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1

Progress

1.1 Activities in relation with planning last half year
The m a i n activities in the different tasks in the second half year of the Research phase were the
following:
1. Selection of products and markets
Conducting a full-scale test with QUEST-regular was not possible in October due to inadequate
product quality. The extreme weather during the summer made the average product unsuitable
for transport to the USA. Haluco shipped less than 20 containers in 2003, in 2002 it were over
200 containers.
2. Market introduction strategy
PON has decided that the market introduction research as described in the discussion document
'QUEST Selection of products and markets, and market introduction strategy, discussion
document', will proceed after one or more successful pilot-tests with QUEST-regular.
3. Predictive models
A model of the air distribution in sea containers carrying fruits and vegetables has been
constructed and validated. Different modes of operating have a clear influence on pressure and
speed in the different parts of the container. On the other hand, the stacking of the boxes on the
pallet will have an influence on the cooling of the product that is just as big. To make the
differences in cooling as low as possible it may also be wise to optimise air movement between
boxes. Next, models of the temperature distribution in steady state, and of the
temperature/humidity distribution were built. The temperature and humidity model currently
undergo testing. They will be validated with data collected in the pilots, when these become
available. Using the composite distributed model, we are studying the potential impact of e.g.
type of pallet, "openness" of the boxes, stowage pattern/height, inside ventilation rate and
outside temperature on the climate distribution and the temperatures of the cargo. In this way we
can ultimately predict the quality distribution of fruit and vegetables transported in reefer
containers.
The energy/controller model has been improved for 60Hz operation, as occurs in US and during
shipping and thermal inertia of the evaporator coil, which is of importance during off-period
during cycling. To validate the macroclimate model for Quest Regular operation, a test with a
loaded container is necessary. To avoid using perishable product, a reefer container was loaded
with containers filled with 10.000 litres of water and controlled with the QUEST regular
controller. The water was heated so that not only the product mass but also the product heat
production was simulated. Temperature sensors were placed on different spots divided over the
container volume. Important places for the sensors were the T-bar floor, the head space and
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against and between the water containers. To validate the model the heat transfer coefficient of
the water containers had to be measured separately. This experiment is currendy being
conducted. When the heat transfer coefficient is known, simulations can be made and compared
with the measurement data.
For the selected products it is being investigated if the cycling control regime is possible without
higher quality losses or higher quality variations compared to standard storage conditions. Results
for apple, pear, grapes, bell pepper and pine apple are that there are no disadvantages for the
product quality when the cycling control is used.
For QUEST Pro avocado ripening is investigated and modelled. First results on individual
product are promising.
4. Monitoring system
A feasibility study on the development of an ethylene is carried out by Lionix resulting in a
possibility to develop a sensor with the restriction that the right receptive layer is available.
The labscale monitoring system has been extended with a cooling unit. The setpoints for the
cooling unit are generated by the computer which controls the labscale monitoring system and
are sent directly to the cooling unit. The product container has been up-graded so that the liquid
from the cooling unit can flow around the container. Extra isolation has been used for minimum
energy loss. The labscale monitoring system is not fully operational yet, some small tests and
adjustments have to be made before the real test can begin.
5. Control system
Control parameters were determined for shipments with pineapple, pear, kiwi, orange and
banana, by using the macroclimate model. The required input-parameters, describing the
products and packages were determined and estimated. A large number of simulations were done
to determine the effect of Quest-regular, ventilation rates and circulation rates on the container
climate and energy usage.
For Quest-pro the ripening model requirements for the pro-controller were discussed with the
product experts. The controller can be designed when the ripening model has been made.
6. Practical guidelines
The discussion about the practical guidelines will be continued throughout the project. It will be
a summary of all knowledge which is important to work successfully with reefer containers. It
will proceed after one or more successful pilot-tests with QUEST-regular together with the
market introduction work because these two are closely related.
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7. Chain information and technology transfer
For the technical inventory the storage manager of every Greenery fruit-storage location has
collected the first information. Also every location is visited several times to evaluate this
information, collect missing information and to discuss possibilities for settings in the main
control unit.
Because of the large difference in the technical equipment (for example room dimensions,
capacity (air- and cooling-capacity) , cooling-medium, control system) at ever}' location and also
within the location between different cooling units a selection is made of a specific type of
storage room that is present at every location.
To interpret the impact of the cooling on the product several measurements have been started.
For example the product temperature at the coldest and warmest place within the room and
moisture loss numbers during the storage period give a good impression of the impact of the
cooling equipment on product.
With results in the technical and product comparison, and based on the discussions at several
locations the storage managers together with the technical service organisation have started
optimising their equipment. Some discussions have started between storage operators to use
experience from other locations. Main issue is the optimal use of the evaporator surface. It seems
that this optimisation will improve product quality and lower the energy use. Another issue is
optimising the defrost settings. At 2 locations both items has improved the product quality
(moisture loss) over the last 2 years. For the impact of these items for the energy use, calculations
will be made based on the reduction of the cooling hours.
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8. Testing and integration
Preparations were made for the full-scale test in real transport in February: a shipment of
pineapple from Panama to Holland. The above mentioned watertank test for the validation of
the macroclimate model was simultaneously used to test the controller and check the working of
the implemented controller and measurement devices. An industrial computer has been mounted
in the reefer container together with an energy measuring instrument. Due to reorganisation of
the Fyffes department for pineapple import, the pilot has been postponed.
1.2 Cost in relation with planning last half year
The costs realised in the period from 1 September 2003 to 1 March 2004 are €544.457 and the
requested subsidy is €289.817 . This is exclusive of the costs made by Frugi Venta and Carrier
Transicold Ltd. These expenses will be submitted in September 2004, after the next half-year
period. R&R Mechatronics has not made costs in this period.
In total approximately 20% of the total costs of the project has been realised. A&F has realised
approximately 25% of its total budget. It is expected that in the course of the project the relative
contribution of the companies to the project will increase.
1.3 Milestones next half year
The milestones for the next half-year are:
1. Market introduction strategy

