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INTRODICTICN

As educational levels rise and affluence grous
througnous the world so does the desire for more
rubrisionz2l fresh foods in ever increasing quantities
end vzrieties. In addition, as the developing coun-
tries increase agricultural productlvity bezyond local
@znand, new nmerkets are sought. A clear cut need has
therefore arisen for a means to transport perishable
conzodities from distant lands to the market place.
Convérntionzl refrigeration transport, and even the
nodern controlled atmosphere refrigerated storage at

reducsd oxygen partial pressures, in most cases, are
rot ebie to prevent spoilage for the extendsd periods
requirad. Air freight is limited on a cost and vol-
ure basis. A viable alternative to air tranmsportation
vhich ras dermonstrated long term storaze capabllity is
th2 subject of this peper, namely, the Dormavac® sys-
ten 2=4 its applications (1}.

Tha Dormavac system involves hypobaric or low
pressura storage of the commodity in a continuously
vezntilated space under conditions of low, but above
freszing, controlled, uniform temperature and near-
satl hunidity levels. The purposes of this paper

2re ©o briefly explain the blological basis for the
success of the Dormavac process, to report upon con-
ccpbual laboratory demonstrations, and to present an
overvizw of the application of therial control tech-
niguzs and comnercially available envircnmental sys-
mercial
product, a forty foot commodity transport intermodal
container.
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Bormavas—Long Term Siorage of
Parishabls Commodities

The application of the Dormavac process, involving vacuum storage of perishable
commodizties under controlled environmental conditions, is described. The biological
basis and the results of verification laboratory tests are presented. The details of the
system design of the intermodal container is presen red, including highlights of each of the
subsystems: thermal control, pressure regulation, humidification and power supply. The
structural design configuration of the 12-meter flat-sided intermodal container is also
presented, including the thermal isolation and insulation and the pressure integrity

BIOLOGICAL BASIS

Trz principle of Dormavac storage was first ex-

plainsd and verified by laboratory test by Dr. Stanley

Burg while at the University of Miami in the early

1950s (2). All living perishables consums oxygen and

gensrabe gases such as carbon dioxide or cthar vola-
tile gases vhose effects, as shoun in Table 1 for
soma commodibies, prevent long term storage. Re-
noval of the generated gases is in accordence with
the following equation: (3)

m=%kD(C e )R

int ~ Text’ Tp

=

nere: n is the rate of gas transport out of
the commodity; D is the diffusivity in air; Cipg
and Cg.t are the gas concantrations internel and ex-
ternal of tha commodily; Ap is that portion of the
coznmnditics surface area perforated by air filled
spacss; and k is a constant for the particular com-
rodity related to intarnzl structure end skin prop-
erties. The diffusivity D, is inversesly proportion-
al to pressure, and Ap is a functicn of rzlative
hurmidity. In the Dormavac sysbten, th2 los pressure
results in & high D, and together with continuous
ventilztion which reduces Cgyt, has, as ea end re-
sult & reduction in Cjps. The continuvously maln-
tained high bunidity level, in addition to pre-
venting comnodity dessication, causss enlargzerent
of tre surflac2 intercellular spaces and increased
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reduzas the partial pressure of oxyse
self Las many beneficiazl effects on sterazgz capa-
bility. In particular, the respiration rate is
slowed in living comzodities and bacteria grouth
is inkibited in meats and fish. The inierpal gen-
eraticn of the harmful gases is directly related to
the respiration rate.

Te-nzrature roduction has always bezen used to
prevent spoilage. The bencfit of reducesd ted mer-
atura, 1~flected in reduced rate of bacteria grovth
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cotizuz,

s gxzbozatiel when within a few degrees of the op-
If tho teaperature is more than a degros

the commodity may suffer cold dacage:

: 15 & few Gegrees higher,
o-cduct is severely diminished.

tke 1life expoctancy
Naturally,

o

wran spzsific temperature level is important, uni-
b
s

i=nortent.

cooled c21d plete walls en
priz2-ily by o
in 4=2 internal
rases, provides

vaporation,

(zpp-oxizztely 20.5°C).

tezperature within the container is also
Tha Dormavac system, with its liquid

d its ability to cool
coupled-with the reduction
heat load dus to reduced respiration
quite uniform teaperature gradients

Table 1 Volatile substances produced within parishable commoditiay
and their etfects (3) . .

