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INTRODUCTION

The maintenance of potatoes at
temperatures conducive to good tuber
quality is one of the major considerations
of potato storage. During most of the
storage period heat must be removed
from the structure to maintain proper
temperatures. The heat removed is mainly
from two sources, the field heat of the
potatoes and the heat of respiration.
Other minor sources of heat include that
which is transferred through the walls and
roof, outside air infiltration, and miscel
laneous sources such as electric motors,
tractors and trucks.

For satisfactory long-term storage, it is
necessary that the storage environment be
kept at critical levels of temperature and
relative humidity (6, 7). However, when
potatoes are first placed in storage it is
well to stimulate wound healing of the
tubers. This interval, 10-14 days, required
for wound healing is known as the suberi-
zation period. Growth of the new skin or
periderm is hastened when the potatoes
are held at 20°C or higher and very high
humidity is maintained in the storage.
After this preliminary period, the
potatoes are cooled to their holding
temperature.

Loss of weight and volume of stored
potatoes may be regarded as falling into
two main categories: (i) natural, loss due
to respiration, evaporation, etc.; and
(ii) pathological, loss due to bacterial and
fungus disease and physiological break
down. Losses in the pathological category
will vary from year to year, depending
upon the incidence of rot organisms and
various other factors. As pointed out by
Wilson and Boyd (8), losses from patho
logical causes can generally be controlled
or reduced by applying known methods.
Loss in weight due to respiration is very
small in comparison to the loss in weight
caused by evaporation of water. Smith
(5) reported that in common storage
during a 7-mo period shrinkage from
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respiration was only 0.51%, whereas from
transpiration the shrinkage was 5.71%.
Knudsen (2) stated that the loss of dry
matter, nearly all as carbon, by respira
tion, amounted to about 0.07% of the
stored weight per month. This was much
less than loss by the evaporation of water.

Much of the cumulative weight loss at
the end of the storage period due to
moisture loss from the potatoes occurs
during the 1st weeks or even days after
harvest (4). Moisture loss is high not only
because the skin is very thin and per
meable to water, but also because of the
cuts and bruises which are inevitably
present as a result of harvesting and
transportation. The tuber's susceptibility
to moisture loss during the initial storage
period indicates that the rate of loss
during the temperature draw-down period
is very important with regard to tuber
quality. The objective of the study
reported in this paper was to determine
the effect of ventilation rate on cooling
time and moisture loss during the initial
cooling period and later during the hold
ing period by means of a computer
simulation model.

PUBLISHED WEIGHT LOSS

ESTIMATES

Moisture loss from tubers during the
storage period has been investigated by
several researchers. Burton (1) found it
possible to express the rate of evapora
tion from tubers during continuous venti
lation, after the 1st few weeks when the
wounds in the skin were healed, in the
form

dwt

dt '
(1.2+0.65) VPD 10~ (1)

where

wt =

S =

VPD =

weight loss per unit of tuber (kg
vapor/kg tuber);
percentage by weight of sprouts;
water-vapor pressure deficit of the air
surrounding the tubers (mm Hg);
time (h).

For the 1st 2 wk after harvest, a coeffi
cient of 4.2 should be used instead of 1.2.

Schippers (4) also suggested that the
percentage weight loss due to moisture
removed from the tubers is related to the
product of vapor pressure deficit, expres
sed in millimeters mercury, and the dura
tion of storage in weeks. Shortly after
harvest, the regression coefficient was
found to range from 0.7 to 0.9 which
corresponds to a weight loss of approxi
mately 0.05 mg/cm2/mm hg/h. A regres
sion coefficient of 0.125 was needed to

estimate weight losses after several weeks
of storage. The coefficient was found to
be dependent on the maturity of the
tuber.

Schaper (3) indicated that no linear
relationship between vapor pressure or
temperature and weight loss was apparent
in his study. He also suggested that the
relationship was at least partially time-
dependent.