• will proceed after successful pilot tests
2. Predictive models

• Quest Regular
- Extended research on setpoints
- Validation of macro climate model (watertanks and pilot)
- Temperature and humidity distribution network model & validation
- Microclimate model development & validation
- Linking of models
- Complete model simulations & conclusions
• Quest Pro:
- Respiration estimator
- Labscale setup
- Avocado experiments
- Avocado model
3. Monitoring system

• Labscale tests
• Feasibility study ethylene sensor
• Ripening models for controller
4. Control system

• Quest-regular control in the unit controller
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• Avocado controller
5. Chain information and technology transfer

• Inventory completed, indications for improvement, comparison with reefer
6. Testing and integration

• Pilots with pineapple and bell pepper
• Test Quest-pro lab scale (at A&F)

©Agrotechnology & Food Innovations B.V. Member of Wageningen UR

2

Results

2.1

Main results

2.1.1

Product research

Introduction

In the product research the work is divided in two tasks. Within QUEST Regular it is tested to
what extend the QUEST Regular cooling can be applied on different products. For QUEST Pro
a more advanced control system is under development, aiming at controlled ripening of the
product.
Objectives

After classification the product selection, based on storage temperature, ventilation needs, and
transport duration, had resulted earlier in the following products for QUEST Regular: apple, kiwi
fruit, grape, pear, avocado, orange, bell pepper, pineapple and banana. For these products a
specific set of experiments is set up in order to test their possibilities with a cycling controller.
QUEST Pro is an advanced control system, in which ripening is indicated by product response
(i.e. ethylene production or respiration rate) and can be controlled. The goal of QUEST Pro is to
investigate if avocado ripening as indicated by product response(s) can be controlled by
temperature. For this purpose experiments were designed to develop a model, which describes
ripening based on ethylene production, as function of temperature and storage time. To deliver
avocados in a required ripening stage, the model will control the climate conditions during
transport based on the monitored ethylene production.
Realisation

