$ 
04e - Vth10" ae3 U.S. Shipping & handling (Two-day) $20.00 $
 

ot U.S. Shipping &handling (Overnight) $30.0

Internationial Shipping (Fax request for shipping cost) $ 

Total $ _ _ 

(icle Ne) __iCard Credi

(Cirlew--ne) zoml",Expiration
 

~~ [M] Signature___________ 

4. Satisfaction Guaranteed Check your order when it amves. Incase of loss 
- or damage, tell the carrier nght away Ifyou are not completely satisfied~)with your purchase notify us within 30 days. Call to get a return


authorization number 
 We'll refund the purchase price.

Warranty. All QA Products, Inc 
 warrants these products to be free of defects inmaterials or workmainship 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 -pecial damages.
 

Help us find new QA products
All QA Products, Inc. islooking for new products to offer. They may be based on new
technology, or introduce new and clever applications of old technology.
Our crieria are. usefulness, reliablility, and ease-of-use. Ifyou know of such products
we'd like to know about them. just call 1-800-845-8818.
 

Name ________________Name_________________
 
Copany 
 _ _ _ __-%_____

Sciret or P.O. Bo Sre addpesy 
SCaZip, Conr CiyStat, Zp, ----- State, Zip, Countryounry 
Would you like us to send our catalog to somebody else? YesD[ No EName_____________________ 
Address _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

T J 
_ 

h .J%,M-$v ,#. 

_ _ 

P 
,M.t.tI.£$..... - ' I . , 

L 
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Walk-in olers/Fr e rs 
A recognized leader in the refrigeration

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 pe4s 
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 is only part
of what Bally offers 

Our experienced customer service or
ganization isbacked by the full support of the 
Bally engineering and design team  a large
in-house staff using com uter-aided tech
nology to respond quicky to your every
need. Your investment in a Bally structure is 
alsoprotected by a ten-year warranty on the
insulated panels. It all adds up to your as-
surance ihat Bally is proven dependable...
and your proect will b- up and running  on 
time and within budget. 

," 
f 

-

,
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Pre-Engineered Panels 
covpotftle 
Infenor ceili de-
sign weaken and 
damaged the panel 
It had to be fixed 
on-site which de-
struyed the struc. 
ural ntegntv of 

th panel 

FAd0 
insulation 

all panels consists of urethane foamed-
i-place (not frothed) for peak insulating
fficiency. The foam - using a formula that 
elies on HCFCs with just one-tenth the 
zone depleting characteristics of CFCs
)rmerly used - enters the mold in a liquid
ate, and rises uniformly, filling all voids,
ghtweight panels are avilable in 4', 5" and 6". 
leware of competitors offerng polystyrene or 
minated components.) 

ed-Lok@ Joining Mechanism
rms a tight, secure panel joint, holding warm 
out, cold air in. Promotes easy assembly or 

sembly for expansion or relocation. Speed

ue and groove do not seal 
r. and do not form a 

pression joint This allows 
air to seep into the
 

r/freezer which reduces
 
tkn effectameness 

BEST AVAILABLE DOCUMEN! 

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

Tongues and Grooves 
O 

on all panel edges are molded to extremelyclose tolerances for a tight fit between panels.Prevents condensation from forming on thefoam and minimizes heat transfer. 

Right Angjle Coe 
ensure that the walk-in isaligned at installation,
guaranteeing a perfectly square box and a 
tighter fit. 
Heavy-Gaigo Steel Connector Straps
connect tie locks to form continuous steelbands through panels. Eliminates any possible
separation between panels. Allows for easy
disassembly and reassembly for expanding or 
moving the walk-in. 
Outside Metal Sdns 
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. 

-

sal 

Cumpetitor photos vhere taken dunng an actual 
field installation 



Ceiling Panels 
One-Piece Ceilings 	 fr 
are available for outdoor use. 	 tungue and groovehis shows a faiure ofto
Clear- n Design tmale.Clao r noesa creating a voidallows tor more usable space Column-free which permits the pas
construction saves time andmoney. pl sage of warm air 

through the space Itis 
lkely to cause conden.Variety of Widths and Lengths s,on on outside of boxare available to suit every requirement. Rein. ithoutfu tohuesmandforced types now available up to 17'4"' without

internal steel support. 	 grooves on all panel 
edges.) 

The large void at 
comer of the foam 
is due either to the 
foaming process or 
mechanical dam
age The only way
to repatr was to 
load up with caulk 
ItLs aless clean and 
less effective instal. 
lation 

BWIY 

loor Panels 
varlety in Wihs and Lenlgths

uit varying applications, 

Me C 
thstands uniformly distributed stationary 

oor loads up to 600 pst. 
mbed Fit 

f 4" floor panels with 4" or 5" wall 
anels will maximize efficiency and easeFinstallation. 

Refrigeration Systems 
Many Types Avallabke 
including self-contained, preassembled remote
varieties with semihermetic or hermetically 
sealed compressors.Simple, Effidet Deagn
results in ease of installation, minimal repairs
and reliable operation with low energy con
sumption. 

systems result in pre
p cise quality controL 

Leak-Tested and 
Test-RunT , - uf itbefore delivery to en
sure maximum per
formance. 

BEST AVAILABLE DOCUMENT
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Optional Accessories 
The Balk walk-in isdesigned for the utmost in
versatilitv and dependability. The following
accessories are also available for increased 
storage capacity, added accessibility and max. 
imum protection. 
Partitions * Sectional Roofs for Outdoor Walk-
Ins * Pressure Relief Ports • 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 varieties, in your choice of sizes, shapes,
finishes and equipment, in just 10 working days
after you place your order. 

For more information call us at 
1-800-24-BALLYor 215-845-23 11 
FAX: 215-845-6110
 
(After 1/1/94, use area code 610.) 


C0106 	 93 252 Prnd n US A 
£11994 esIrEngmeqwd Snk'wr 

10-Year Warranty 
Ball%stands behind the quality of our products.
Our panel construction is warranted for ten 
years. 	Extended plans covering the complete
refrigeration system 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. 

%i	 w 
Bay panels carry these important listings 

ProendePencke. 

/ 
WALK-IN COEFREE6ally E IS mEEZERS 

Walk In &ulrn'Fr crs Diviwsn20 N Front St PO0Bux 98 
Ball% PA 19503-0098
1475 Linda Wa, 

Spark, WV89431-6126 
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Chloride Cont'd.
 
sources of salt are the ocean and vanous salt deposits above and below CHLORIDE. 50-500 ppm CAT NO RICE
ground Type oftest Titret cell Ampoule kit K-2050 s' 250Chlonde isvery corrosi'e to most metals insystems with elevated Analysis time 2 min Ampoule reliill R-2050 2 oMeuod for quantifyg results Actrvalot Solution A-200 I00 
pressures and temperatureb such as boilers and oil dnlling equipment In Direct reading
coastal areas higher than normal chloride concentrations indrinking Scale uits 50. S5.60 65 70 75. 80 90.water can indicate seepage of seawater into the water supply or the 100. 125. 150, 175. 200. 250 350 500 prni 
presence of industrial effluents CHLORIDE, 250-2500 ppm CAT. NO PRICE
The Tltrimerlc Method. CHEMetncs employs mercuric nitrate titrant in TypeO/test Tretell Ampoule kit K-205i S2250acid solution with diphenylcarbazone as the end point indicator Bromide Anatis f 2 man Ampoule refi R-2051 22 00Aeod or quafyng tmsulf Activator solution A-2000 I 0ad Iodide will titrate as chloride Results are express as ppm (mgIL) Cl vect read1n0
Shel"life. Although the reagent itself isstable, the diphenylcarbazone, ScaMwns 250 275.300.325.350.375 400.450,
as the end point indicator. hasa limited shelf~hfe We recommend 5, 625,750. 875. 1000. 1250. 1750,2500 ppmoclong chloride test lts in quantities that will be used within 4 months CHLORIDE, 1000-10,000 ppm CAT. NO. PRICEteplacenient diphenylcarbazone Titret tipshave a 6-month shelfife, the Type oft s Tret cel Ampoule kit K-2055 52250ictivator solution has a 4-month shelf-ife Analysts&w 2man Anpoule reWin R-2055 2200 

lefod f'or
q at tywvg ts s AcMIior solution A-2000 100 
Diect reading
 
Saleuuts 1000.1100.1200 1300. 14. 1500.
 
1600. 1800. 2000, 25M0. 3000. 350. 4000, 5000.
 