VOLATILE
SUBSTANCE

PRODUCED BY

EFFECT

CAR30N D!OXIDE

EHTYLENE

ACETALOEHYDE,
ETHYL ALCSHOL

FARNESCENE

OFF-000PRS,SUCH
AS EANCID FAT

AMINZ-OXIDE

ALL PRODUCTS

PLANT MATTER
AND PATHOGEN-
1C10L0S

PLANT MATTER,
ESPECIALLY AT
VERY LOW OXY-
GEN CONCEN-
TRATIONS; AND
PATHOGENS

APPLE

MEATS, PLANT

MATTER (ALSO
PRODUCED BY
PATHOGENS

ON THESE PROD-
ucTs)

BACTERIA WHICH
GROW ONSALT
WATER FISH AND
SHRIMP

2% CAUSES BROWM STAIN OF LET- -
TUCE; 2-10% CAUSES SCALD OF
FRUITS, VEGETABLES AND FLOWERS

0.00001 ~ B.00005% CAUSES FLCV/ER
FADING; 0.00003 — 0.001% CAUSES
FRUIT RIPENING, ABSCISSION OF
LEAVES, FRUITS AND FLOWERS,
RUSSET SPOT IN LETTUCE, DECAY
IN CITRUS AND OTHER PRODUCTS.
1N ADDITION, THE GAS IMFLUENCES
DORMANCY, RESPIRATION, BUD
GROWTH AND RETENTION OF
GREEN COLOR

LOW COMCENTRATIONS ENHANCE
CHILLING DAMAGE AND CAUSE
PHYSIOLOGICAL GAMAGE IN FRUIT,
VEGETABLES, AND FLOWERS

CAUSES CHILLING DAMAGE

PRODUCES DBJECTIONABLE QUALI-
TY IN MEATS, FRUITS AND VEGE-
TABLES

ODOR OF SPOILED FISH AND SHRINP

Panzya

LABC2870=Y VERIFICATION

7o establish Dormevac
optizm zorage conditions

28 ¢z2xs 2% 90
1ve amidid
.2sr conventional refrigeration.
the bacteria data, shows that the

» was well below the spoilapge level ai
2 point considereble boyond that achieved

relzi

23 Cfzvs

ty tte csnventionally refrigerated pork.
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below;

capability, as well as
in terms of pressure and

= o, nunerous test and demonstrations have
conducted in the laboratory.

=+, only th
s ers presented
P ofs (%) and (5).

In the interest

e highlights of scze of these

more extensive data can

25 stored under Dormavac conditions for
p=Hg absolute, 0°C (32°F), and 959
y end was corpared with samples

Figure 1,
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Fig. 1 Total bacteria count psr squore centimeter of pork loin surfaces

Straxberrics

Strawbarries, which are now transported by air
to parket, dus to extremely linited storage life,
survived 21 days of storzge abt a pressure and tem-
perature of 20 maHg absolute end 1.1°C (34°F).

Tests were conducted at pressure ranging from
10 to 120 pciiz absolute to establish optimum Dor-
pevas conditions. ‘he tests show thet nore than 21
davs of storage . life was achieved for the test
souples stored ab 20 mallg absolute and 10°C (50°F).

Liz2s ’ -

Chezbers were set up at 20, 40 and 80 mmflg ab-
solute and 10°C (50°F) to investigate storage life -
for 1imes under Dormavac conditions. After 71 days
of storage, the liues at 80 mm¥g scored the highest
in all categories (color, texture, structure, decay
ard fungal growth) and were 21l parketable.

RiPDYARE DEVELOPHENT

In parallel with the above noted tests, Grumnan
A1lied Industries undertook the task of developing
the lzboratory phemozenon into a practical applica-
tion for the coamercial food transport market.

