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L. 8. Martin of the National Association of Frozen Food
Packers, has stated, “Frozen foods and allied industries are
bnmmdlmofdoﬂwamywmmnyﬁnmwoduda
are reaching consumers in poor condition. This appalling fact s
evldamdfmmmmmkdrmchwhuhahow that marginal
quality iz a deterrent to further sales growth. Many homemakers
are nol regular users of frozen foods for this reason.’s*

Recent studies have demonstrated the importance of tem-
peratures for frozen foods that are not only low enough, but
that are maintained at reasonably steady levels. It is not
enough to hold an average of, say, 0 F, in a {rozen food vehicle;
it is important to limit the amplitude of the cyclic variation
80 that the product does not fluctuate more than a degree or
80 above the desired temperature during the warm period of
the cycle. The Agricultural Research Service of the USDA
has described the initial phase of these studies to determine
the time-temperature tolerance of perishable products.

The Association of Food and Drug Officials of the United
States has prepared a model code which outlines storage and
transportation temperature limits for frozen foods. As of
March, 1962, at least three states have adopted codes pat-
terned after this AFDOUS code. 4728

To satisfy these more rigid requirements, the primary tem-
perature control device for a refrigerated vehicle used for
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Accessory Equipment

Mechanical refrigerating systems with independent !.n&ma
require batteries for cranking, and fuel tanks and p:
if connection cannot be made to the vehicle fuel supply. Whe:a
liquefied petroleum fucls arc used in replaccable vessely, ihe
fuel tanks should be i in tandem with an automatic chnnge.oy"
valve with visible i ion 8o that repl t of the empty
vessel can be made at 8 convenient time. If a single per.
manent vessel is used it should be equipped with a clear indicp.
tion of the fuel reserve so that recharging can be scheduled,
Heavy-duty, weatherproof connections should be provided
for unite with electric motor standby, and the vehicle should
be equipped with a flexible power cable with the necessary
p to permit to the tional types of
power outlets. Indicating gages, lights, etc., which are pecul-
iar to any given system should beeasytounderst.snd and
should be readily visible from the operator's seat in the
vehicle cab. Where an electric generator is a part of the
system, some means for readily checking the operation of thig
generator should be furnished. Meters which indicate total
hours of opersting time are particularly useful in scheduling
preventive maintenance. Depending on the type of operation
of the vehicle, guards for the d ions for prot,

against tree branches, mcka, ete., should be provided. If the

evapomtor or fan mct.mn is zub;ecv. to damage from loading -

transporting perishable food products must be capable of
holdmg the vehxcle interior and cargo temperature at as near
to the as possible. The sensing element
ghould reflect cargo tempenmu-e

In addxtmn to the pnmary temperature control for the
CArgo Spac ] ref) need other con-
trol devma for safety and proper openmon High and low

or , guards should be installed.
CALCULATION OF COOLING LOADS
Cooperative studies 1 Juded bet

the

USDA, the Nations! Bureau of Standards and various in-

dustry gmups represent.ed by the Tmck Tl‘B.lleX Manufac-
, have

pressure controls perform the same function as for
equipment but must be able to function under wbmtwn For

compressors with pressure lubrication, oil p
either stop the compressor or pmvnde a wammg signal in the
event of failure of oil pressure. For engine driven equipment on
cydm operation, some form of limit contml of cranking time
is y to p: d to the nking motor or bat-
teries in the event that the engine fails to start. An automatic
choke is nmded to facilitate starting of combustion engines.
require a control means to
xmbat.e and terminate the defrost operation. One such system
uses a timing device which starts the defrost after a certain
. number of hours of umt opemhon the defrost is terminated
bya 1 on the part of the evap-
orator which is the last m heat up during the defrost. When
O.hl.s elemenf. is above 35 F, it switches the operation back to

The termi i feature can be incorporated in
systems whn:h are manually started on defrost. Many me-
syt designed for operation nt any cargo

space ture, md b

the
necessary for, say, —20 F evaporator, “would overload the
compressor drive at a higher evaporator temperature, various
means to prevent this overloadmg are provided. Themml ex-
pansion valves with a |
are used; crankcase pressure limiting valves are used and
also parhal unloading of the compressor. The type of contro!
system provided wili determine the balance between tem-

dard rating method

for {rij d trailers. Similar studxa for refrigerated trucka
are now in prog-rem in.cooperation with the Truck Body and
The trailer rating method developed

at the National Bureau of Standards is described in Markefing
Research Report No. 433.7

At Jeast one ial lab y, in Philadelphis, now
offers this rating service.’ -2

The mportance of testing refrigerated vehicles with the
interior and and bient humxdxty
about the same as would be experienced in actual use is dis-
cussed in AMS Report No. 250.% Fig. 6 shows a method de-
veloped by the Nationai Bureau of Standards for measuring
the heat gain of a refrigerated trailer under these test condi-
tions.® Another method has been suggested by Alteri.®

The need for standard heat transfer rating methods for
hmlers _and standard perf rating methods for re-
fr units was indicated by a parative study in
1956 of several commercial 35 ft tnnlem and their respective
mechanical refrigerating units. The study showed a variation
in total heat transfer of nearly.114 to 1 for the tmilers; in

" temperature pull-down time (a function of both unit and

trailer) of more than 3 to 1; and in refrigerating capacity of
more than 2 to 1 for the units.