QUEST Regular
The use of the QUEST Regular controller leads to locations with sub-optimal conditions in the
load. The stowage - packaging - product combination determines which sub-optimal
temperatures will be present. This leads to the following experimental set-up. Every product is
subjected to at least the following treatments: i) normal storage temperature, ii) temperature
below the normal storage temperature (coolest location), iii) temperature above the normal
temperature (warmest location), iv) fluctuating temperature between certain boundaries. In these
treatments temperature refers to the temperature of the air around the product. After the storage
period the product's quality is examined. This is repeated after a shelf life period. The
temperatures in the experiments are based on expert knowledge and model simulations on
container scale. The model predicts the climate in the load, headspace and T-bar, based on
specific temperature ranges, package and product. From these values an estimate for the
fluctuations is made.
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During the past half year it was shown that for apple and pear the specific cycling leads to
significant differences in quality direcdy after storage. However, these are neutralised after the
shelf life periods. For pineapples application of cycling cooling during storage also leads to
significant differences in colour direcdy after storage: the product became more yellow. After
shelf life these differences could not be observed, as all the pineapples had reached the m a x i m u m
scale and were turning orange-brown. After storage above the normal temperature and after
cycling the pineapples showed significandy more glassiness on the outside as well as in the inside,
probably due to over-maturity of the product, as it was shipped before use in the experiment.
Low temperature problems (such as LTD, black spot, black rot, pink disease) were not observed.
For all products repetitions of the experiments are planned.
QUEST Pro
Fresh products can be divided in two groups, climacteric and non-climacteric fruits. Ripening of
the first group starts in the climacteric phase, which is characterised by an exponential increase in
ethylene production, often followed by an increase in respiration rate (Saltveit 1993, Bower et. al.
2002). Ethylene is a gaseous plant hormone, which triggers many ripening-related processes (i.e.
softening, colour, flavour and aroma development). In the climacteric phase ethylene production
is stimulated by its own production. Reducing ethylene levels/production (i.e. through controlled
atmosphere conditions, decreasing temperature, increased ventilation) can prevent ripening, but
at present it is unknown until how far into the climacteric phase this is effective.
Ethylene production of three avocado cultivars (Fuerte, Hass and Reed) was measured. Large
variations were found in ethylene production rates between individual fruits.
In a second experiment ethylene production of individual avocados (cv. Fuerte - Spain) were
monitored at various temperatures (6, 8, 10, 12 and 15°C; at 90-95% RH) during storage. The
goal of the experiment was to describe ethylene production as function of temperature and
storage time. Based on initial ethylene production avocados were divided in 3 ethylene
production classes (Low 0.6 - 1.0; Mediuml.5 - 1.8; High 2.0 - 6.0 pmol/kg.s at 6°C).
Large variation in maximum ethylene production, in total ethylene production during storage,
and in days to the climacteric rise in ethylene production was found between avocados in the
same class (Figure 2). No clear differences in the number of days to the climacteric rise in
ethylene production were observed between the 3 classes. However, in the high ethylene
production class the highest percentage of rot (9 out of 25) was observed, whereas in the lowest
ethylene production class no rot was detected.
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storage time (days)

Figure 2

Ethylene production (pmol/kg.s) of individual avocados from the 3 classes (with
initial high, medium and low ethylene production rates) during storage at 15°C and
90-95% RH. The closed symbols are avocados that became rot.

In Figure 3 the average ethylene production at various temperatures is shown during storage.
Ethylene production rates are dependent on temperature, storage time and ripening stage.

storage temperature (°C)

Figure 3

Batch ethylene production (pmol/kg.s) of avocados at various temperatures (6, 8, 10,
12 and 15°C) during storage.