More recently, Misenera determined
that the rate of moisture loss from

Kennebec potato tubers during the initial
storage period could be described by the
equation

dwt _ 0.3 (VPD)059 10"
dt (O035

(2)

Equation (1) was used to determine
moisture loss during the holding period
whereas equation (2) was used to describe
the phenomena during the initial cooling
period.

THE COOLING MODEL

By using weather data as an input to
computer programs developed to simulate
heat and mass transfer during the ventila
tion of potatoes, the time for cooling,
expected moisture loss and final potato
temperatures can be determined. The
simulation models can be used to deter

mine the effects on the cooling pheno
mena of many variables including depth
of potatoes, initial potato temperature,

a Misener, G.C. 1973. Simulated cooling of
potatoes. Unpublished Ph.D. Thesis, Univer
sity of Illinois.
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temperature and relative humidity of the
supplied air and ventilation rate.

The cooling model developed by
Misener3 was utilized during the study to
determine cooling time and moisture loss
at various ventilation rates. Essentially
the model consists of a set of heat and

mass balances written for a single iso
thermal layer of potatoes to obtain equa
tions describing the product temperature,
the air temperature and specific humid
ity, and the moisture loss during the
cooling process. The model utilizes a
finite difference method to determine the
cooling and drying performed on a deep
bed of potatoes. A complete description
of the model is available in the thesisa.

Modifications to the original program
were necessary to accommodate the mix
ing of the fresh and storage air. When the
outside air is too cold to use alone for
cooling, the ventilating air is mixed with
the recirculating air. A heat balance is
necessary to determine the ratio, X, of
fresh air to the total supply air.

MaCpmixTmix -X(MaCpiTi) -
(1 - X)(MaCpsTs) =0

where

(3)

Ma = weight of air (kg);
Cpmix ~ specific heat of mixed air (J/kg°C);
Tmix = temperature of mixed air (°C);

= specific heat of ambient air (J/kg°C);
= temperature of ambient air (°C);
= specific heat of storage air (J/kg°C);
= temperature of storage air (°C).

Ti

Cps
Ts

Once the fresh air to total air ratio is
known, the new absolute humidity of the
ventilation air can be determined.

PROCEDURE

Model Validation

To test the simulation model, experi
mental tests were carried out with labora
tory equipment. The model describing
the initial cooling of the potatoes was
verified by Misenera during the develop
mental stages. During the present study,
it was of interest to determine the
accuracy of the model for describing the
cooling of potatoes that had been in
storage for 2 mo. Equation (1) was used
to describe the mass transfer during this
portion of the study.

A 2.4-m deep bed of potatoes was
subjected to an air flow with velocity of
1.3 m/min. Both the air and potato
temperatures were measured using
copper-constantan thermocouples

connected to a Bristol multipoint record
er. The thermocouples were mounted in
the bed in order that the temperatures of
the air and tubers could be sensed every
0.15 m of depth. The temperature of the
tubers was determined by inserting the
thermocouple into the center of the
tuber. The ventilation air was supplied by
an Aminco-Aire unit. The conditions

under which the bed of potatoes was
cooled were inputted to the computer
model in order that temperature gradients
in the bed of potatoes could be calcu
lated. A comparison was then made
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Figure 1. Comparison of actual and simulated
temperature gradient in a bed of
potatoes after 24 h cooling (initial
potato temperature 16.7°C; air flow
1.3 m/min).
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Figure 2. Comparison of actual and simulated
temperature gradient in a bed of
potatoes after 86 h cooling (initial
potato temperature 16.7°C; air flow
1.3 m/min).
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between the experimental and calculated
values.

Simulations Using Weather Data

Weather data were obtained from the

Atmospheric Environment Services,
Toronto, Ontario. The data describe a
5-yr period, 1967-1971, inclusive for
Fredericton, New Brunswick. Hourly
observations of the dry-bulb temperature
and relative humidity were recorded on
magnetic tape. The average hourly
dry-bulb temperature and relative humid-
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Figure 3. Simulated temperature gradients in a
bed of potatoes (air flow 1.56
m/min, initial potatoe temperature
18.3°C, and cooling period Novem
ber 1-15).
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Figure 4. Simulated cooling times for a 4.8-m
(16-ft) deep bed of potatoes with
various air flow rates (cooling period
November 1-15); initial potato tem
perature 18.3°C).
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Figure 5. Simulated moisture loss from a 4.8-m
(16-ft) deep bed of potatoes with
various air flow rates (cooling period
November 1-15; initial potato
temperature 18.3°C).