Chieger discussed design and testing of refrigerated van
bodies.®

Although suitable standards are not in general use for rat-
ing the performance of all the various types of refrigerating

perature pull-down rate and engine loading dunng ling.
Allsysfemsmeqmppedmthsomemeanafor ing the

5y used for refri d trucks and trailers, the Aijr-
Conditioni Refrigerati has & s80-

adequacy of the refrigerant charge in the system, either a
sight glass in the liquid line, or trycocks on the receiver.
For additional information on controls, see Chapters 13
-and 36 of the 1961 Guibe AND Dara Boox.

tion dealing with this problem, and has issued ARI Szcmdani&
1110-59 and 1120-61, dealing respectively with speed-
governed and vnriable—speed transport refrigeration units
employing forced-circulation aircoolers.«- .

CHLLER REFRIGERATING  UNIT

saacs:  ATY TEMPERATURE OIFFERENCE OF BRME AcRoss TRALER
AaT2
Ars ® * RETWEEN m IN TRARLER

el tc2, ete. TEMPERATURE MEASUREMENT POINTS
() ELECTRIC HEATERS RATED IN BTU/HOUR

M

Fig. 6 .... Sch ic Diagrom of Calorimeter to
Heat Gain of Refrigerated Trailers

As indicated by these two standards, and until standard.
are available for all types of systems, the comparison of re-
frigerating units, for capacity, should be made on the basis
of net mfngerahng capscxty at specified conditions of air

and tor inlet, as for ex-
ample, 18000B0.u per hr at lmFsmbmntwmpenmrewd
oF f.mlex interior temperature.

It should be noted that such a unit also could be described
a8 havmg a capacity of l% tons, at these same ambient and
trailer & and is ly the iargest unit in
current production for this service. Advertising claims for
capacity ratings larger than this should be examined carefully
to determine the conditions under which the larger ratings
were obtained.

A refrigerating system should be specified for a particular
vehicle based on the net refrigerating capacity required at the
cooling unit in the vehicle, expressed in Btu per hr at the in-
tended trailer temperature and at the maximum design

ambiént temperature where the vehicle will be expected to.

operate.

Because long haul vehicles are subject to widely different
service load characteristics from vehicles used in local or retsil
ddxvery opem‘hon O.he two categunm present d1ﬁeren7. prob-

y refr

mpaclty o
Even within one of these categories or the other there is
wide variation in the types of operation. For example, a long
baul operator may require refrigeration only ore way and
carry dry freight on the back haul, or may carry frozen com-
modities and produce on alternate loads. A local delivery
Operation may be based entirely on customer order delivery
&3 opposed to selling from the f.ruck Es.cb md:vndual spp].lcs-
tion will determine the bi
ghxcle wexght umt type and capamy mlectwn Va.mblm to

d vehicle and-unit have
been listed by Strong.®
Two examples of vehicle heat gain are given. Rule-of-thumb
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values are used to approximate the heat transfer effect of
framing, air leakage, etc. The effect of framing members on
the heat transmission rate can be approximated by computa-
tion in many cases if the construction det.uls are known, but
such jons are not iy in use at the present
time. Some types of oonstructxun wﬂl certamly have more
heat

than

others. For example 8 trailer with meat rail supports in the

roof presents a different insulating problem than one which

does not require this facility. A retail vehicle with 50 stops in

an 8 to 10 hr daily schedul ts a different problem from

one wn-h, say, 10 major dehvenw in a 16 hr schedule. Various
have

Ty

hed the p in different ways.
Some manufacturers suggest adding 10 percent to the insula-
tion heat transmission to allow for increased heat leakage
through framing, others suggest 50 percent. Some suggest
that heavy service loads represent 100 percent added to the
total heat transmission, others 75 percent. It is known that
vehicles in motion increase in heat gain in proportion to the
amount of air leakage caused by the motion, and that the
effects of solar radiation are greater on a vehicle which is not
in motion. Heat gain through the floor of a vehicle in motion
is increased because of waste heat from the vehicle engine and
from radiation from the road surface. .

More information is needed on the effect of solar radiation,
air leakage and air exchange during door openings, before the
caleulation of cocling loads and the selection’ of refrigerating
unit eapacities can approach exactness. Current studies by the
National Bureau of Standards, U. 8. Department of Agncul-
ture, and the Truck Body and Eqmpment Association are in-
vestigating these variables. results indieate that
solar radiation can increase the cooling load of stationary
vehieles more than 15 pement for several hours dunng a bright
sunny day.

Many facty of refri ing units for trucks and
trailers have prepared rule-of-thumb charts, based on em-
pirieal information, showing the model of their respective
equipment which mey recommend for a particular installation
and the decision is influenced by data provided by the pur-
chaser dealing with specific operauon details.

Perhaps the largest uncertainty is the product load itself.
In some instances, the truck operator has been unJuxtly
criticised for failure to provide proper refrigerating equip- -
ment when the product was loaded at temperatures so0 high
that of p to the required de-
livery tempemwre was not possible during the length of the
haul, I reduction in product temperature is to be a part of
the hauling agreement, the unit must be selected accordingly,
and the rate for hauling adjusted. Trucking operators should
become thoroughly familiar with methods of checking product
temperature for their own protection against unwarranted
damageclmms {Guilfoy and Joh have described method:
for ch 4T} As an le, that
on s 24 hr haul, I{()O()Olbofleanbeefweretobedehvemdat
40 F, and pnesumably loaded dt 40 F, but were actually
loaded at 50 F. If the average truck heat gain during the
trip was 6000 Btu per hr including pull-down after loading,
the additional capacity required of the unit if the meat was
to be lowered 10 F, would be

30,000 X 0.77 X 10/24 = 8620 Btuh
Added to the truck heat gain of 6000 Btuh, the unit wou!d
then need & minimum capacity, with the space tem-

cargo
perature lower than the usual 40 F, of 15,620 Btuh.
Supposethxsmmthadbeenloadedst%Fmsteadof&OF