7000. 10.000 ppm
 

CHLORIDE, 10,000-I00,000 ppm CAT. NO PRICE 
Type oftest Titret cell Anpoule kit K-2070 $2250Anaysis time 2 min Anpoule refill R-2070 22 00 
Meod for quat),Yig results Activator solution A 2000 1 00BEST AVAILABLE DOCUMENT 1200013000.
14.000.,15,000. 18,000. 111000.20 00]0 25,000 

30 000, 35.000. 40.000. 50.000. 70 000 10000 ppm 

Test kits and refills each contain 30 tests 

hlorine (free & total) 
erences DPO method-EPA Methods for Chemical Analysis of Water andC 
astes. method 330 5 (1903) CHLORINE (free & total,DPD method),
HA Stidard Methods, 18th ed. p 4-45, method 4500-Cl G (1992) 0.1-2.0 ppm
PD mettd--eveloped by CHEMetncs, Inc CAT NO PRICE
 

Ana/ystType of test CHEMel ampoulebme 1mm Ampoule kit K-2500 53200An'poule refill R 2500ause of its strong oxidizing properties, chlonne in aqueous solution is 1900MeOthfor quantifying results Activator solution A-2500 600excellent biocide used to treat potable waters, municipal wastes and Vima 04 06.0 8.10.1 5.2 0 ppm
nimtrig pools When used to treat potable water chlonne not only acts _________.____________.2_0_4___6,_0_,____,___5,_2_0__pa biocide but also helps alleviate the adverse effects of iron. manga- CHLORINE (O-Tol ) 01-2 0ppm CAT NO PRICEse.ammonia and suliide Type oftest CHEMe ampoule Ampoule kit K-2502 53200 
e Colonmetric Methods. CHE.Metncs offers two methods forithe Analysis ume 2 min Ampoule refill R-2502 1900termination of free and total chlonne Metdhod foe quantifying resultsThe DPD methodology isused in Visual coio companson
;tkit K-2500 Free chlonne reacts with DPD to form a red product The Coirrparato standar$s 0 1 0.2 04,06,08 1 0, 1 5. 20 ppmensity of the color formed is direcly proportional to the concentration CHLORINE (free total, DPO method).chlorine in the sdmple When ammonia or amines are present, some QI -O2I ppm CAT. NO PRICEchlorine may ex= as 'combined chlonne" Combined chlorine will TypeDatest ULRCHEMet Apouleinterfere with the free chlorine results, provided the readings are taken 

t K-2511 $5100 
Analyss time 2 min Amnpole refit R-251 1 3250minute To determine total chlorine (the sum of free and combined), AkttiodforquanO rgesults Activalor solution A-2500 600f 
Visual color comparison Neutralizer Solutionthe A-2500 activator solution (potassium iodide) supplied in the kit C ratoStndards 00.0 04.0 06.0 0 A-2501 80010. 12 16. 20 ppmIts are expressed as ppm (mgfL) Clt

Tbe DDPD method is a derivative of the DPD method. The DDPD CHLORINE (free &total, DOPD method),npound is more sersitive, more stable, and free from low-level o-4 pp- PHOTOMETRIC CAT NO PRICE 
Type o1 test Vacu-vaI anerence from chromate. The DDPO methodology isemployed in test Ampoule kt(refill a ) K2503 S 2250K-2503. K-2505. K-2505A through D,and K-25 11 These kits are well 

- 2mi Ampoule refill R-2503 1900&Wtiiio toe quantir, ris Activator iiolution A-2500ed for use in situations where biocides and chromate corrosion 
6oo 

Photomet (13 mm coti) Neutralizer Solurtio A.2501 600bitorsare used simultaneously The DDPD compound reacts with See page 8for more rformaon Compile System 1000 kit T.2503 49500 
nne
to form a purple product The intensity of the color formed is (tand! Case)ctly proponional to the concentration of chlorine present in thepie When ammonia or amines are present in the sample, some of the CHLORINE (free & total, DOPD method),rne may exist as *combined chlorine" Combined chlorine will not 0-1 0and 10-5 0ppm CAT NO PRICEere with the free chlorine result provided the reading istaken atTdeter minthet chlo ine (ulthpredread Type oftest CHEMeI ampoule Ampoule kitm o in ked)aAnalys K-2505 544 50ute To determine total chlonne (the time 1 min Ampoule refillsum of free and combied).use Methodforquantifyingresults R-2505 1900Aclivalor solution A-2500 600A-2500 activator solution (potassium iodide) which issupplied in the Visual color companson Neulralizer solution A-2501Results are expressed as ppm (mg/l.) CL Conmtd Comparato10 5s20.starndardts 0, 01,0.,05 503,04,06,08 110 ppm 

6 002 5 30 3 5 40 4 . 

Call 1-800-356-3072 to place your order.
 



TO detemine total Chlnrine -he -toldine-based me'hodolog,
emplo.ed in test kit K2502 isrecommended Chlonne reacts with
olidine to form a ellow pioduct The intensirv of the color fonned is
directl, proportional to the concentration of chlonne in the sample The manner in %,hichthis potentiall- carcinogenic reagent is packaged and 
handled ,inuajl, eliminates the possibility of skin contact and cbnse-quentlv anv danger to the analyst 

CHLORINE (tree & total, DOPO method),
o plpPb DC51 PHOTOMETER CAT. NO. PRICETyP o test CHE Met ampoule CHLOR I OCR kd I-3002 $43500 
A Dow 2 min Ampoule refill R-2505 19 00AlSO se page 7 Actitor solution A-2500 S 00 

Nhlutnratr soluton A-2501 600Cal Ch *c ampoule A-01 17 250 
O (SotZero apoule A-0100 250 

CHLORINE (IND & total. OO method),
0-25 a 25.125 ppm 
 CAT. NO. PRICEType o teost VACUheteampouO Ampoule kit K-250S0 S47 50 
Aruty= limiea 2am Ampoule refill R-2S05DMethod trquantiymg results Activator solto 2200

A-25M0 600 
Visual color compa srno nComperato standards 0.25 5 75, 10, 15, 20. 25 p100
25 375 50.625 75 875 100 1 12 

5.l25ppm
 

hlorine (hypochlorite) 
reonce: DOPD method-Oeveloped by CHEMetrics, Inc 

introduction for Chlonne. free & totalColorimetric Method. CHEMetncs' method isapplicable to the 
ct determination of hypochlonte concentrations in vanous cleaning:aratlons and disinfectants pnor totheir diution The DDPD 
hodology isa denvauve of DPD The DDPD compound reacts withnchlonte ions to form a blue color The intensity of the color iS 
cliv proportional to the Concentration of hypocone present 
ilts are expressed as percent NaOCI 

B EST AVAILABLE DO CUMENT 

-a* . A. .. =I 

CHLORINE (free Atotal, DOPO method),0-50 and 50.250 ppmType otest VACUene ampoule Ampoule kit CAT NO PRICEK-2505A S47 50
Ari.,ys time 2 min Ampoule refill R-2505A 22 00
Vetalodlocqutangresults AciNator Souton A-2500 600 
Vsul comporcompands 0 
Comp.torstana,0 75. 10 15203040 0ppmS50 75,.tOO 125.150.t75 200 225 250ppm 

CHLORINE (ftree &total, O0PD method),0-100 and 100-500 ppm CAT NO PRICEType otts VACUOUle ampoule Ampoule lut K-25058 $47 50Ay.n tine 2 min Ampoule refill I R-25058 2200
WOWhor quslnttyvg esul.s Activator sOlutin A-2500 600Via Co comparison 

Comlpairstandards 0. 10,20.30.40 60. 0.100 ppm
100. 150. 200. 250. 300. 350. 400. 450 500 ppm 

CHLORINE (free & total, DOPD method),
 
Typs o test VACUetle ampoulle
0-1000 and 1000-5000 ppm Ampoui ka CAT. NO. PRICEAnayswwwn K-2505C $47 502 nw Ampouirf in R25=C 2200for quatng rest Activator solution A2500-ilioct So 
Vu oo l ompars
C ato slandards 0.100 200 300 400 600 800 1000 ppm

1 0 0 0 .S 20 00 2 00 3 400 00 00 o p m
 
1500 2000 2500,3000.3500,4000 4500 5000 pm
 

Test kits and refilla each contain 30 teats 

CHEMes ampoules 
employing the DOPO or 
OPD reagent provide an 
accurate chlorine 
determination to 0 1 ppm 
The DDPD reagent a more 
sensitive, stable, and 
resistant to interferences 

CHLORINE (hypochlorlte), 0 3-1 6% CAT. NO PRICEType oftest VACUIete ampoule Ampoule kit K-5805 41 00Anays W 2 nu Arrowe refill R-505 22 00 
Visul ow comnpan resu s

Cnpatrtrsanlr 030.045 060,075.095.1 15.130 145.1 60% 

CHLORINE (hypochlorits), 2-5-12%Type of est. VACUstle ampoule CAT. NOAmpoule kit PRICE
K-5812 54100Ansis &w 2 mn Ampoule refill R-5812 22 00Meltidfor qjntnng results 

Visual color companson 
Comparatorstandards 25.35,45 60 70 85 95 105.120% 

Test kits and refilla each contain 30 tests 
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erms and Ordering 
nformation. 
D place an order 
Write CHEMetncs. Inc. Route 28 Calvenon VA 22016 

call 1-800-356-3072 or 703-788-9026 
F--:;1-703-788-4856 

&00 AM to 430 PM Eastern Time Monday through Fnday, except holidays 

Net 30 days from date of shipment with approved credit FOB Calverton, VA. 