D2sisn Requirezents

The environneatal control systen design reguire-
cents were to provide, without manual readjustnent, a
conbainer controlled internal environment with a pro-
sst temperature aund pressure within the range of -2°C
(25°F) to 13°C (56°F) and 10 to 80 naig absoluts, ‘
respectively, while maintaining 95% relative huaidity
~ith continuous ventilation at a rate of over two
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J“ggErap chenges per hour. Transient requirements
melucsd 99 ainutes to reduce the pressure of tho 45
Sic meters voluine (1600 cubic ft.) from normal
it=ospzere to 10 mmig absolute and 48 hours to cool
va commodity 13,000 kilograms of meat, by 11°C
23°7) if necessary (most commoditiss are prechilled
Len loaded). The internal requirezents hed to be
2ticfied with external temperatures ranging fron
29°C (-20°F) to 49°C (120°F) end with an altitude
2 to 3,000 msters. Salf-cortained diesel genesrator
sr2r tad to bs provided for in transit over the ‘

Structural design requirements were to provigde,
sittout co-proaising the thermodynanic and pressure
intesrity aspects, a rectangular box structure capa-
blz of withstanding the enornmous compressive forces
wasp tre interior was at full vacuua. The outer
¢inansiors were fixad by international standards at
42 x 2.4 x 2.4 meters (40 x 8 x 8 £t.). Differential
sxpznsions associated with up to 65°C (150°F) outside
(ircicdinz solar effects) and -18°C (0°F) inside had
to b= considered in the design. Coaplete thermal
insulation between the inmer and outer 'wall was re-
quirad. Air leakage requirements were, on a square
foot basis, as severe as that of the Grumnan de-
sigznsd and built Lunar Module, i.e., with the systen
shut éown at vacuum the allowable pressure rise was
to be no greater than 2.5 maHg per hour.

Contziner Structural Configuration

7he basic structural elexzent is & 0.22 meter
{9 in.) wide "I" beam vhich consists of inner and
outsr Tlanges of 6061 aluminum and en incer web of
fibarglass (pultrusion). Fifty-four of these beans
wers welded together to form a complete 12 n (%0 ft.)
wall with no metal to metal contact batwesn the
snnar and outer walls. As shown in Fig. 2, the con-
tainer is asseabled from eight sub-assemblies con-~
sisting of four longitudinal sections forning tho
sié2 walls, ceiling and floor, two end frames, a
bulthesd end a door. The assemblies are fastened
togetner mechanically with inner and outer longerons
for=ing the corners. The open wall assemblies are
filled with fozn-in-place, polyurethane insulation.
The inper skin provides the pressure scal. Two
cte=1 end fremes with standard corner castings are
fzsteped to the basic container with strips of fiber-
glass providing the interfaco to avoid violation of
the thoraal isolation. The resultant overall co-
efficient of heat transfer per unit of wall area for
the conplete esseably is approximately 5.6% x 155
vatts/ca? °C (0.1 Btu/Hr. Ft.2 °F). To facilitate
forir 1ift loading, a liftable panel is added to the
ficor consisting of extruded aluminun T sections
longitudinally welded together. Glycol cooling
fluid vassages are welded integral to the sidewalls,
reof and fork 1ift floor. As shown in Fig. 3, there
zre four lines per wall. Each glycol line is an
2lu=iruz extrusion running the length of the wall,
wtih e cross section consisting of tvo rectangular
passages, such that the cooling fluid flows down
tve lengtn of the container and back -~ all within
tra same welded extrusicn, thereby mininizing tem-
erature gradients.

d

Mvironrontal Systea Confipguration

inz eguipzent section of the container, shown
in Tiz. %, occupies a volume of 0.9 x 2.3 X 2.3
—stors (37 » 90 x 90 in.) and consists of the fol-
lowing subsystems: power supply: cooling; pressure
conirol; znd hemidification. .