At the start of the third experiment ethylene production rates of 360 individual avocados were
measured at 10.0°C. The frequency of initial ethylene production rate is shown in Figure 4. From
this batch 190 avocados (cv. Hass - Israel) were selected with an ethylene production between 3.6
and 15.4 pmol/kg.s. These avocados were randomised over 7 batches and stored for 13 days at
10.0°C (90-95% RH).
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Figure 4

Frequency of initial ethylene production rates (pmol/kg.s) of avocados (cv. Hass) at
10.0°C.

Ethylene production and ripening related quality parameters (colour, firmness measured by hand,
penetrometer firmness, weight loss, internal and external disorders) were monitored during
storage. Initial ethylene production levels were about 3-5 fold higher than in avocado cv. Fuerte
in experiment 2. The results indicate that ripening in this experiment occurred faster. The final
results will be used to correlate ethylene production of individual fruits to the their quality
parameters.
Further plans

The experiments for QUEST Regular will be continued and will be extended with new
knowledge on ways to enhance the use of the capacity of the cooling unit. Upon finishing all
experiments for QUEST Regular each class in the classification will be extended with settings for
the cycling regime control applicable to all products in the specific classes.
The continuation of the research within QUEST Pro will lead to a progress in a validated model
formulation of avocado ripening and insight in to what extend the ripening can be controlled by
temperature.
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2.1.2

Distribution model

Introduction
Air and temperature distribution in climate controlled sea containers are crucial to the quality
(distribution) of fruits and vegetables in long distance transportation. Climate distributions also
impact proper control, as representative setpoints are difficult to establish, the control behaviour
may be unstable and the greater part of the container is likely to be off set-point. The ability to
predict - and possibly correct - climate non-uniformities is therefore of great importance.
Method
We obtain the airflow distribution using a network-resistance model. In this network, all open
passages present underneath and between the stow of a fully loaded container are connected at
nodes, while flow resistance formulae yield the pressure drop over each passage. When these
equations are solved simultaneously, both the airflow and the pressure distribution are obtained.
Secondly we establish the temperature distribution, using the air distribution from the flow
model. The temperature model employs enthalpy balances around the nodes of the flowmodel
and appropriate heat transfer correlations in the flow passages (figure 5).
#«-

*h"
Pallet
+
load

35E
Figure 5

node

r

flow

Overview of the nodes, flow and heat and mass transfer in the network model

To validate and tune both models, validation measurements are required. For the flow model
these involved extensive static and dynamic (and hence velocity) pressure measurements in the Tbar floor, the palletspaces, the vertical air gaps and the headspace.
For the temperature model, representative stow and air temperatures (for selected pallets:
palletspace, stow and headspace) in a fully loaded container will be monitored during a trial run
involving tomatoes on the vine. Additionally, data from tests conducted during the previous
CEET-project, and extensive temperature measurements on melons made available by the
CSIRO-institute will be employed. To determine heat and mass transfer at the pallet level
separate measurements on different box types will be performed.
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Results
Full scale flow and pressure measurements were conducted in a container loaded with bell pepper
boxes. As product is unlikely to impact the air and pressure distribution in the case of such closed
boxes (all air passes around the boxes), the expensive use of product could be avoided.
At 14 locations in the length direction of the container static pressure and air velocity were
measured using custom built pitot tubes and a very accurate pressure differential sensor. At each
of these fourteen locations pressure and velocity were measured in five T-bar passages, in the
two channels in the left pallet row, and between the two pallet rows at mid-height of the
container. Additionally static pressures were determined at these axial locations in the right palletrow, on the left and right wall at mid-height, and at three locations in the headspace. For the
measurements in the T-bar and the headspace a dedicated sliding carriage and a rail-system were
employed. In all, 55 pitot tubes were constructed and the container was "wired" using 1200 m
high grade flexible tubing. For more information on the airflow and pressure experiments the
reader is referred to the section "Validation of the airflow model".
Using the measurements for 100% flowrate in the standard configuration, the airflow network
model could be tuned by setting the relative roughnesses of the flow passages to realistic values
(e.g. 0.015 for the relatively smooth T-bar passages, in contrast to 0.25 for some channels formed
by the stacked boxes). Figure 6 evidences the good match between model and measurements
(designated by "e") for the velocity in the T-bar floor and the pallet space at 100% flow.