VISA and MasterCard accepted 

;countpoicy 
Nuantity discounts off listprice are as follows for identical itemsQuantity DLscount 

50-99 10%, 
100.199 15% 

200 or more 20% 
kzbstantially higher discounts are aailable for large quantity orders Contact 
he Markeing department for details 

pping 
•the absence of instructions from the customer merchandise will be shippedta UPS wheneer possible Freight cost plus 53 00 handling will be added to theoice Claims for transportation damage must be submitted to the common camer 

imed Merchandise 
HFMetncs generaill, accepts returns of resellable restockable merchandise ford{it Howeer a 20 percent fee will be imposed unless the problem resulted from4E-Metncs error Wve also accept instruments in new condition retumed within thinrr'.ii's of purchase %erchandise requinng relabeling repackaging, or other remedial,ense will be subject :o reducer credit The customer should contact CHE\leIncsadvance to obtain a return autrnonzation number 

rarity 
IE.'etncs warrants its products to be free of defects in matenals and workmanshipcn two years from date of manufacture, except as follows Those reagent productsiich we identify as having shelf4Ines shorter than two years are warranted through thepiration dates pnnted on the merchandise Instrument products, other than theirendable components, are warranted for one year from receipt by the customer Thisrrantv does not apply to merchandise improperly stored or handled by a party other 
n CHE.Mezncs 

ISWARRANTY SHALL BE IN UEU OF ALL OTHER WARRAt'fI"ES, EXPRESS ORUE.D. INCLUDING ANY IMPUED WARRANTY OR MERCHANTABILFIY OR FTTNESS 
I A PARTICULAR PURPOSE. 

fty

liability of CHEMetncs Inc for defective merchandise islimited to the cost of repaireplacement of that merchandise whicheer islower In no event shall CHEIMetncstable for any injury loss or damage resulting from the handling or use of its products

"vletncs does not authonze an person or agent to accept liabilitr on its behalf 

I off 
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Hydrocooler Costs 

Clarksville Machine Works (Arkansas)
 

Item 	 Cost
 

Batch Hydrocooler (will cool 2,000 -$22,500
 
lbs. at one time)
 

includes: 10 tons of refrigeration
 
2 horsepower pump
 

(without refrigeration -$11,500
 
(i.e. use 	ice)
 

Shower Hydrocooler 	 -$24,400 
includes: 	18 ft. 8 in. cypress
 

slat
 
7 HP pump (8")
 

HP conveyor drive
 
refrigeration not included
 

Spare parts for Batch Hydrocooler"
 
pump lower bearing $50
 
pump upper bearing $50
 
pump shaft $200
 
pump impeller $100
 

Spare parts for Shower Hydrocooler 
pump - same as Batch 
conveyor chain $7.50 - $17.50 per 
sprockets 	 foot 

$25 - $200 each 

1/
 



1993
 
OUR 4 1"YEAR 

SERVING THE INDUSTRY 

And Replacement Parts 

KING LINES FOR: 
ples 
matoes 
ppers 
uash 
cumbers 
kIes 
rry lomatoes 
Plant 

urds 
toes 

us Fruit 
i Pumpkins
Others 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
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COMPANY BACKGROUND Tow Manufacturing Corporabon was formed and began businesexpress purpose of manufacturing Fnend brand fruit packing house equipment In 1954 
in October 1952 at Fairport. Na' York for the

it purchased the gader dIvfilon of Ow TmcottCompany and continued manufacturing both Friend and Trescott machinesuntil 1960 when both lineswere disfontinued in*.vorlan improvedTow line of packing house equipment Since that date, conthnuing efforts have been made In engineering and manufacturing, permtting us tonow offer our finest machinery for cleaning and packjng fruits and vagetables 

POUCY 8 GUARANTEE Tow Manufacturing Corporation sells its products direct to the consumer and not through any distributor or dealerorganization This allows us to price supenor equipment lower than our competitors' machinery to the benefit of our customenir We quaranteeour products against defects in material and workmanship for aperiod of one year after shipment If any Item or machine Isdefective, we will (1)repair it. ifbrought back to our factory,(2) paya local serviceman to make the repair at your place, or (3)replace the pertormachine free ofchargeand prepaid Customer to install replaced part or machine 

TERMS OF SALE AORDERING INFORMATION Due to processing costs, our minimum order Is$10.00. Ifthe part you need Is less, we suggestyou order two or add some other parl that will be useful In the future Please enclose your check for pans order with order. Add $5 00 tocover shipping for orders valued to $25 00; $8 00 for orders $25 00 to $100 00. Machine orders rqulrp a 20% deposit with order, balance duebefore machine leaves our factory Ifyou want Immediate machine shipment, please enclose full amount. Machines am pc l.o.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 forn our policy of DIRECT SALES ONLY 
No distributors 40% profit Is In our Prices.Five Mile Une Rd. 

• Rt. 441 

Whitney Rd.
Tew Mfg .. I -I 

jFairport 

BEST AVAILABLE DOCUIMEN1 
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Made In 
Florida, USA, 

SATKINS THEI 
Recording & Indicating Thermometers 
(Probes Attached) Read &Record Temperatures; Scroll Display to Check Recorded Data Or To JumpTo Any Alarm Conditions. Later, Analyze Or Graph Data On Any IBM Compatible Computer. Simple, User-FriendlySoftware And O-Ring Sealed Housing Included.
 

MEDIUM RANGE, THERMISTOR SENSOR
a 
°F/OC Switchable Reads in10 from 12 WIDE RANGE, PLATINUM SENSOR0Fto 1300F,in 20 from °F/OC Switchable Reads in 10 from -170Fto 173oF,-1 70Fto 173W Switch to °C to read in 0.50 from -1°C to 540C, in20 from -40°F to 410OF Switch to °C to read inthen in 10 from -270C to 780C Needle tip probe attached by 29" 0 50 from -110 Cto 540C, then in 10 from -400C tocable. Memory Capacity of over 8,000 date-time-temperature 210oCreadings Recorder Indicitor with Software 937262 ... $395Recorder Indicator with Software 937112... $295 RS 232 Cable 014031 ... $14RS 232 Cable 014031 ... $14 

.'dicating Thermometers (Probes Attached)
XTRA-HIGH ACCURACY HIGH-ACCURACY THERMOCOUPLE/PROBE SYSTEMSPLATINUM SYSTEM Total probe & instrument accuracy ±0.60C over range -115°F to 440OF (usable toLATNUMSYSEM5000F)mi
rbe accuracy ±0 5F o 10 resolution 0C reads in0 10 over range of0 RAmind instrument and03C ) over range of -55°C to 199 90C Probes attached by 29high-temperature armored cable6O°F tove re9OF , Choice of 4 Probe Styles:

76 OF to 199 90F(-60 O1C 
 Small-Handled Needle Probei199 90C), reading in013333- S a rll-$1 
solubon Accuracy 10 up #33033-F or C... $115 

) 500OF (2600C) with 1 Large-Handled Needle Probe
solution Needle tip probe,omineatthed tp 2"be 033032-F or C... $129

ermanenly attached by 29 cable Small-Handled Surlace/Universal Probe#33034-F or C... $11936036-F or C ..$159 Large-Handled Surface Probe 

#33035-F or C...$149

ndicating Thermometers (Use Interchangeable
'hermocouples As Shown At Right) g
C0 LED DIGITS, MICROPROCESSOR, BIG LCD DIGITS, MEMBRANE SWITCHING, mum3-232 to Computer, OF/ 0C 0-F/°C AND AUTO-RAAGING 0.10/1° , SMALL° curacy ±O 1%of reading ±0 4C over PROBE HOLDER 

J 
nge of -148OF to 25020F, OC equivalent Pmes complete with IBM PC compatibleware and lS-232 cabl for computer Accuracy ±1% of reading ±10over range of -112 O°F toakup. $396 19990F. Auto-ranging unit housed inrugged ABS plastic#49600-K. .. 
 c3958-K 


...$99
Multi-Probe Switchbox when used with #39658-K thermo

meter can accommodate up to four probes simultaneously
LCD DIGITS, Select probe to be read with rotary switch #39667-K ... $119I CODIGIT S,MICROPROCESSOR, 
0F/PC, 1PROBE 

Accuracy ±0 5%of reading STAINLESS STEEL HOUSING, SHIRT-POCKET±10 over range of -60 O°F

/ to 19991F Instrument capable 

SIZE, SMALL PROBE HOLDER, 0F/°C

Accuracy ±0 7%of reading ±1 0over range of -40OFof output to recorder to 
1832F Shirt pocket sized unit housed in stainless steel - #49200-K ...$185 #38653-K ...$129
 

Al/Above Units Are Available In Thermocouple Types J, K& T 

rF-TP-AVA ABLE DOCUMENT 



Page 3, D440-3R93 
International

Accuracy Standards 
Traceable to U.S. 