STRUCTURAL DESIGN

INSULATION: STRUCTURE:
POLYURETHANE ALUNMINUL PANELS,
FOAN STEELEND
PLATES
EQUIPMENT

COMPARTMEN

SIZE24x 2.4 x12m 25
(8x8x40FT) WEIGHT 8.3 KILOGRAMS

(20,080 185}

Fig. 2 Major structural segments of Dormavac intermodal container

DOOR SEAL GLYCOL DUCTS

SAFETY
RELIEF

FIBERGLASS +7
PULTRUSION 4

HINGE

FORKLIFT
T-FLOOR

Fig.3 Cutaway view of container showing integral coolant lines and
thermal isolation batween innar pressure shell and outar wall

The power supply subsysten includes a 28 Xy
(38 horsepouer) diesel engine driving a generator
which supplies 20 EW of 230 volt electric pouer.
Sufficient diesel fuel is stored in the eguignent
bay for twenty-four hours of operation. The elec-
tric controls automatically sequence the startup of
the najor motor driven components to avold stalling
the dissel/generator with the required starting
surge. A fecillity power cable is provided for con-
rection to 230 VAC, 3 phase shipboard or ground
power. The electrical controls automatically scnse
and correct for different phase connecticns. Since
the container is to be used world wide it was noces-
sary to install a %%0/230 volt stepdowm transformer
for operation with higher voltage ubility supply.
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The coolirng subsystem removes the wall heat
leak, ebsorbs the comnodity heat of rospiration and -
cools the vacuus puzp wnile maintaining a presct
tezperature within tho container. The cooling fluid
is a $0/50 mixture of innibited ethylenc rlycol and
water, with a freezing point of -37°C (~34°F) and a
specific gravity of 1.07 at 15.6°C (60°F). As shown
in Tig. 5, tke glycol flows from the expansion tank
through a tygoa inspection tube to a circulating
puzp which has 2 capacity of 1.3 x 10-3 m3/s (20

21lons p2r pirute) a2t differential pressure of

1.4 x 105 n2 (20 psid). The flow rate was set to
1imit ths temperature rise of the coolant within the 2
container to less than 0.6°C (1°F). Tne pump drives ;
tpe fluid through parallel glycol to freon (rR12)
chillers within the rafrigeration package, vherein

