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Multi-compartment multi-temperatur e equipment:
Transmitted by the German Gover nment

I nitial situation/Justification

1. The ATP agreement, signed in 1970, took intmactthe equipment which existed
on the market at that time. In the 1990s, manufacsubegan developing and selling multi-
temperature refrigeration units. This equipmentdésigned to maintain, for the same
insulated body, different temperatures in differi@sulated compartments.

2. The test stations tested this equipment witbregfce to the ATP. They measured the
refrigeration capacity as with mono-temperaturegefation units.

3. It became clear quite soon that if the globglacity is needed to dimension the
equipment as a whole, it is not sufficient to disien the different compartments and the
evaporators used for each of them. Manufacturedstest stations worked on a procedure
to test this equipment between 1994 and 1998. Tisy prepared a methodology to
dimension the multi-temperature equipment and aahofl the ATP certificate for this
equipment.

4. A first ATP amendment proposal was presented\Vi®.11 in 1997. A revised
version was presented to WP.11 in 1998.

5. Unfortunately, when the amendment was sent tee@wnents for final approval
there was no longer unanimity and although the motiehe ATP certificate for multi-
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temperature equipment was approved, the test puoeedind the dimensioning
methodology were rejected.

6. Since 1997, nearly all the multi-temperaturetsioin the market have been tested
following the procedure submitted to WP.11 in 198®re than 100 multi-temperature test
reports have been issued by three official ATPstesations for all the manufacturers
supplying the market. Several countries use thesgs tresults and apply the 1998
dimensioning methodology to deliver certificates fiaulti-temperature equipment. The test
methodology has proven its quality even if it coblel improved on some points. On the
other hand, the dimensioning method has shown siefects that needed to be corrected
without increasing its complexity.

7. Also since 1997, certain manufacturers, disisadisvith the procedure, have tried to
modify it but have never reached unanimity with ¢itleer manufacturers on their proposal.

8. In 2009, a new proposal was presented to WPot Imiulti-compartment multi-
temperature equipment. This proposal containectaneendments to the ATP:

« A list of specific terms and definitions for muttempartment and multi-temperature
units;

« A test methodology for multi-temperature refrigésatunits; and
» A method for dimensioning multi-compartment equipine

9. After being rejected by one country in WP.11s troposal was introduced by four
countries as a multilateral agreement within tlaenework of article 7 of ATP.

10. The current proposal is the result of commonrkwbetween members of
Transfrigoroute International and ATP test statidhis composed of three parts:

* A list of terms and definitions;
A test methodology for multi-temperature refrigéatunits; and
¢ A dimensioning methodology for multi-compartmentltatemperature equipment.

11.  As with mono-temperature equipment, the objecis to measure the capacity of a
refrigeration unit in order to verify that it isffigient to meet the capacity demand of the
body with a safety margin.

12.  The 1998 methodology and all the proposals rntaeteafter require:
» For each evaporator:
* The air flow measurement;
« For the different versions, 2 compartments or 3 gamnments:
* The measurement of:

- The nominal capacity of the unit with a set ofperators corresponding
to the number of compartments;

- The individual capacity of each evaporator;

- The useful capacity of a set of evaporators iiclg the smallest and the
largest.

¢ The calculation of the useful capacity of all thieey evaporators.

13.  The current methodology has proven in over te3@s that the interpolation of the
useful capacity is correct and possible and thatekt of one set is sufficient.
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14.  The procedure was not very clear on certaintppit is proposed to clarify them.
The presentation of the results on useful capacitas been improved over the years; it is
proposed to use a clearer presentation.

15. The 1998 methodology aimed to verify the capaai the unit to provide enough
power to the equipment as a whole and to each cameat.

16.  For each compartment the K value was considegieél to the global K value of the
equipment. The other rules of dimensioning werestirae as ATP mono-temperature rules.

17.  This methodology underestimated the refrigenademand of the compartment in
some configurations and operation modes. It coeddlt in insufficient capacities in some
cases. It was therefore preferable to upgradenbifiodology.