E [Eri 
National Institute 

oMMOf Standards & 
Technology 

uiltln Digital 
rhermometer 
leplace Bimetals or Bulb and Capillaries With 
hermocouples and Digital Display 
istrument with 2"digital dial has accuracy of +2F00.25% of reading from -100OF to 1000F and is Panel Mount Design tm or Pipelineailable in C equivalent. Can use any type K Mounts on surface

#61810 ...$89 Mount Design, housing of wallermocouple.connecting 

et #61820... $89 

wor Supply 614018... $13 061820... $89 

,an -Held Thermocouple Probes 
or Use With Atkins Thermometers 
er 150 probe designs available in thermocouple types J,K or T (Some popular models shown.) "
 
EDLE TEMPERATURE PROBES for foods (meat, produce, fish, chicken, salad bars, milk-shake/
as), plastic melt temperatures, solder pots #50335-J, Kor T... $41 

JRFACE TEMPERATURE PROBES for over-heating motors, transformers, cooking griddlelibrations of thermostats, heat sealers, plastic molding dies, maintenance.
0318-J, Kor T... $64 #50012-J, Kor T... $59 
R& GASES TEMPERATURE PROBES for HVAC contractors, air balancing, refrigeration, oven temperatures, dryers,;hwashers. #50332-J, Kor T... $44 #50338-J, Kor T... $28 

00 EQUIPMENT MULTI-USE PROBES for calibrating cookingthermostats, 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 
1EEN PRINTING DRYER PROBE, 
on garment with measurement 
it in drying ink to track proper
ration. #50008-K... $105 

•.. 
BEST AVILACLE.OCUMEN 
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0 



The Control of 

Quality at Atkins 

Atkins Technical Incorporated maintains 
master calibration standards traceable to 
'he National Institute of Standards and 
rechnology and against which all plant
vorking standards are regularly checked. 
ndependent Quality Control personnel 
re responsible for standards, calibration 
quipment, and incoming and outgoing

inspections inconformance with written 
procedures. 

General PrFoduct 

Guarantee 
All Atkins' products, standard and cus-
om, are guarantcCd to perform within 
)ur specifications for aperiod of one 
fear when subjected to normal usage.
7his guarantee covers both narts and 
ibor, but does not cover any consequen-
lal damages. Products to be returned 
lust be approved by Atkins inadvance 
ased on the user's reported difficulty.
tate how much error, whether high or 
iw,at whait point, under what condi-
ans, and compared to what standard. 

See Our Products 
Advertised In: 
* Prepared Foods 
* Food Processing
 
eFood Products &Equipment
 

* Foodservide Equipment &
 
Supplies Specialist


* Restaurant Business Magazine 
*Food Equipment Distributors
 

Association
 
* Journal of Food Protection 
* Dairy, Food and Environmental 

Sanitation Magazine
9Modern Plastics* The Thomas Register
* Printwear Magazine 

e ScreenPlay Magazine 
* Impressions 
e Screenprinting 

Network 

ReliabklI 
Atkins
 

To order, to request a specific catalog, or for nearest 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.
 

BEST AVAILABLE DOCUMENT
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Batch cooling brings a low-cost
 
cold wave to small growers.


Now the proen benefits ofhydro-cooling are available to small 
growers and producers with the 
-conomucal Batch Hydro-Cooler from 
larksville Machine Wprks. 
The fastest, surest way of removingield heat from most fresh vegetables


nd fruit, Hydro-Cooling thoroughly

Venches produce with icy chilled 

rater, "shock-coohng" it to put the 

rakes on the natural ripening process.

Completely self-contamed, the 


3ace-saving Batch Hydro-Cooler cools 

ton of produce at a time, thoroughly

"enching it with a high volume of icy.

died water. 

Produce is cooled several degrees in 

matter of minutes Length of time is
termined by the beginning produce 

nperature and the amount of 
luction desired. 


Sllncy water now system 

= hvolume with low power


Here.a 2-hp 
 poviles
pm flow Mantennce-fre water 
umplrOnever noods oiling 

tto last. With
quality materials 
our famous 
'anship. 

sville Hydro-Coolers are butlt 

el. fiberglass and rugged

grade plywood to be remarkab)

dependable and efficient
iberglass lining cannot rust ord is unaffetfted b%oxidation, 
ter. cold or heat. It doesnt 
or contract from the constant 
nd wetting of normal operation 
ur craftsmanship and attention 

.control mean long life and 

_ee sen ice 


Big job. Small space.Big 
In aremarkably small space (about

7 feet deep, 12 feet long and 10 feet 
high) the Batch Hydro-Cooler performs 
an amazingly big job.

Its 59" wide by 59" deep and 72"
high opening can be loaded by forklift 
or hand with a ful pallet (about 2,0O 0pounds) of produce per batch. 

Its space-saving curtain door isthen 
closed, and with the flick of an 
automatic timer-switch, the Batch 
Hydro-Cooler goes to work Withinminutes, produce temperatures are 
drastically reduced, putting the brakes 
on the npening process and adding
days or weeks to shelf life 

0 
" 

12, 
o 40 

16-0 

S0outstanding 

20 F 18o 

20 

ZPurchase 
Batch Hydro-Cooter con reduce produce
.,'neiaturosneoary to the freezing mor 
TemPeratre gauge tellsthe tory 


Variet o 
options available. 

jml 
a ibtoeThIe Clarksville Batch Hydro-Cxler 

can be ordered with a variety of 
refngeration and convenience options. 
These clude76
 
• Increased refngeration tonnage

(10 tons or more) for decreased 
chilmg time with large loads oAutomatic door opening/closing

* Pendant or radio controls for remote 
or forklift operation. 

* Trader mounting for portability

0 No refrigeration (where pre-cooled


water isavailable or ice-loadmg is
 
practical)
 

Batch Hydro-Cooler standard 
features include 
* Space-saving overhead door 
0 Two inchvidually controllable 

refrigeration uruts 
* Single- or three-phase po%,er 

oLow-pof hgh-voume ccuon
 
w-pr lue an 

pump, water lubricated andmaintenance-free, 2-hp electricmotor, 280 gpm output.

0 Compact modular self-contained
 

weinentthall cononents 
pemanently mounted to heavy
angle- ionskids.
 

0 Fierglass lining for long life, easy

cleaning and low maintenance.
 

a Automatic single-control timer
 
svtch. 

Backed by ourfamous warranty. 
The Clarksvdle Hydro-Cooler

has budt an outstanding record of
maintenance-free service inhundreds 
of installations inthe U.S and abroad over the past 35 years

We're so sure of our products, we 
back the Batch Hydro-Cooler with our 

limited warranty a full 
1tyears against defects inthe tank 
and structure 

or lease. 
We offer flexible financing plansfor the Batch H~dro-Cooler from

Clarksville Machine Works And we'll
tailor a purchase or lease plan to your 

requirements 
We'll make iteasy to own or usethe best An authentic ClarksvilleHydro-Cooler
 

TEMPERATURES (7F)
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W 

W 

56 
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TIME (MINUTES) 

Typical ctilling cycle shws duration forheat
Ion atime recluiref toetreduce temperature fromr Fomtnce 
80 to 45 degrees isless tan time needed to 
Chill Produce from 60 to 35 d@ro imevoes wft heat condtom. refnigerioncopocty. other fotoi 



Cold facts about
 
the Clarksville Hydro-Cooler


from Clarksville Machine Works.
 
:ver since we designed the first 
-ksvdle Hydro-Cooler over 35 years 

growers, sellers and consumers 
- been benefiting from the 
h-picked quality of hydro-cooled 
s and vegetables Our 
,ry-makng equipment set the 
dard for high volume continuous 
luction. And it still does. 
ur onginai "shock-chilling" process
ches produce with a high volume 
y. chilled water. It is still the 
sL surest way to remove field 
Even so-called "modern" 

n-ice methods can't compare for 
ency, even coverage and increased 
-life. And advances in refngeration 
iology have made our process 
more efficient 

3ilage protection
bans more profit. 
pbenefits of hydro-cooling areFor example. the U S Dept

cFltrexassho. th S Dt
hculture has shown that at 86OF. 

Icorn loses 50 percent of its 
Icontent within 24 hours after 

harvest The Clarksville Hydro-Cooler
dramatically reduces this loss of quality
and flavor inthese and other 
vegetables and fruits 

Here's
how you benefit: 
a 	Produce can be tree- or vine-

ripened longer for better color and 
sales appeal 

0 	 Hydro-Cooling prevents spodage and 
waste, giving growers and packers 
more flexibility, 

e 	Hydro-Cooling removes residue, 

dust and dirt so produce looks 

fresher and tastier 


* The chilled water may be treated to 
destroy harmful bacteria or spores 
on produce

0 Lets you expand your market. 
Produce stays fresher longer,
requires far less refrigeration before 
and dunng storage and shipping 

* 	Hydro-Cooling lengthens the 
shelf-life of perishable produce. 

An authentic Clarksville 
Hydro-Cooler is an outstanding
investment 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 cay ft's in 
operation.

Clarksville Hydro-Coolers are built 
with steel, fiberglass and rugged
marine grade plywood to be remarkably 
strong, dependable and efficient. 

We custom-build our lugh-volume 
pumps inour plant Their low profiles 
save space, while water lubrication 
means oiling is never needed. Our 
record for long pump life and freedom 
from maintenance is outstanding. 

We have a complete line of standard 
and custom-made Hydro-Coolers, with 
capacities to meet any production 
requirement. Models are available for 
both packaged and bulk produce, and a 
wide variety of options lets us meet 
your individual needs. 