_«_ 4.5°C FINAL POTATO TEMPERATURE
-•- 7.2°C FINAL POTATO TEMPERATURE

AIR VELOCITY (m/min)

Figure 6. Simulated cooling times for a 4.8-m
(16-ft) deep bed of potatoes with
various air flow rates (cooling period
December 1-15; initial potato
temperature 12.8°C).

Figure 7.
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MR VELOCITY (m/min)

Simulated moisture loss from a 4.8-m
(16-ft) deep bed of potatoes with
various air flow rates (cooling period
is December 1-15; initial potato
temperature 12.8°C).

ity were calculated for the periods
November 1-15 and December 1-15,
1967-1971. These values were used to

supply the hourly weather data required
for the cooling model. Although the
actual temperatures for any given yeafr
never follow these profiles exactly, the
averaged values do give a good indication
of what can be expected.

Simulations were carried out for a

4.8-m (16-ft) deep bed of potatoes ex
posed to air flows varying from 0.52 to
5.75 m/min. The simulation was done
using the average hourly ambient temper
atures and relative humidities calculated

for the periods November 1-15 and
December 1-15. Temperature profiles of
the deep bed of potatoes were deter
mined, as well as cumulative moisture loss
from the potatoes.

RESULTS AND DISCUSSION

Model Validation

The temperature gradients within a
bed of potatoes were measured during the
cooling period with an air flow of 1.3
m/min. Temperature distributions were
predicted by simulated cooling of
potatoes under similar conditions. Figures
1 and 2 depict the degree of agreement
between experimental and simulated
values. It is apparent from Figures 1 and
2 that reasonable agreement exists
between the two sets of values.

Simulations Using Weather Data

Figure 3 shows the predicted tempera
ture distribution in a 4.8-m (16-ft) deep
bed of potatoes as cooling progresses.
Eighty-six hours are required to cool the
mass of potatoes from 18.3 C to 7.2 C
with an air flow of 1.56 m/min. It is of
interest to note that although the mini
mum cooling air temperature is 6.7 C,
the potatoes do cool to 5.8°C because of
evaporative cooling.

Simulated cooling times during
November 1-15 for the 4.8-m (16-ft) deep
bed of potatoes are depicted in Figure 4.
The values presented include the time
when the cooling fan was not operating
because of high ambient temperatures.
The actual hours that the cooling fan
operated are also presented. The warm
ambient air conditions during this period
caused the cooling time to be extended
considerably when cooling the potatoes
to4.5°C.

The simulated moisture loss from the
potatoes during this initial cooling period,
November 1-15, ranged from 0.016 kg/kg
of potatoes down to 0.009 kg/kg (Figure

5). The results indicate the importance of
ventilation rate with regard to mass trans
fer. High moisture losses correspond to
the low air flows as indicated in Figure 5.

A similar trend was apparent from the
study using the weather data for
December 1-15. Cooling time and
moisture loss (Figures 6 and 7) both
increased at the lower air flows. The
results stress the point that in order to
reduce the temperature of the entire bed
of potatoes, the ventilation must con
tinue over several hours. This should be
taken into consideration when planning a
time schedule for the ventilation of
potatoes during the holding period.

SUMMARY

The ventilation of potatoes with
ambient air was simulated using a
computer model based on the finite
difference method. Heat and mass trans
fer between the potatoes and cooling
medium can be predicted for various
ambient conditions.

Weather data for Fredericton, New
Brunswick were supplied to the model in
order that the effect of ventilation rate
on cooling time and moisture loss could
be studied. Low air flows resulted in
increased cooling time and moisture loss
during both the initial cooling period and
the holding period. Cooling times and
moisture loss are presented in the paper
for the various air flows and cooling
periods.
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