R il o PRI PR TN

\ 32

CA=IPF

; ’ i".':' the heat is resjected. The refrigeration unit is . X
- sizad to provide 3.25 w/S (40,000 Btu/Hr.) cooling: }
4 X< at 2 coaiainer temperature of 1.1°c (30°F) and an | i
b A B viont of %9°C (120°F). It comsists of tuo inde~" .. |
q - ¥ TARAT andont 3.7 KW (5 EP) refrigeration heat rejection !
: R B\ freon loops, with the ultimate heat sink, outside T ;
e Y eir, driven by 2 sicgle fan through the dual freon | i
3 - S E . condensers. 1ike refrigeration unit is capable of . | 5
3 gl 30 - providing -18°C (0°F) glycol for those backhauls 3
K : T — . . . involving atmospheric transport of frozen food. The g
¥ 5’13‘ " ¢>-‘?{-6‘.:"‘;“—.T:'—-“: ol = glycol flows i"roa thtf refrigeration unit dir?ctly to
N W RS A -4] - gne cooling lines within the container. Au im-
. rersed thermister jocated at the point at which the
Fig. 4 System components glycol exits the container provides tke intelligence
VACUUM PUNMP i
HEAT EXCHANGER . i
PRESSURE CONTROL SYSTEM
- Ergu - 10 |
- cEALWATERTANK VACUUM PULIP I
. i o
. 4 . ]
N VACUUM PUMP HEAT l X i
BLYCOL FILL EXCHANGER BYPASS ! . : - A\~ }
o et o —— ) VACUUH PUMP HEAT - _ CONTAINER :
) EXCHANGER FEED , " CARGG AREA i
I B FPPIRI.. suned s ' . !
: ot - T . :
1 : i
GLYCOL T H ‘ GLYCOL DUCT
TANK _J . - - = - 3\
l 4 : . 1
: Y TEMPERATUHEL11,L e e e T - - I
- FLOWBALANCE =~ PROBE [T REFRIGERATION UIT ]l I : _
seus0R LT/O RESTRICTION | -~-— i
LEVEL & - —> |———{>_| .
{ : . — = - s
e P e | 1 )
INSPECTION TUBE | -~} CHILLER [- - i i
>—-.—", e t_____,__.,__.___.._._..._.._l
GLYCOL PURP !
HOUSING DRAIN
LEGEND: Vi3 GLYCOL PUN? "
—-— GLYCOL ﬂs HAND VALVE NC i
[~~~ caPPED LINE ,
SOLENOID VALVE WO '
$=— £%D OF LINE OPEN ;
: SOLERDID VALVE KC ;
[§‘/<} eavovaveto B
Fig. 5 Cooling subsyster
i
4 !
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ins~z01id state temporature control. The tea-
urz ¢contrel automatically energizes or de-
ergioes the tWo €oAPressors sequentially depsend-
-~ tag difference betwcen the sensed and set
L Msdulating comprossor control is ini- .
jbad whan the sensed temperature 1g within 0.8°C
,5°F) of the sob point. - o
Troa tha conbaiper the glycol takes one of
2 pails. Under Dormavac conditions, ‘approxi-
tely 5.4 x 10~ m3/8 (7 gon) flous through the
cur= pu=p keed exchanger and removes 1.3 /8
6,000 3su/dr.) from the vacuum puzp cooling water,
£y tre rsreining glycol flowing through a par-
.lel iire with a reduced diameter section vwhich
zeniishes the flow split to the vacuun punp,
erety =fpinizing the total system prassure drcp.
twing perellel leg is provided which is used
217 wren the non-vacuumd frozen food operating
sde is in effect. By simply setting frozen food
2zpeTatures, the solenoid valve in the feed to
scuun pu=d autonatically closes and the solenoid
alve iz the third parallel leg opens to facilitate
;pass of the noa-operating yacuum puxp. The auto-
atic bypass of the vacuum pudp heat exchanger is
.ocassary et frozen food conditions to pravent
‘resze-up of the vacuud pump cooling water. The
slycol raturas from the vacuum pump to the glycol
-pnk resarvoir. Since glycol 1s toxic and color-
less, & trace dy@ has been added to ensure ¥novledge
of poinis of leakage if they occur. If a refrigera-
tion melfunchion occurs and the temperature is more
tren 6°C (10°F) ebove set point with a non-operating
cOomDrassoT, then the vacuum pusp automatically sbuts
dowm to avold throwing its waste heat into the glycol
1o0p, axd hencs, jnto the commodity. '

Tag prassure control subsysten schematically
showm ir Tig. 6 congists of a 5.6 ¥W (7 1/2 horse-
powar) 5.7 % 10-2 m3/8 (120 cfm) two stage vacuud
pump assachly, a pressure regulator and a vacuul

T2 contiruously operating vacuuh puep assenbly
sts of a three lobe rotary positive displace-
wiower connected to the motor with a non-slip
pulley, & 1iquid ring second stage close coupled to
tr2 docusle andad notor, & water cooling fluid heat
exchangar, & motor and a two gallon seal waber )
reservoir. 1he liquid ring second stage was chosen
to facilitate recovery by condensation of the water
vosOoT supplisd to the container to peintain the high
+arnz) ralative hunidity. Without water recovery,

r2llon water tank would be required for a d=-
~ration trip of six weeks, rather than the 50

seserveir provided. During pulldown, 2 poIr-
¢ thz first stage discharge is by-passed back
T2 consainer air supply line to minimize the
sura ratio 2Ccross the first stege and thereby
ain tobal power requirenents within the 5.6 K¥
rorseposer) notor capability. ¥hen the pros-
¢rops balow 120 mahg absolute a pressurs switch
vetes & solenoid valve which closes the bypass.
1ous the bypass line, the vacuunl pusp yould draw
2% of 9 ®d (12 hoxsepower) during pulldovn.