18. The main change concerns the calculation oh eammpartment's refrigeration

demand. The K value of the equipment as a wholenwillonger be used. The K value of
the compartments will be calculated with the meagdu¢ value of the body as a whole and
the specific K values of the internal dividing veall

19. In comparison to the proposal presented to \Wm12009, the calculation of
refrigeration demand and the remaining refrigetpitapacities in real multi-temperature
operation will be improved.

20. The refrigerating demands of all evaporaton$ lvé calculated for each individual
multi-temperature unit using the ATP class tempgest in each compartment. The
refrigerating demands, especially for deep frozesperators, will result in a lower level,
because the outside temperature of all compartmealé including the internal bulkheads
are no longer considered to be +30°C.

21. The calculated remaining useful refrigeratingpacities in multi-temperature
operation will rely on the real refrigerating derdasf each compartment.

22.  Lastly, the K coefficients of the internal biodads will be based on theoretical
evaluations taking into account also the boundéfacts such as heat transmission through
the floor, walls, roof, sealings, etc. Measuremeasitpartition wall K coefficients would
result in unacceptable uncertainties and expemseadnufacturers and transporters.

23. There is no need to change the certificate iInddhe only point concerning multi-
temperature equipment adopted in 1998 was for énéficate model. The changes to this
model adopted in 2009 and 2010 do not impact ontiHtewmhperature equipment.
ATP markings have to be adapted for multi-tempeea@iguipment.

24.  The proposal is divided into three parts:
* Terms and definitions;
» Test procedure and test report for multi-tempeeatafrigeration units;

« Dimensioning methodology for multi-compartment gouent equipped with multi-
temperature refrigeration units.

25.  The proposal specifies the different terms ss&ey to introduce multi-compartment
and multi-temperature equipment into ATP.

26. The test is carried out under the same comditias for mono-temperature
refrigeration unit tests. Each evaporator is ihstain a separate calorimeter. Air flow is
measured for each evaporator.

27.  Since several measurements are made on thegsamg the refrigeration capacity
for multi-temperature equipment is only measured &€ and -20 °C. The refrigeration
capacity test is divided as follows:
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» Nominal capacity measurement
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« also with other evaporators (No. 4, 5...) and
« for each of them the test will also be repeate@r@t
» Test of thefunctionality of the unit in multi-temper atur e oper ation
28.  The unit is operated in multi-temperature vaittonfiguration of 2 or 3 evaporators.
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29. These tests that are considered only as furatiests should be carried out for a
2-compartment or 3-compartment combination dependin the capacity of the tested
refrigeration unit. The effective remaining capgé#t measured in each given configuration
at -20 °C. All the tests are done in road and digmdode if applicable.
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30. The results of this test have to be compardtiedheoretical effective refrigeration
capacities of the unit in the given configuration.

31.  For certification, the dimensioning shall berieal out for each refrigerated multi-
temperature vehicle in the most unfavourable camut resulting in the maximum
refrigeration demand for each individual applicatio

» The worst case operating temperatures in the cdmpats;

* In the case of movable internal dividing walls, thest unfavourable position of the
internal walls for each compartment.

32. The temperatures to be considered for thesmilatibns are +30 °C outside the
vehicle, +20 °C in the unconditioned compartmenis 20 °C in the frozen compartments.
In the chilled compartments 0 and +12 °C both havee examined.

33. The K values of the internal bulkheads werecmeined by extensive, external
neutral calculation as shown in the table belowgabse the heat transfer through the
internal dividing walls depends not only on therthal conductivity of the insulation
material but to a large extent on boundary effékésheat transfer through the roof, floor,
sidewalls and sealings. Measurements of the K salfeinternal dividing walls are
extremely complex and expensive. Therefore nopestedure could be agreed.

Results of the K coefficient calculation for internal bulkheads of multi-temperature
vehicles

Total K coefficient

Foam Basic Boundary K coefficient for ATP

Inside floor thickness insulation effect insulation effect bulkhead agreed by TI

Partition type material mm W/mz2.K W/mz2.K Wim2.K Wim2.K

Fixed Alu 0.789 1.781 20
itudi 25 0.992

longitudinal - o p 0.152 1.144 15

Fixed Alu 1.326 1.948 20
40 0.622

transversal - op 0.662 1.326 15

Movable Alu 1.141 2.133 3.0
itudi 25 0.992

longitudinal - op 0.497 1.489 20

Movable Alu 1.767 2.389 3.2
40 0.622

transversal - op 1.085 1.767 2.6

34. The K coefficients of movable bulkheads as edjfgy Tl include a safety margin for
specific ageing and unavoidable thermal leakages.