No matter what your produce, your
volume needs and space requirements, 
there's a Clarksvile Hydro-Cooler to 
do the job 

CLARKSILLE MACHINE WORKS
 
P.O. Box 378, Clarksvlle, AR 72830 Phone (501) 754-7161 

BEST A'"" "'' 



Fruit And Vegetable 

KERIAN S'PWDS1ZER
 

FOR SPEED, ACCURACY, 
AND GENTLE HANDLING 

SIMPLE DESIGN-Easy to maintain, easy to adjust, with a unique patentedmethod of roller expansion. 

COMPACT AND EFFICIENT-A large capacity in a small floor space, yetrugged enough for field use. 

UNEQUALLED ACCURACY-No other diameter grader comes close,because of continuous product rotation and individually-driven heavy-dutyrollers which maintain precise separation. 

PROVEN ABILITY-Customized features and gentle handling are part ofthe 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. 

S KERIAN MACHINES, INC. 
Hwy. 81 S., P.O. [lox 311 • Grafton, N.D. USA 58237 

PHONE 701/352-04N Telex 4932886 • Fax 701/352-3776 



STANDARD FEATURES
Rollers designed for your product-The expanding rollers ride on V-pulleys, rotating andorienting the produce. Overroller turning flaps furnished for long produce also align theproduct Roller types include spaced rubber spools, three diameters of PVC-covered steel,and urethane rounded spools Stainless steel rollers are also available 

Rubber spools for: round Plastic-covered rollerspotatoes. onions, oranges, 
for Urethane rounded spools for:most prcducts: bng potatoes, easily bruised apples,etc. cucumbers, bell poppers, etc. bmatoes. etc. 

Accuracy In sizing - The Kerlan Sizer Is equipped with an exclusive patented roller drivethat is selected for your particular sizing needs. Whether a standard or special application,the choice is from over 300 drive patterns presently In use. A custom design Is alsoavailable for a small additional charge. 

No bruising or skinning - Your product is gently rotated on moving rollers with directseparation onto a conveyor or delivery pan. 

Easy adjustment features - Easily.movable dividers for precise size selection and fulladjustment. Dividers can be easily 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 1 to 2 HP. 
-

Built In durability - The frame is r1gld 2x5 steel tubing and all parts are made with
precision to last for many years. We pre-test every machine before it is shipped. 

No3 AS 
To1W 

SIZE SELECTION 
Any Desired Measure
 

Of increas in Each Space
 

look"• • 



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 LbJHc. 2 To 4 Sizes 3 To 6 Sizes 5 To 9 Sizes 
30 In. 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. 50,000 M-60 L-60 X-60
 
72 In. 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 a 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. 

/4 



The versatile KERIAN SIZER adapts to almost any packing system. At the left is theKERIAN SIZER Model M-50 complete with cart, elevator, and reversible takeaway belts. Atthe right, the Model L-60 is Installed after the grading tables and in front of a conveyorsystem which consists of six independently reversible belts. 

OPTIONS 
Custom Separation-If none of the standard patterns fit your unique application, we candesign a separation to your exact specifications. Accurate within 1/64 inch. 

Corrosion Protection-- Imron Polyurethane paint provides extra protection for high acid orsalt conditions. Recommended for some food processing applications are stainless steelrollers, stainless contact points, or an all stainless Sizer. 

Portability- Heavy-duty casters with a swivel-locking feature bolt onto the legs for easymovability. Also available is a cart and hitch to takt the KERIAN SIZER right into the field 

Takeaway Tables-Single, double, or triple belt tables carry your product to either side ofthe 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 Slzer.mounted,
 
are designed to "fit" with the Sizer.
 

Lubrication Systems-Centralized lubrication panels and automatic roller lubricationsimplify maintenance procedures. 

Other Options-An over-end roller assembly allows.delivery of large product off the end ofthe Sizer. The vertical takeaway clearance can be increased as needed for chutes or flumeswith the assistance of an over.end damping assembly. The Sizer can also be provided withtriple.seal ball bearings throughout to provide long-life service in harsh environments.Rigid platforms raise the Sizer to any desired height. Variable.speed operation can beachieved either by mechanical or electrical adjustment. 

BEST AVAILABLE DOCUMI



Janay 1,1968 
U.S. Prices 

MSER1ES 
SIZING L SES X SER1E60" SIZING LGTH 80"SIZING LGTH 120" SIZING LGTH
W'IH 2 TO 4 SIZES 3 TO 6 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. 
60 IN. U-60, $9350. L-60, $11300. X-60, $14460. 
72 IN. L-72, $12300. X-72, $15290. 

Prices 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 being sized. 

OPTIONS 
Custom Sp'ral Pattern 350. Auto Roller Lubricators 140.Stainless Contact Points15t)0. Lube Manlfold 360.Stainless Steel Rollers 1100. Rear Damping Assembly 300.Casters, per set 140. Mechrnlcal Vail-Speed 200.Field Cart 750. . Over-End Roller 275.Platform, 1 foot 78. Stainless Steel SizersPlatform, 2 foot 135. Belt tables & Elevators 

WE REQUIRE ONE-TBIRD DOWN PAYMENT WITH ORDER 
WITH BALANCE DUE WHEN SHIPPED. 

KERAN MACHINES, INC.
 
Hwy 81 South, PO Box 311 
Grafton, ND 58237 USA 

701/352-0480, FAX 701/352-3776 

/
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,_ __ 

6.5 

Sizing Width 

30,40,50,60, 
or 72 

L  9.5 

20.5 +1L 

1752I 
44 4,L 

16.J 

Overall Lenmtj
Wa 66 Mu Series 96 L 0,2,4,6,8,or I0 

86 'L Series 116 (Platform optional for126 X'Series 156 additional height) 

Note: All dimensions In inches. 
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SELECT THE RIGHT MONITOR TO FIT YOUR NEEDS.
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REFRIGERATION UNIT COOLERS 
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ItF ctional replacements for many leading brands S Aluminum collared plate fins and copper tube 
OAk and electric defrost models 0 Expansion valve mounts Inside cabinet 

brands ofS....-MEDIUM-TEMPERATURE APPLICATIONS- (AIR DEFROSTy3 °TO 55o 
,.32T9 -" WALK-IN MODELS
 

a pat a MotueAmps ofaaa.Ueas ('.in lmaasisas (Is)
C, *atofrIFD.C lil, iIsle iou., , 1A- tac3ik II W " Meda St fach WLandwich 4000 1 i1 800 18 IFN %ODS V 32nLmu am 5200 1 12 800 18 | FN 
1341: 14% LSCO401 6D324 54400 $322.00 380 

4 6500 1 12 710 1.8 %FN 
%ODS /* 32 131'% 14% LSC0521 60323 706.00 353.00 42.0

3000 %ODS % 32/4 13SIj* 14V4 LSCO651 6D322 814.002 12 1430 3.8 407.00 44.0JFN %ODS V4 44-. - 30300 13/3'M 14 LSCD901 6D3212 12 1520 3.6 FN %ODS V4 52V4 107500 538.00 5S.0-. 12000 2 12 1520 3.6 J FN %AODS -/4 131 $A 14 LSCIO51 6D320 113000 575.00 66052 V 13'Vi 14 LSC1201 60319 1272.00M1000 2 12 636.00 660!g0 3.6 %FN %ODS V 52V 13'Vo 141000o 3 12 20 54 FN J LSC1401 60318 141000 705.00 74.0 
,ad 74ODS / 72Y4 1314is 14 LSC1601 16580013000 4 12 30307.2 JFN 0D317 829.00 92.027000 5 12 IODS 4 921/ 131%s 14 LSC2001 6D316 2094003790 90 |iFN 1ODS / 1047.00 120011000 6 12 112V 131is 143/4390 108 1%ODS 313ODS 132V 13'1ka LSC2701 6D31S 269000 1345.00 218014 V4 LSC310I 60314 300600 1503.00 2320 

1 41_0000 6 12 4390 108 %ODS IODS k4 132( 134te 14 N4 LSC4001 60313 378600 1893.00 2700150.25 REACH-11' 1ODEL20.2.511 1300 1 8 235 10 FN %ID 01) 14: 15 8% L13A GD333 39000 195.00 1601700 1 8 250 10 FN %ID 40D 1714 15,V/4 8% L17A-- 2300 1 8 265 10 60332 40600 203.00 170%FN %ID OD 22152.2S -3000 152 87/4 L23A 6C1331 48000 240.00 22.02 8 480 20169.75 4300 2 %FN 1D 10D 27 152/4 87J L3OA 603308 520 20 FN ID D 61400 307.00 27015329 76800 384.00 400219.50 8254.00 600 1 5 135 08 t FN 341D307.06 800 1 5 130 OD 12 8% 6% LAC06A 4D0328 25800 129.0033200 08 %FN %1D %0D 902 5 265 16 4FN 12% 8k 6% L/.CO8A1100 1 8 245 %lD 0D 18 6D327 27200 136.0010 %FN %JD 8 8 LAC12A 60326 900l 14 10 9 LAC17A 37000 185.0 14.060325 41800 209.00 110 
2 00 1000 1 15 110 0826.00 1300 ,FN ,ID %0D 16 15i 4 SRCI0A2 15 ki 205 16 60295 30400 152.00 14.0298.00 2 15 F,, 11) . 0D 20 15 4 SRC3A205 16 %V,'' 60294 39400 1970000 %OD 16k2 23 o00 3 ON 24 4 SRC17A 17015 315 24 4F\ ID %0D 31% 164 4 6D293 4j800 229.00 2103000 3 15 320 24 FN W.iD %0D SRC23A. 6D292 58400 292.00 28040 16 4 SRC30A4300 4 15; 425 32 FN %ID 401) 60291 72400 362.00 3305331 161 4 SRC43A 60290 97400 487.00 44.0202. 60 3 15;1 545 to %IDlFN %0D 53_ 16 6 SRC5.A 6D289 124000 620.00 330206.50211 LOW TEMPERATURE APPLICATIONS (ELECTRIC DEFROST) -200 TO 340 F,. 
346.7 