50%
100%
50% e

50%
100%

- - - 50% e
100% e

100% e

Figure 6

Velocity in the T-bar (left) and in the pallet space (right)

The static pressure distribution in the T-bar, in the pallets and in the headspace for the 100%
flow also shows a good agreement (figure 7, left).
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However, the model shows its strength as it correcdy predicts velocities and pressure distribution
for conditions it has not been tuned to. This can be seen in figure 6, and in figure 7 (right) when
the flow rate is reduced to 50%. In spite of the uncertainty in the data, the approximate
definition of the flow geometry and the inevitable simplifications, the airflow model therefore
performs very satis factory.
In addition to the validation and tuning of the airflow model considerable progress has been
made in implementing and debugging the stationary temperature and temperature/humidity
models. Effort has already been put in the extension to unstationary temperature cases (e.g. pull
down). Currently a parametric model yielding through-flow and heat and mass-transfer properties
of a single palletstack is under development. To validate this single pallet model transient
temperature and humidity test have been conducted (please refer to section "Model for
temperature behaviour of pallets").
Future work
Future work includes the following:
•

Extension of the temperature/humidity model to unstationary cases,

•

Incorporation of the stack-correlations in all models,

•

Validation of the (un)stationary temperature/humidity models,

•

Performing case-studies to assess impact of various parameters (e.g. headspace dimensions,
box properties or outside temperature) on the temperature/humidity variability (and hence
quality distribution) in Reefer containers.
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2.1.3

Validation of the airflow network model

Introduction
The airflow in the reefer container has been modelled by a network model. This means that the
different physical variables are defined on a set of nodes throughout the container. Between these
nodes a certain airflow resistance is defined. In that way the airflow can be modelled without
using extraordinary amount of memory. In the airflow experiments the current network model is
validated by measuring static pressure on more than 200 places and velocities on over 100 places,
located in T-bars, palletspace, loadspace and headspace.
Below the most important results are presented.
The velocities are measured with pitot-tubes. The principle of these tubes is the usage of the
pressure difference between static and dynamic pressure to calculate the airspeed. Three different
modes have been measured: economy mode, normal mode and normal mode with covering the
end of t-bars and pallets.
In the container pallets with empty boxes are placed as a load. This will provide the same
resistance as a fully loaded container.
Results

Velocities
In the graph below some results of the airspeed measurements are presented. These results are
from the normal mode measurements, with the back ends of the t-bars covered (left) and without
covering (right).
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Air speed measurements in the container
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Speeds were measured in T-bars, palletspace and loadspace. The measurement in the loadspace
was conducted in the middle slit between the two rows of pallets in the vertical direction.

Pressure measurements
Besides the velocity measurements, also pressure measurements were conducted.
These results are also from the normal mode measurements. With covered (left) and not covered
(right) T-bars.
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12
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Figure 9

4

6
afstand tot inlaat (m)

Pressure measurements in the container

It can easily be seen that the covering of the back end of T-bars and pallets enlarges the pressure
differences between t-bars and headspace. This will benefit the flow through the back end of the
container.
Conclusions
After these measurements the following conclusions can be drawn:
•

Covering of the back end of the T-bars and pallets causes the shortcut-flow to diminish.

•

Also the pressure difference between T-bars and headspace becomes higher with covered Tbars. This pressure difference is the force behind the flow of air through the load. This flow
will become greater because of this.

•

The air in the palletspace only moves fully along with the air in the Tt-bars from the middle
of the container. In the first half of the container there is still a significant difference between
airspeed in T-bars and in palletspace.

•

The economy-mode (50%) appears to produce the same shape of pressure and airspeed
distributions as the normal mode.