Tre zbsolube pressure within the container is
controlicd by the amount of air which is netered
i55o the zir inlet by the vacuur breaker. The vac-
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uua bro2ker moduletes the induced ait flow by con-
paring the container's pressure sonsed at the vacuen
puzD in*ai, ageipst a set pressure signal froa the
pressurs ~2alator. The pressure regulator is a
pilot cperatad, adjustable absolute pressure type
which provides a static selected nrgiarence” pressure
to the upper cheamber of the vacuuz breaker. The en-

- tire pressure coatrol systea can be isolated fron

the contaiaer for palfunction investigation or parts
replacenent by sinply closing the supply and rcturn
vacuun bignt ball valves. Included in the pressuro
control subsysten 1s an inlet replacoable cartridge
air filter end & sot of pressure gages.

The huzidification subsystem shown schematically
in Fig. 7 includes & pumidifier, a water supply tenk,
a water feed purifier and the assoclated electrical
controls. The hunmidifier is simply an electrically
heated boiler which opgrates at low temperature due
to the reduced pressure (water boils ab 12°C (53°F)
at 10 o= absolute). The heater wattage is modu-
lated below its 3 KW rating by a sophisticated solid

_state controller which very rapldly pulses the heater .
to achisve tne desired duty cycle and which auto- )

natically compensates for voltage chenges. The re-
quired wattage is preset in eccordance with the com—
modity set teaperature and the desired hunidity level
(usu21ly 95%) and is based cn test devised vecuum
pump flow rates as & function of pressurs. As noted
previously, cost of the water boiled into the con-
tainer is recovered in the vacuug puip second stage
and recycled back to the water tank. Min./max. water
levels are paintained in the pumidifier by means of
high and low level sensors. The water flows into
the boiler when the level sensors signal the solenoid
feed valve to open. The flow occurs as & result of
the pressure aifferential between the boiler et con-
tainer prassure snd the supply tank at normal atmo-
sphere. It should be noted that 2ll water lines are
traced with heater tapo which is automatically ener-
glz2d if the outside temperature falls b=low H°C

(40°7).

Systen Perfornancs ,

K1taouza lavoratory tests demonstrated the
benefits of the Dormavac process, questioas arose
during the acvelopasnt phase as to whether the same
parformance could be extrapoiated to a practical’
cozaercizl application pany tires greater in size
than any 1aboratory test. One question was whether
an entire comzodity load of approxiz:abely 13,000
kilograns (30,000 pounds) could be cooled down in a
reasonable period to a uniforan temperabture (1less
than a 1°C variation). There was also a need for
a better undsrstending of the internal rodes of heat
trensfer. This was especially true sinces ths labora-~
tory tests indicated excellent heat transfer cooling
capability, greater than that et atmospheric pres-
sure, Wh2reas anelysis jndicated a convechive filn

8 x 10-5 watt/cn? °C (0.1

Ft.2 °F) ab a pressure of 10 mn¥g absolute. |
Various haat sransfer nechanisus were postulated to i
explain the phenozcnast evaporative cooling -of the }
commodity with jts own noisture or with moisture
which condcnsed on the overhead and fell upon the
co=rodity;: & strong flow, dua to pressure gradients |
associated with differential temperatures/water vapor
partial pressures, giving significant coavective i
cooling: or high radiant heat transfer from the cargo
to cold walls since in a lab test (unlike a full
sczle container) the heat source/hect sink surface
aree ratio is nearly unibty. A series of tests were
conducted in @ full size traller and in a small bell
jar with accurate environmental control capability.