-o WALK-INMODELSFen Motw Amps CasarctiasI 1is) Dimensions (Ipi Mit Stock

317O To oty D0a CFIM 1l1V iel Sutlen 0,81
3 0 1 1" 810 09 1 W 11 Model e l- Use ric AiFN %ODS = 32v 13421. 0 11: 14 LSF0402 60312 $1066002 12 1535 18 -FN $533.00 42.0

2 12 1455 18 
%ODS 44 13.51 14 L.SF0552 60311 132000 660.00 560FN 7%oODS 4 44V0 2 12 1535 18 13'4io 14 LSF0702 60310 142800 714.00 600%FN %ODS V 52V 13154. 14v. LSFOO42 60309 161800 809.00 74.03 12 2295 27 FN I 24ODS 72 V13'%a3 12 2275 2.7 %FN IODS 14% LSF1202 60308 201400 1007.00 960/4 72V 13'14o 14V4 LSF1402 6D3074 12 3060 36 %FN 1 3 5 227Z00 1136.00 102.0IODS 4 92 14e4 12 141/ LSF1602 60306 2690003060 36 FN IODS 1345.00 1290% 92 131%s 14 L.SF1802 6D305 297000 1485.000 6 12 4485 54 FN 1300 

54 
1 eODS V 132V 13'15A 141, LSF2402 60304 3702.000 12 4485 3 1851.00 232.0$2" %FN 1ODS 132V4 1 0/ts141 4 LSF280260303 438000 2190.00 2320REACH-IN MODELS 

371 1 15 110 - % FN %ID %0D 16, 152 I41 210 4 SFC09A 6D302 5040015 - FN %ID 252.00 14.010D 20 15 4 SFC12A 60301 60800 304.00 190 
Do 2 151m 210 %FN YID1 15% 240 %01) 24 16 4 SFC16A 60300%-FN I D %01) 75400 377.00 230 

IS 
24 18 6/ SFC21A 60299 85400 427.00 240 

2 15 2 335 - 1N %ID %01) 31% 16115 420 %-FN %ID OD 38% 18 6 / SF'C28B 60298 107600 538.00 2703 15 595 - '1DIF% %01 6 SFC15B 6D297 121000 605.00 380494 18 6% SFC53B 60296 167000 835.00 530 
SEE WARRANTY INFORMATION ON PAGE OPPOSITE INSIDE BACK COVER 2559
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ADJUSTABLE SPEED AGRICULTURAL.DUTY FAN AND POULTRY LIGHT TP24" ADJUSTABLE SPEED DIRECT-DRIVE 
0 3C960 controller ( Pago 21" ) 

AGED U TY FASee~l
6 Speed adjustable whn used witht No.Allgalvanized fan €onsfruction fr"Co. " " " 
. , RICULTURAL DU 

rlsnn P Iono o ". " .' .. ". - *0Automatically mainta i 
Ater ventilationrqfosmiumw.temperature m'ruirentsand house " 

Crate for ,'mp euIm ed n Uts o..-eretile N.
lni e can be on. .aat th No-3C e 9tallat Ship-FanIS sh assmble aritu anin Iel-Dayto= 2 e d 

s ea S dt exi \ ceased to bear , 
Pacitorautonattletherirh*l V st e Pemnent spitdab7...
b.e"ann and 

. teaccrdA3nC n t .r'land roceeuresad maur wthn eed adj ust -ho~aareo'r~~ duior e
drive n bailed on tests'eliminates beltsa orc , Gysketedsaullethat "Mmotor conduit V .leyth tco ir t oftPu i n e,w ado easy co mplly wtbhei he 2r q in. .-o -.- . with the e-'uire,.! 
engs O"fi tePrACA C-e"ed Ra tings p rgr am" 

24 flfl 10tfljg37-
- AI Is 10
 

') Performae shown isfor i
-ieltit0) a crate3o8n7 &a 
d -us,

-,,Uawh tot duts.(tI B.I(BrakeHorsepower 130imjum bore 

* FPOULTRYFully aSSembledagricultural budghlight tratra BUILDING LIGHT TRAPworaworks withRAwt
 
'gncitual 
 uiling tansgood ventilation to maintainand kteP unwanted

sunlight out 0 11?
 
0 22-000oto I light reduction 


No enhancer required 
la w
N 

* 4" Wide draw along full width of bottom 
564
* Durable weather.ristnPlastic blades bakA3resitant black ADS 

TO DETERMINE THE NUMBER OF LIGHT 
TRAPS NEEE-h BROlRAsr EEDED--.The IHproper number ofight traps must be used to avoid the effects of excessive air restlctlonI AOverheating motor/nuisance tripping
2 Insufficient air flow (CP7)4
3 Excessive building structural loadUse the table at rightcorrect num ber o to determine theflg ttr
Your application f 1gtrasneded for 

FOR EXAMPLE. 
used
Mi f(8) fans rated at 20.160 weeUeIoExhaust,0Fans 


Light Traps at exhauat 13 PERFOMAN 

Mu3ti2lo 1 ie oeLght Traps atr LANh r9 xNO 
 iend
LiTotapsaeh en -o E 18.000AUTONW 170001(M 16.99 17"9to 1899 1g,999Light Traps at entrast to 28.00 20.

232or 2 w7 200F59 Light Traps T ota NaI LTiP UIEft') Always use the next full number le itresult wee 
cj 

20. use 21 
2 . . . to 

I'72.
 

MANY BRANDS OF MAINTENANCE EQUIPMENT AVAILABLEEUReKA 
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FANDUTY DIRECT-DRIVE CONEAGRICULTURAL ' p 	 AND STRAIGHT-WALL, FANS FANDIRECT-DRIVE CONEFk48" 
°
 

,"- -"* 	 " " "'
 lnce and efficiency perfor. -. :...........
J" . .charSe cone increases fan 

--*. 	 " 
Al galvanized steo housing fits flush to , - ' 

Cc OtO-. bwde of building 
Totally motor with automatic	 7--Tenclosed 
"seat thermal protection has wire leads 

1W esyconnection1
 

),no fin fat use in greenhouses. poultry 11-"11
 
,,W and other agricultural applie-

to resist corrosion In 
--tcultural and liveitock applications 14 "1

. jO 'construction 	 I" 

" 
Iwquick-release latches to allow ready 
rcess for maintenance 

pr.ect-dnve fan has no belts or pulleys to f 1 g 

Carosion faSitant shutter is held in place - 

jdjustor replace Moisture resistent
" ~ I HP 230V.p rmnanent spi~t c~aac~L-fqV 


ut motor with sealed and shieldedall
 
beannps Fan comes complete with hous- 
1g.intake shutter, discharge cone, and -.
 

-. :atlet screen 
Metor 

Man Sleck SkpgCFM 0 RPM Shbe/CFIA per Wei 

Sou ne Fe Free 06" SI0" Ii" 	
NP, Me Ui lstk

SP Sp RPM Vilts NPAi SPa iMoel 	 1 0 97 3F521 $1177.50 $735.00 200.0
-20160/215 18.6501952 17.175/172 1,075,147 850 230 

tBrake Horsepoweri is mazimum horseposer required at theair delivery shown.
i-|jhl 


36 AND 48" DIRECT-DRIVE STRAIGHT-WALL FANS 
- 0 	High volume, heavy-duty wall mounted 

fan 

0 Galvanized steel ventun panel, housing 
and 2 blade propeller are designed for 
extended life in high humidity and car 
rosive conditions 

* Totally enclosed motor with automatic 
reset thermal protection 

Direct drive, wall mounted unit for venti 
lating livestock and pultry houses Fan 
comes completely assembled motor has 
wire leads for fast installation and con-

FLOW "nection 
Moisture resistant TENV, 230V, 60 Hz ball 
bearing, permanent split capacitor motor 

haft and bearing slinger keeps out dirt 
A and moisture 

WARNING OSHA complying guards 

are strongly recommended when fan is 
installed within 7 ft of floor, working 
level, or within reach of personnel- Re

--- "a" -
4 F view of OSHA codes. 

to____ 
lademe of 

___ 

CFM 0 RPM Shew/CFM perWin 
N tnt (Ak Wi1 l25" 3P 1 1S"SP 	 RPM Voli uP 

850 230 1/2 3F527 $76800 $508.00 960a's glades freeAi 1O" SP 0 Is" SP 

90401188 8295/1 4 7930/15 4 7570/14536- 2 9620/203 	 1 3F525 101600 672.00 1950 
43 2 19010/200 17860/18.1 16555/168 1600516 1 1538515 3 850 230 

a-* 	 POULTRY FAN HANGING BRACKET 
Replaces eyebolts, simplifies poultry fan Sold in pairs in boxes of S0

S.- ".-- , - installation-


- ," - 0 All galvanized construction resists cor-	 No. 3F522 Shpg wt. 270 lbs List $447 00 
Per Box of 50 Pairs $29800 

rA aion 
. For use with all Dayton crate mounted 

poultry fans
 

2771
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We seve cutomers Ww o. Ifyou r benns., 
Plan islctdin~ onrw x orrieplant is locatedm another country, our export senceIsare tber for you Ourexport em Is expenenoumnternatonal shipping requlrement to handle yourorder quickly and accurately 

By consolidating your purchases with a single suppleryou reduce processing, freight, and brokerage costs.Whether you buy one item, several items. or have acomplex start-up order with a vaiety of items, well 
take care of you 

Hww mgbc,,o o Gm ngwi*sst. 