Recapitulating, the different modes have a clear influence on pressure and speed in the different
parts of the container. On the other hand, the stacking of the boxes on the pallet probably will
have an influence on the cooling of the product that is just as big. To make the differences in
cooling as low as possible it may also be wise to leave space open between pallets and also
between the individual boxes.
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2.1.4

Modelfor temperature behaviour pallets

Comparison of different boxtypes
Introduction
During transport of pallets in a container, temperature fluctuations in the air will be passed on to
the temperature of the product itself. To get a better insight in temperature behaviour of the
product in a pallet stack and the degree of absorbing external fluctuations ki temperature, in this
experiment a pallet stack of apples will go through a number of temperature steps.
These temperature steps will be followed by the product, though with a delay in time. From the
different temperature profiles in time the heat transfer coefficient can be found. With help of this
parameter the degree of damping of the temperature fluctuations occurring in die Quest
container can be predicted.
Three different box types with apples are placed in the container on a pallet. The floor of the
container is covered with hardboard and the sides of the pallet are also covered to guide the air
through the pallet, just like the situation in a fully loaded container.
Results
The response of the product on a temperature will be a first order response according to theory.
This will look like the following equation:

With Ta the temperature of the apples, T, the temperature of the air under the pallet, T0 the
temperature on t=0 and 1/T the damping constant.
In the graph below the damping constants are shown as a function of the height in the pallet.
The three different box types are display boxes (blue), bell pepper boxes (pink) and bell pepper
boxes with closed side holes (yellow). It is quite clear there are no significant differences between
pink and yellow graphs. Both of them react slower to temperature steps than the display boxes.
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Conclusions
First of all it is clear that there are significant differences in damping between the different box
types. So heat transfer is dependent on the type of box.
Furthermore there is no difference caused by the closing of the side holes of the boxes.
This can be caused by two factors:
•

There is no or very litde air transport between the air inside and outside the boxes. Heat
transfer is done mainly by conduction. The air flowing around the box cools the box.

•

There is air exchange between air inside and outside the boxes, but it is only through the
holes in the bottom and in the cover of the boxes.

Which of these options is true, has to be checked in a follow up experiment. Tracer gases can be
used to see if there is any air exchange.

2.1.5

Update of Energy/ Controller model

In the last period the activities were oriented towards extension of the energy/controller model.
These extension encompass the following items:
- Extension of the model for 60Hz operation, as occurs in US and during shipping.
- Thermal inertia of the evaporator coil, which is of importance during off-period during cycling.

Conversion of the Energy model to 60Hz
Some elements in the model are dependent on the frequency of the power supply. These
elements are:
- evaporator fan,
- condensor fan,
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- compressor.
These effects will be described below.
Evaporatorfan

The fan speed is linear with the frequency ( O ~ f ), and the consumed power is linear with the
frequency cubed ( P~ ƒ3 ). The heat transfer coefficient at the air side of the evaporator coil will
change, as it is linear with the air flow velocity, and thus linear with the frequency. But this
relation has already been accounted for in the model. Hence, converting the evaporator fan
model to 60Hz, involves changing numbers, as listed in Table 1.
Frequency
(Hz)

Low fan
speed
Power (kW)

50
60

0.16
0.5

Table 1

Flow rate
(m3/s)

High fan
speed
Power (kW)

Flow rate
(m3/s)

0.55
0.65

1.0
1.8

1.1
1.29

Power consumption and flow rate of evaporator fan as function of power frequency

Condensorfan

Condensor fan motor also changes speed with frequency, and thus the power consumptionwhich is proportional with the frequency cubed. At full load, the power consumption is Pcfan max =
550W at 60Hz, and 320W at 50 Hz. The current model implementation holds only for part load,
where the condensor fan is switched on and off. The model assumes that the fan is on for 2/3 of
its time, and in the energy model the effective power consumption is taken to be: Pcfan max = 360W
at 60Hz, and 200W at 50Hz.