The tests were quite successful with the follou-
ing conclusions:

o Condensate did not “rain doun" froa the

overhead .
o A strong forcad convective cooling
flow did not exist
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FIRST STAGE

VACUUM
AIR PUMP
DISCHARGE .
roRt 7N\ 3;3
pe— I e 3 Q- T V16
| l i O RETURN AIR
TN PUMP FEED -
I (L e A —— BYPASS _ V19
TO WATER f[:?rl'e . D VACUUM A —_—
TANK pUNP FLOW | SECOND STAGE |°~°’}"' : _ | — {95
ool TR HEAT CONTROL || vacuUM PUMP PRESSURE ,': : T
EXCHANGER ‘VK L SWITCH — %_— i Alﬂ;/!.‘Jia’PLY
LEVEL r_-mm\ _\></ O 5 V2t - I SHUTOFF
SENSOR - - - VACUUMPUMP| ‘
- PRESSURE HUMIDIFIER
~ . BYPASS SHUTOFF
|1 '1 7 SHUTOFF r . v
Y VACUUM FROM
: BREAKER - - HUMIDIFIER, HUMIDITY
= ‘ CONTROL SYSTEHM
TOGYLCOL ' A
TANK ~
FRON. VACUUM PUMP }’ CONTAINER DUMP
HEAT EXCHANGER FEED VALVE V1, p v20
TEMPERATURE CONTROL SYSTEM , A
PRESSURE
REGULATOR

LEGEND:

—— AR

o= VIATER

VATER VAPOR
{STEAM)

—— ¢ ® w

=== GLYCOL

ENO OF
LINE OPEN

~ .
[ﬁq HAND VALVE NO

;;Q HAND VALVE KC

ga SOLENOID VALVENC ~ °
‘—@-— CHECK VALVE |

CONTAINER
CARGO AREA

Fig. G Pressure control subsystem
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tation, depending upon the packing den-

‘as significant
+ed heeb transfer was two to threa

t 5 proater than analytically predicted
pas ebill jnsufficient to explain repld
chilldovwn -

e Ccoling by evaporation of the comzodities!
own moisture is by far the predoninant
—ode of heat transfer.

Tha laztter, wost inportent, revelation eaphasized
the 2 o carefully determine proper wrapping,
sta = and packing configurations end strassed
tra izsortance of maintaining uniform wall temper-
gturss.

! a conbainer dezonstrations are becoming
the ror=. Recently, an extensively instrumented
stz5ic test using @ production Dormavac container
wes confusted by the Australisn peab authoritles to
-7ir= thse Dormavac capabilities relative to the
transoors of ladb. ¥ost of the 12,300 kilograms
(25,590 pounds) of lazb cooled down to within 0.5°C
{0.3°F) of the desired range within two days. At
tha end of the 40 day storage period; the laub was -
wizzd to be excellent. ' i
Otrer fully lozded demonstrations have bean
~aasted successfully, soRe of which are noted
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o O
=1
Q

e 11,800 kilograms (26,000 pounds) of mengoes
ware shipped fron Moxico to Japan - a 22
day voyage — and were sold at premium prices.
» Potied tropical plants were shipped from
Filo, ‘Hawaii to Oakland, California and
arrived in perfect conditions after 12 days.

with narkebing of produciion conbalners,

e Papaya, picked one quarter ripe, were
shippad freo Ifawaii to both the east end
west coasts of the United States and upon
reroval from Dormavac condition, ripened
wilth pood color and taste.

» A 9,500 kilogran (21,000 pound) load of pork
was shipped from Huren, S. Dakota to Hawail
and was declared to be the freshest meab

_ever shipped tnere by surface shipzent.

CONCLUSION

This paperT has presented the theoretical basls
for tha Dormavac process, documented test results,
described the environnental systen configuration and
reviewed full scale verification demonstrations.

The successful applicatbion of aerospace expartise to
develop a laboratory phenomenon into a commercial
product has been demonstrated. Obviously, systea
improvensnbs, pany-of which will surfece afger fur-
ther field service, can and will be made. But the
completion of the developnent of the first genera-
- $ion production Dormzavac container has initiabed

. marketing of & product znd a process thab will

probably alter significantly the existing world
trade patterns. Tnis potential has besn recob~
nized by the food industry with the joint award of
the 1979 Food Technology,lndustrial Achievement
Award to Armour Research Center and the CGrumman
Corporation for the "significant advancs” in food
technology achieved with the "hypobaric transport
and storage of fresh meats and produce” (6).
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