35.  For specific designs with additional heat tfansaused by additional thermal
bridges compared to a standard design, the partticoefficient has to be increased.

36. For the determination of the effective refragerg capacity remaining in multi-
temperature operation for all evaporators in thdethand frozen compartments a simple
calculation method is applied. This calculation moet was approved by the TI working
group and can be used for all individual configiarag of multi-temperature vehicles.

37.  For the determination of the maximum refrigeratdemand of multi-temperature
vehicles and the remaining refrigerating capacitiesulti-temperature refrigeration units
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in real multi-temperature operation, Transfrigoeutternational will set up a calculation
tool in cooperation with ATP test stations.

38.  Concerning refrigeration units, the new versiinthe test procedure does not
change the volume and the duration of the tests.t@$t reports will be simplified.

39. The new dimensioning method could change theedsioning of certain types of
equipment. These changes will only have a posithact on the safety of the equipment.

40. There is no economic impact of this proposaltests because the number and
duration of tests is the same or less than in tineent procedure.

41.  The impact on the equipment’s price is neglefior the most part. For equipment
which is inadequately dimensioned, the improvenwérgerformance and the reduction of
risk will compensate for the possible extra cogthefnew dimensioning.

Proposal

It is proposed to add a new section 8 to Annexgdpekdix 2 of ATP as follows:

"8. PROCEDURE FOR MEASURING THE CAPACITY OF MECHAGIAL MULTI-
TEMPERATURE REFRIGERATION UNITS AND DIMENSIONING MLTI-
COMPARTMENT EQUIPMENT

8.1 Definitions

(@  Multi-compartment equipment: Equipment withotwor more insulated
compartments for maintaining a different tempemioreach compartment;

(b) Multi-temperature mechanical refrigeration turiechanical refrigeration
unit with compressor and common suction inlet, emsgér and two or more
evaporators set at different temperatures in théows. compartments of multi-
compartment equipment;

(c)  Host unit: Refrigeration unit with or withoah integral evaporator;

(d)  Unconditioned compartment: a compartment aw®reid to have no
evaporator or for which the evaporator is inacfimethe purposes of dimensioning
calculations and certification;

(e)  Multi-temperature operation: Operation of altiremperature mechanical
refrigeration unit with two or more evaporators Kging at different temperatures in
multi-compartment equipment;

(f) Nominal refrigerating capacity: Maximum refeigating capacity of the
refrigeration unit in mono-temperature operatiorthwiwo or three evaporators
operating simultaneously at the same temperature;

(9) Individual refrigerating capacity {Reva): The maximum refrigerating
capacity of each evaporator in solo operation withhost unit;

(h) Effective refrigerating capacity {Bio.en evap: The refrigerating capacity
available to the lowest temperature evaporator wiaen or more evaporators are
each operating in multi-temperature mode, as pitestin paragraph 8.3.5;
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8.2. Test procedurefor multi-temperature mechanical refrigeration units

8.2.1 _General procedure
The test procedure shall be as defined in annapgdgndix 2, section 4.

The host unit shall be tested in combination wiitfedent evaporators. Each evaporator
shall be tested on a separate calorimeter, if eguiplie.

The nominal refrigerating capacity of the host unitmono-temperature operation, as
prescribed in paragraph 8.2.2, shall be measurédansingle combination of two or three
evaporators including the smallest and largest.

The individual refrigerating capacity shall be m&asl for all evaporators, each in mono-
temperature operation with the host unit, as pilesdrin paragraph 8.2.3.

This test shall be conducted with two or three evajors including the smallest, the largest
and, if necessary, a mid-sized evaporator.

If the multi-temperature unit can be operated witbre than two evaporators:

« The host unit shall be tested with a combinationthoée evaporators: the smallest,
the largest and a mid-sized evaporator.

« In addition, on demand of the manufacturer, thet lnog can be tested optionally
with a combination of two evaporators: the largesd smallest.