1w. ..C--,.. J 

U I *r,'e,Trailer ac Graxgest f~sadlie'I 
011,*01fa. 1A, 

wGrm'S _. IM2_ 4 Rl 04 * LIQ 
8--pder~ -Xshlthan 

I- E,11 kaufn w* onfache Sww, 

G-n-

My!Toprosisib c wuamemj 
z A 

Visa and Masv'erCard accepted. A" I' 

For inquiries and order placement contact. 


Canada Mexico 
1-800-633-8487 95-210-717-0050 
Puerto Rico, Hispaniola, FAX: 95-21-717-2421and the Eastern Caribbean Europa, Middle East1-800-842-9107 and Africa
FAX. 809-792-6565 708-965-7600
Bahamas, Jamaica, and FAX: 708-965-7608the Cayman Islands Asia and the Pacific 

1-800-897-4786 510-638-1100 

FAX 305-592-9 658 FAX: 510-638-2582 

Central and South America305-591-2512 

FAX. 305-592-9458 


A8 

. 

Preserving ouOur entire catalog is printed with soy-based ink, whichIsa non-petroleum product. In addition, this colorsection and the index are prnted on recycled paper.!This catalog is recyclable, so when disposing of it, 
please do so with the environment m mindThe paper company that supplies the paper for thiscatalog is also committed to preserving our naturalresources At least two new trees are planted for every
tree they cut down. 

Energy Right products... 

Look for the 'Energy Right' symbol

first, then the lightning bolt,4"next
to the stock number throughout the
catalog They identify hundreds of reliable energyefficient products For example, only fluorescent lamps

with the highest energy saving ratings are dentified,even though all fluorescent lamps are more efficient
 
incandescent lamps
 

Grainger Is a Green Ughts Partner. 

- Green ights Partnerships(Environmental Protectionare sponsoredby the EPAShr posrd yterP 

Agency) The Green LightsProgram encourages American
corporations to install energy 
effictent lighting technologies 

U"o geared to save energy Wei OoW are proud to be one of Ut)oU S. corporations committed 
to conserving our natural 
resources 
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ook to Stokes Seeds 
for the best new varieties 

and all your favorites. 

a Royal Sluls B.V. 
a Sakata Seed 
a Takil 
a Sluls & Groot B.V. 
a Sun Seed 
zi Alf Christianson Seed Co. 
" Petoseed Company Inc. 

" Rogers NK 
" Other Leading 

Seed Bres.dars 

Stokes is your best source for the highest 
quality vegetable seed, whether you need film 
coated or pelleted All Stokes seed is tested for 
germination and vigor before it's packaged. 

No 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 right time and the right price! 

CALL TOLL FREE 
and talk io Mark Kaminski or Jim Cunning 

In MI OH PA NY

1-800-263-7233 
if caling from ME to GA MN to AR 

and all Siates in between

1-800-263-5733 
Elswhere, call 416-688-4300 

or Write Stokes Seeds 

Box 548 Buffalo NY 14240-0548
REOUEST YOUR FREE 1994 CATALOGI 

FOR SERVICE, QUALITY AND NEW VARIETIES, 
LOOK TO STOKES FOR THE BEST! 

For DeUls Ciecle No 26 on Postcard 
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Fig. Top: Air cit.-ulation in and around asolid load diectly on (he trailer floor. 

' id


.!_
 

•IfI g -

Un patron de carga para flulo de aire horizontal tue empleado en este 
contenedor refrigerado cargado con casitalupos. 

Figure 1 b. 

Fig. 2. Air circulation in a bottom-air circulation 
trailer. 

BEST AVAILABLE DOCUMENT 



Figure 3.
 

Un patron de carga en linea central es empleado para embarques de cargas 
unitaras de fresa:- en remolques con paredes laterales planas. Las fresas 
estan cubtertas con bolsas de plastico para tarimas e myectadas con una 
atmosfera modificada con altos noveles dioxido de carbono. Las tarimas estan 
apuntaladas una contra la otra por bolsas de aire inflables de papel kratt y con 
maderos. 

BEST AVAILABLE DOCUMENT 

Figure 4 .-- Pigeon hole pattern with channels in alternate layers and 
channels dow-n side wall. 
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O1VOt1 Switch 

Power S~iLdardSoulce Jurc, on Box 

Mia" Switch 

All el-cinrsal comoonenis should be pror.- Iv irounded 

and wiring Snould omvlv wish national and local electncal 
codes Consult a ic-osed electrician for mr1reinformation 
abouit how to imnlall an, components of the eleclrical
s$ir1em 

The Portacooler can be powered from ei '-r an electncalwall outlet or agasoline powered generati- The main 
electrical connecion from she poer source itssplit o therscsdtidual sriches From ihe iswiches Sherower Iravels toshe blorer and so tire air conditioner The Imp heaiers and
the tIiCrrtnOSlsi are ired from the Itmer Toe 'imer creases 
a defrost cycle b alernsain po-er from the compressorSOthe sinp healers I An enieral of Compteuor Shutdown 
time should be approxrmaselv 2 5minutes uin every 10 

m Iues)OnceThe cooler is assembled and she eleciocal compo 

enoehooked up mount the air I'low bulkhead \lount the
bulkhead wish blower dcischarge 'eole flun -ish the edge of 

tIhe blower discharge allow ine a 6 inch hirs return air gap
alone the floor 

All wood surfaces should be coated wish volvureshane 
and an all eiaher sealer soprolong she usetul equipment 
letandrd 
Whencomole ed the Portacooler wlll proeiide farmersand small marketers olh an ine%ensive a a to remove 

frild hea and prolong the shell life of their rus andvetsabts 

ElectrcalDagramUnited 

ON ThP 
EETIL A 

MET 

OFF 

A\ 

Anire---

strip heaters 

Fan 

General Mataenal Lit 

3 air conditioner 120(0 Biu 115 I
J ceninlugal bloiver 113hp 1210 elm I
=1 20 amp -all switch wish boxes and cosers 2 
:) 4bvS(i esterior AC 114in plvvood It

3 lumber 2 bs 3 in SIt long 30 
:1 lumber 2 b 4 in 12 (1 long 3-1 lumber 2 bv 6 in 8 t long
T! industrial wheels 5 in diameter 

I 
IJ industrial %heels 5 in diameter swiel 2 

3 dry wall screws 2 112 in long
3 dry wall scTews I in long 

lb1 
I lb 

Waler sealer I gal 
polyurethane coalingweather stripping I galI in wide roll I 

f insulation 2 I 4 be 8 t sheets 51|14 in plywood 4 in aide strips I2 It 
J door latch sliding bolt 
3 thermostat 115 V 16 amp remoe bulb 

2 
I 

J strap hinges screw fastened 3 in long 4a 
: lumber 2 be 10 in 4 It long I 

junction boe I
3 stnpheaters 150 watt Sin 115 V3 insulated wire 51 tl 
3 c€icle timer SPDT 115N' 0 amp I hour I 
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A Portable Ineiensive Farm Built Pecoo~e, 

From Shethoime of harve,, fils and eelable5 oee a nat 

ural decline in qualit% V.hen a produci is harvested held 
heat-he heal Ihat Sheproduct holds from the sun ;Ind out 
side lemperatute-is u uillv huth "hictt results in an
increased tale of respiraion and gtrealer detenoration T-is 
decrease ln qiialiit cinnol I e prevented but can be slowed 
bv rapid lemperature reduction ot precooling soon afier 
harpcstmin

Farmers And maikelers can proiec their ha-sested fruitsand vereiihles sucn at beties and oiher hign value crops
b bildine and usine itheir own portable precooler The 
Porraconler can easily be uiized b small farmers androadside marketers 