Compressor

The power consumption of the compressor Pcomp consists of a friction part Pfric and a pure work
part Pwork:
Pcomp — Pfric -f Pwork
For Pwork one can use the following correlation:
Pwork

= Psucf^R ( Yl

+rp)

Here psuct is the pressure at the suction line of the compressor, ®R is the volumetric displacement
of the refrigerant, and rp is the pressure ratio between discharge and suction pressure rp=pdis/psuct.
Regression analysis of manufacturers data (at 50 Hz) shows: Pfric = 600 W, Yi = 1.324, y 2~ 0.258.
Analysis of 60Hz data shows that both Pfric and Pwork are proportional with the compressor speed,

©Agrotechnology & Food Innovations B.V. Member of Wageningen UR

20

which is proportional with the applied mains frequency. Hence the parameters Pfnc, Y i and y 2 to
be rescaled with the ratio in frequency (by 60/50 Hz/Hz).
Condensor

It may be that the heat transfer coefficient of the condensor is different for the 60Hz case. With
the 60 Hz IPM model we have re-estimated the heat transfer coefficient, and have found
UAcond=453 W/K. This is a factor 2 lower than the value of 50Hz (UAcond=1048 W/K). At first
hand it is expected to be a bit higher. Hence, the 60Hz model has to be checked with
experimental data.
Thermal inertia of evaporator coil during cycling
During off-cycle we take the effect of the thermal capacity of the metal of the evaporator coil
into account. We assume that there is no liquid refrigerant left in the coil during the off cycle
(drains out).
According to manufacturers data the coil consists of 12.83 kg copper (cp=0.39 kJ/kg.K) and 10.8
kg aluminum (cp = 0.88 kJ/kg.K). Hence, the thermal capacity of the coil is: Ccoil = 14.5 kJ/K.
With an energy balance we compute the new value of the supply air temperature:
dQCoü/dt = Ohx + Omoist
<ï>hx = UA_E(Tcoü-Ta,r)
SUst = r.BA_E ( ccoü - cair )
Qcoii ~ O™] • TCOii
The overall heat transfer coefficient UA_E is the same as in the model for the running cooling
machine. T^ and cair are the incoming air temperature and humidity. ccoil is the saturation water
density at temperature Tcoi]. R is the latent heat of vaporisation. BA_E is related to UA_E via the
Lewis-relation.
This energy balance is integrated in the unitcontrol model, and uses fixed time step integration.
This is different from other differential equations in the model. This is done because this balance
equation only holds during the off-cycle, and therefore can not be implemented in the standard
way. The model has to be tested yet.

2.2 Difficulties and solutions
Product quality during the summer of 2003 did not meet the required standards for shipment to
the USA. For this reason the pilot shipment was postponed. Due to reorganisation in the Fyffes
the pilot shipment from Panama was postponed.
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2.3 Internal reports
The internal reports and presentations are available on request submitted to the project manager
R. van den Boogaard at A&F. For the participants of the projects some of these documents can
be addressed via the web-site of the project: http://www.ato.dlo.nl/quest/index.asp
Papers

—
—
—
—

Modelling temperature distribution in stacks (A&F)
Product simulations version 10 (A&F)
Validation airflow model (A&F)
Inventory monitoring system (A&F)

Presentations

—
—
—
—
—
—

General Progress, Management Meeting 25 September 2003
Energy consumption, Progress meeting 2 December 2003
Airflow & Temperature, Progress meeting 2 December 2003
Quest regular controller, Progress meeting 2 December 2003
General Progress, Management meeting 25 March 2004
Product quality research, Management meeting 25 March 2004

Reports

— Feasibility of Mach Zehnder interferometer sensor for detection of ethylene. R Heideman & M
Wehrmeyer, Lionix, 12 March 2004
2.4

External reports

Presentations

Validation airflow model at Food Science Australia, J. de Kramer
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