The tests are done in independent mode and stand by

8.2.2. Determination of the nominal refrigeratirapacity of the host unit

The nominal refrigerating capacity of the host unithono-temperature operation shall be
measured with a single combination of two or theeaporators operating simultaneously at
the same temperature. This test shall be condatte2D°C and at 0°C.

The air inlet temperature of the host unit shaliH38°C.
The nominal refrigerating capacity at -10°C shalldalculated by linear interpolation from
the capacities at -20°C and 0°C.

8.2.3. Determination of the individual refrigeragioapacity of each evaporator

The individual refrigerating capacity of each evigtor shall be measured in solo operation
with the host unit. The test shall be conductee2@tC and 0°C. The air inlet temperature
of the refrigeration unit shall be +30°C.

The individual refrigerating capacity at -10°C dhaé calculated by linear interpolation
from the capacities at 0° C and -20°C.

8.2.4. Test of the remaining effective refrigergtdapacities of a set of evaporators in
multi-temperature operation at a reference hest lo

The remaining effective refrigerating capacity sha measured for each tested evaporator
at -20°C with the other evaporator(s) operatingeunzbntrol of a thermostat set at 0 °C
with a reference heat load of 20% of the individredtigerating capacity at -20 °C of the
evaporator in question. The air inlet temperattird® host unit shall be +30 °C.

For multi-temperature refrigeration units with mahan one compressor such as cascade
systems or units with two stage compression systesmsre the refrigerating capacities can
be simultaneously maintained in the frozen andedhitompartments, the measurement of
the effective refrigerating capacity, shall be dahene additional heat load.
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8.3. Dimensioning and certification of refrigerated multi-temperature equipment

8.3.1 _General procedure

The refrigerating capacity demand of multi-tempematequipment shall be based on the
refrigerating capacity demand of mono-temperatuyaignent as defined in annex 1,
appendix 2 of ATP.

For multi-compartment equipment, a K coefficierddehan or equal to 0.40 W/m2.K for
the outer body as a whole shall be approved inrdeome with annex 1, appendix 2,
subsection 2 to 2.2 of ATP.

The insulation capacities of the outer body walllalisbe calculated using the K coefficient
of the body approved in accordance with the ATRe Tisulation capacities of the internal
dividing walls shall be calculated using the K dméénts in the table in paragraph 8.3.7.

For issuance of an ATP certificate:

« The nominal refrigerating capacity of the multi-{genature refrigeration unit shall
be at least equal to the heat loss through theniatelividing and outer body walls
of the equipment as a whole multiplied by the fadt5 as specified in annex 1,
appendix 2, paragraph 3.2.6 of ATP.

* In each compartment, the calculated remaining gffecefrigerating capacity at the
lowest temperature of each evaporator in multi-terafure operation shall be
greater than or equal to the maximum refrigeratemand of the compartment in
the most unfavourable conditions, as prescribegaragraphs 8.3.5 and 8.3.6,
multiplied by the factor 1.75 as specified in anrigxappendix 2, paragraph 3.2.6
of ATP.

8.3.2 _Conformity of the entire body

The outer body shall have a K value<t0.40 W/n?.K.
The internal surface of the body shall not varynyre than 20 %.
The equipment shall conform to:

Promina™> 1.75 * Kyody * Spoay * AT
Where:

* Phominal IS the nominal refrigerating capacity of the mudtmperature refrigeration
unit,

* Kpoayis the K value of the outer body,

* Syoay IS the internal surface of the full body,

AT is the difference in temperature between outaitttinside the body.

8.3.3 _Determination of the refrigerating demandhifled evaporators

With the bulkheads in given positions, the refragerg capacity demand of each chilled
evaporator is calculated as follows:

Peniled demand™ (Sehilted-comp— ZSbuik) * Koody® AText + Z (Soui™ Kpui® ATing)
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Where:
* Kpodyis the K value given by an ATP test report for tluter body,

* Schiled-comp IS the surface of the chilled compartment for ¢ixeen positions of the
bulkheads,

* S,k are the surfaces of the bulkheads,
* Kpuik are the K values of the bulkheads given by thietatbparagraph 8.3.7,

e ATey is the difference in temperatures between thdechitompartment and +30°C
outside the body,

* ATy is the difference in temperatures between thdechitompartment and other
compartments. For unconditioned compartments a eesyre of +20°C shall be
used for calculations.