The desien os she PorlLnniler is simple It can be built 
wish ools commonlv found in mosdrill screwdriver circular saw workshops A hammerand a ew other construction 
essentials are she only tools needed for she project \lost ofshe materials can be found around she farm bought from a 
local hirdware slore or purchased from an equipment casalog A general hist of the maerials is on page 4 

The niaternal coil lot construction should be around 
20.0 (July 199" onces) Since an air couditioner IS the 

most expensive :omponent a used air conditioner will 
greally decrease 1e SI 200 imsal investment The initial 
coist can be expe:ro lobe re.rorered throut increased 

and profits tom a hieher qualIv product that has a
fIon~er shelf lfle 

The structure o the Poliaciiller is a basic .ood hame 
and plwood parr constructron se diaram on insidepages) The outsic dimensions ot Ihe Crole' are 4 feet hi, 

4 feel wide b feet lon T i-e trame is -aoe of 2 b% 
spiced 2 feel on tnrier excludine Shedoori-av and the ir 
condilioner spa-e The rimes are sheahes wish 114men 

T he ' rime and SheI ine are l3%coed usingr
I2 -.2-U inch and I dry wail s.ters rest': ivet-he precooler %i- Insularinch ihic. plaslic loam that his fii-bbetween the ra-! studs 

SAter[he frame a-d shearhiri steps are c-rmc'eed 
install Sheelecir-:al compone-is isee diaera-n on pate I)
The standard fur: ion ho poer s-riches .aiflr cycle
timer and indus "-1ltherms aimoinied on the 0Jiside of ibe conirol boNsnould hern wall neir the air cunoa0e Indust -tal the rmostat must be 
ito~ner ,n adju 

corenertedto the air conditioner replace mheexising the n 

siat \fount srln nzaiers usvr-s copper %ire so Ihat Ihe 
cont3cl Shecooari coils of "e 3 r conditioner Mount lh 
blnoverxon she tro-s inside %, I entered aose the air co
disioner so ihai i~e olower ds:.ziatte is 1: in:hc below ih 
inside celIhng 

USDA/A; IS is corcucting -inaltestsof the Poriacooler Identical coolers 
are located on farns in different 

States A oublcarionwill be releasedin early 7994 with information on 

precoohrg, corm pilation and analysis 

of the coeced data, grower com

analysis 

n 
The design constrlction and researchwas conducted by Joseph Anthony, Co.,71 Berey l;,/iam Craig and DanielP 

Schofer For further information contact USDA-Agncuitural Marketing Service-TUO D,stn-uron Setrirre Branch P 0 
Soo 96456 Wes,?rsrnon 0 C 20(00 6456 or call 12021 720 8357 or €3011 50"*:.5.4 



-Inside liner 42 lb 

Corrugated 
medium 33 lb 

Ousd 
O 

liner 69 lb 

Single wall corrugated 

Figure 1. 

Compresion. Estas cajas do melones no tienen suflclente fuerza para resistir 
mucho manipuleo y ol peso do los demas contenedoros encima. 

Figure 2. 
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Figure 3. 

A- A 

Impacto yvibraci6n. Estas calas do melonos so movieron durante *Itranoporte.Las cajas no tienen suficlente fuerza do compresl6n pars @Iapilamlentotraslapado quo so mplI6 para proporclonar suficlonto cIrculacl6n do aire 
entre Is cajas. 

Esparragos Qmpacados vertlicalmente en cajas do plancha do fbraImprognadas do cora, totalmente telescopiables con apertura pars permitlr Isventilacln del calor de Iarespiracl6n del producto. Una almohadllls hum da so encuentra en of fondo de Iacaja. 

Figure 4. 
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Figure 5. 

Caja totalmente telescoplable do margaritas gerbera. Cada tallo so pasa atraV6s de un agujero do un sost6n do plancha do fbra quo posterormente soengrapa a los lados do la caja. Los tallos son asegurados pot una abrazaderado espuma do pollestirono quo tambldn proporclona fuerza de compresi6n a la
caja cuando se apilm. 

1 ---20"- - 

3" dia. holes, both- ends 
BEST ANAILABI. EPO0CUM [NIy 

Full telescope design box with vent holes 

Figure 6. 



FRUIT & VEGETABLE, PACKING & PROCESSING EQUIPMENT
 
A. 
B. 
C. 
D. 
E. 
F. 

G. 
H. 

WATER DUMPER 
CONVEYORS 
OfAIN SIZt,
SORTING ROLLS 
CLEANERS 
WAX . L 
WASHER 
WATEH EUMINATOR 

1. WAXER
 
J. 
K. 

L 


M. 
N. 
0. 
P. 
9. 
A. 
S. 
T. 

NOT AlA DRMYER 
POWER TURNS 
COMPUTERIZED SIZER A 
COLOR SOtlINO 
TWO WAY BELT p 
TRAY PRCKER 
CARTON RLLER 
ELECTRONIC BAGGER c 
BIN RLLER 
ROUND TABLE 
GAG CONVEYOR 
BAG CLOSURES 

07078 731h STREET 

MICHIGAN ORCHARD SUPPLY 
SOUTH HAVEN, MICHIGAN 

o SOUTH H4AVEN. MICHIGAN 49090 PHONE (616) 637-1111 o (800) 637-6426 e FAX (616) 637-7419 
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Fruit/Vegetable Packing &
 
Procesing Equipment
 

COMPUTERIZED SIZER POWER TURNS 
HOT AIR DRYER COLOR SORTING 

WATERWAXERELIMINATOR J 
WASHIER 
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*SPEED-25 Feet per ooJ'~~ ~O5~-.. ~ ~ SDISTANCE Up to1,ooo Feet,'-
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HORIZONTAL POWER BELT CONVEYOR
 
CAPACITIES FROM 300 to 1300 LOS.-: - 1 

.BELT SPEED 60 FEET PER MINUTE -- ECONOMICAL . VERSATILE" -"
 

Modular construction-.can be added to for". .0QUIET e ATTRACTIVE '' .future expansion All units are shipped
partially assembled and are tlsed prior to - . - 

shipment.
'h4 n-l  . ,
 

b 1116 . INCLUDED IN PRICE 

".-. 
 L'
.'STANDARD SPECIFICATIONS 

-
L "
 

>--- " BELT:- Back friction Surfac PACKING"

PVC 120 TESTINGBED* 3% x 0G. hneframe with 14 GA. slider bed INSPECTING"oSORTING 

SUPPORTS§Afjustable legs 31" to 40 are *MOVING
Included inprice ASSEMBLY
 
MOTOR: Standard 1/3 HP.motor--...one direction) 230/460//60 - -

1 optional 115/1/60 add $8800 sTxO aoomis 
BELT SPEED: Standard 60 feet per minute 

, CONTROLS: Not Included-see options E mN O FORco¥1 TrCONVYOR- -
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pedy:i, wcuni 1303IM 1464.M0 1631.00 1010,00 21)00To haNdiI sna parts, acailns or 2510 O ft 15.110 171 O0i !8 200.u 2;Mm 23.00PS1' 20 ISi= 1870.00' 2117 252100. 2182.00UndI wopit o c ojpp, 35 1 00 , 2381M.001 27
Unt aqfe ihW~ umo 40' 

317 
194 1. 00, 257.0 30o&C 34MOD0 

Set S. No 18002M e 2"W014 0 MOW... 1o 4057,0031. -372600- 1.0000. 2331 250000 3421 408200. 478&00 
*1 4- | r !GREATER7 CAPACITIES OG,t n An t.,s- w ,,d,,
ONE DIRECTION END-DRIVE CONTROLS for230/460/3/60 conveyors

7682 48 
soADl
87 I "" 

ACITYAT? 1 I W TOCa OiowAL IMAGNETIC STARTER-On, directi orO 2=460i/60

if1 
-- _ volt conveyor NEMA I vrx wo tw Mo ..... 3.230 

__400 


Lbs.
1800H - In?25 12 1400 HI1 0M Volt PO71.0 onveyo1 sm.m... m s. . S74.00110b..575 Lbs. 112 211.00ISM H4 STON
3e ....IS H2.. V=7=, OVofsh~brl-on(OWnOFF/REVRSE)iit0ULSTRfo "WWI75034r in tot/6W4W .,a " 

Miu swi, fe iSll 
13 tW o MoMP. emsag-i ................... 58000ean00Nil Lv 2r10n0o Conyo , 38 

,Jw "OPTIONAL BELT SPEEDSTANARD0 FOR REVERSIBLE CONVEYORS OPTION
.wR uni iuu* 2.8 Ir, SI VAPfA3 .. CanNncx RAI0-I,mDLU? Wil'1 CENTER DRIVE iS REQUIRED/6J Mand a FPM. MUx. 22 FPM 'rotVI 3100axaLI?35~~ [Min sl~eed 16 FPM Maz 45 FPM I80IV 

lquc o. 
LU~ W 2l70 Oo i.it I WI)VARIADlLE SIEED 

P30l a 80C0 d 390400IbapaI I 2 / ItP 1800 COB2Add36001IMInt SpedISaga LMin FPM.laIaL36FPu 'ava'p 11 FPM aL 68 FPM 81050 F/4 HP 575 lbvg 1050 1 lOd cap 1800C083 Add 433.03 
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