8.3.4 Determination of the refrigerating demandrofen compartments

With the bulkheads in given positions, the refregarg capacity demand of each frozen
compartment is calculated as follows:

I:)frozen demand— (Sfrozen-comp_ z:Soulk) * Kbody* AText +X (Soulk* K bulk* ATint)
Where:
* Kyoayis the K value given by an ATP test report for thger body,

* Siozen-comp IS the surface of the frozen compartment for therm positions of the
bulkheads,

* S,uk are the surfaces of the bulkheads,
* Kpuk are the K values of the bulkheads given by théetatbparagraph 8.3.7,

* ATy is the difference in temperatures between theefiammpartment and +30 °C
outside the body,

e ATy is the difference in temperatures between theefiozompartment and other
compartments. For insulated compartments a temperaf +20°C shall be used for
calculations.

8.3.5 Determination of the effective refrigeratapacity of frozen evaporators

The effective refrigerating capacity, in given pisis of the bulkheads, is calculated as
follows:

Peff-frozen-evap: md-frozen-evap* [1 -X (Peff-chilled-evap/ l:)ind-chilled-evaa]
Where:

* Peii.rozen-evapiS the effective refrigerating capacity of the fozevaporator with a
given configuration,

* Pid-rozen-evap IS the individual refrigeration capacity of theoZien evaporator at
-20 °C,

* Perrchilea-evap IS the effective refrigeration capacity of eachlledi evaporator in the
given configuration as defined in paragraph 8.3.6,

* Pid-chiled-evap IS the individual refrigerating capacity at -20 f6r each chilled
evaporator.
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This calculation method is only approved for mtétinperature mechanical refrigeration
units with a single one-stage compressor. For rtemtiperature refrigeration units with
more than one compressor such as cascade systemmitmwith two stage compression
systems, where the refrigerating capacities casirbeltaneously maintained in the frozen
and the chilled compartments, this calculation métbhall not be used, because it will lead
to an underestimation of the effective refrigergticapacities. For this equipment, the
effective refrigerating capacities shall be intéaped between the effective refrigerating
capacities measured with two different heat loagergin the tests reports as prescribed
in 8.2.4.

8.3.6 _Conformity declaration

The equipment is declared in conformity in multinfgerature if, for each position of the
bulkheads, and each distribution of temperatutbércompartments:

Peff-frozen-evapz 175~ I:¥rozen demand

*
Peff-(:hilled-evap > 1.75 P<:hi||ed demand

Where:

oii-rozen-evap 1S the effective refrigeration capacity of the siolered frozen
evaporator at the class temperature of the compaittin the given configuration,

efi-chiled-evap 1S the effective refrigeration capacity of the siolered chilled
evaporator at the class temperature of the compattm the given configuration,

* Prozen demand 1S the refrigerating demand of the considered aonpent at the class
temperature of the compartment in the given coméiion as calculated according
to 8.3.4,

* Pehiled demand 1S the refrigerating demand of the considered amtngent at the class
temperature of the compartment in the given coméigon as calculated according
to0 8.3.3.

It shall be considered that all the positions @& bulkheads have been dimensioned if the
wall positions from the smallest to the largest paniment sizes are checked by iterative
methods whereby no input step change in surfaceiamgreater than 20 %.

8.3.7 Internal dividing walls

Thermal losses through internal dividing walls sh&l calculated using the K coefficients
in the following table.

Minimum foam

K coefficient — [W/m2.K] thickness
Fixed Removable [mm]
Longitudinal — alu floor 2.0 3.0
Longitudinal — GRP floor 15 2.0 25
Transversal — alu floor 2.0 3.2 40
Transversal — GRP floor 15 2.6 40

K coefficients of movable dividing walls includesafety margin for specific ageing and
unavoidable thermal leakages.

For specific designs with additional heat transfaused by additional thermal bridges
compared to a standard design, the partition Kfwierfit shall be increased.




