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m &8s Authoritly = Leticr Coxmmonding General, Headquarters /rmored
QO Forcs, Fort Knox, Kentucky, 400.112/6 GLOKD, dated Sentcmbu. 2L, 1942,

' bs Purnose = To determine the healer o*:.a:.mng capucity of an insulce
ted food contziner constructed with Santocel, a new insulating material,
wead of “ho cori employed in the containers previously tested.

2, DISCUSSION: '
According to continucd reporis firom comdat arcas jiere is need Ior

special facilities for furaishing front line troops and casualties with hot

*  food, since, in many cases, kitchen units have not been able to catch up with
advence troops until late at night, if ab all, This need applied especiclly
to winter operations but exdstcs also when only moderately low temperatures are

: encountered, The most feasible method for motorized troops is to carry ihe

" hot food with them in insulated containers. Vacuum Jugs, wiile extremely
offective, are too fragile for practicul use, Other means of insulation are
available, howaver, wnich vill provide sturdy containers for the purpose. An
18-quart jug simiter to- owprevzouely deecmbed and ‘recommended¥#--but with a
new improved insulating materiasl has’b@eéd made availeble for test‘."(j The resulls
of tests on this Jug are W be found in the Appendix, /;. ; , !

() -
A\

a. Insulated Jugs are effective in keeping food hot and provide an
adequate means for the transportation of foods to front linc areas,

3. CONCLUSIONS:

Y. The cooling rate of water in the subject container was found to be
appro:dmately 1.36 Btu/°F/hr. AV this rate, even under extrome environmental
conditions (=40°F and 12 rph), the "Santocel” insulated jug will keep food hot
for poriods up to eight (d) hours and warm for longer periods.

€. The shapo and size of the subject food containor are not suitable
for use in armored veaicles end an irproved design is suggesved.

# Scu ALRL Repord, Project No. 1=20 MStudly of the Heat Retu:min" Capfc.gt...&s
va Insulated Ju_.,” cated Doccmber. 9, 1942, el
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decsign be subjected to field tesic.
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L. RECOMMEN . .TONS:

a. That food containers *~"*“ii “Santocel" insulation and improved
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APPENDTY

The heat-retaining capacity of an 18.2 quart hot frood container of ime
proved constructica {roa the standpcint of heat insulation’™ was measured
uncer various cogbinations of environmeontal temperature and air movemenb,
Belore each tost the container was prc—icated with beiling water for cns
hall hour, at thie end of which tlme tho watcer was poured ¢t and the coa-
talaer refillec to capacity with het watcr 7o {he test, Lho drop in tomperae-
ture of tho water was then detormined over pordcds ol from seven to Wiclve
hours, the temperature being measured by meuns of three thormocouples placed
respectively near the bottcm, center and top of the Jug. Air and floce
terperatures in the immediate vicinity of the food coataincr were also deicr=
mined at intervals. Floor temperaturss reqguired some time before reaching
equilibriun with air temperatures (See Tzble II). In cortain experiments

. imrediately after temperature readings were obizined the jug was ‘shaken
thoroughly and another set of measurcments takea. No apprceciable dilferences
in temperature were oL.:.veds \ ‘

In Table X and IX are sumaarized the pertinent data cotained from obsor—
vations made with environmental temperaturcs ranging from +92°F to =40°F,, and

. with different degreas of air movemeat. In one palr of experimsnts, al aa
i environmental temperature of approximaiely 909, the rate of heat loss with
the Jug exposed to solar radiatiorn was coxpared with the rate in the absence
. of sunshine, '

Theoretical
Jor a given cavironzmeatal conditlorn, the rate of heat loss froa an
insulated food container varies with the resistance to heat flow through the

insulated wall and with the hoat capacity of the contents. The drop in tez=
perature with time may be expressed by the exponential equations—

Where:

T = temperature of contents avove environmental temperature
at anytime, t.

To = fnaiticl temperature of contents above environmental

dev  ae
Lemperatuce

)

o B {img of observaticn in hours frem initdal cbservatica,
LH = overall rate of heat fiow through food container, Biu/°F/hr.
W = weight of ccatents in pouads.

gpecific heat of convcatse.

w
H

# Eunxloying "Santocel' insulation; manufactured by Landers, Frary & Clark.
Incl. #1 = .
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This equation plots as a siraight line on semi-logarithmic paper and when
the ratio, T/Ty, is plotted against time, the observations become independent
ol the initial temperature of .he contents, and of the environmental tempera=-
ture. Hence for a given jug, with constant A H, all observations should fall
on a single straight line, the slope of which is a function of the insulating
value of the container and of the heat cepacity of the contents, as indicated
in the equation above.

The temperature measurements obiained during several tests plotted as
straight lines on semi-logarithmic paper as showm for two tests in Figure I.
The rates of cooling per uni" temperature difference, obtained from these
lines were not constant, as showna in Table I, but did not, however, vary
systematicclly with wind velocity or env:.ronnental temperature., The influence
of flocr temperature is much more important, Table II. The partial elimina=-
tion of an avenue of heat loss by having floor temperatures higher than air
temperatures results in a false imnression of the insulative officiency of
the container., Experimcits In which the jug was raised four inches off the
floor so that taape ratures were identical on all sides of the jug gave )
duplicate rosults on close agrocment with the average of our series.

It is interesting to note that whe rate ol heat loss was not signifi-
ccatly changed at a given environmentel temperaturs by increasing the wind
velocity. This is a reflection of the high quality of insulation provided in
the container. The overall rccistance to heat flow from the inside of tho
Jug vo the surrounding atmospiere is a function of both the thermal resist=
ance of the wall and of the surrounding air film, as indicated by the
following equation:=

A K =4k, 1

s
be

a8

ol

0 5 ’ B -

Where:
4 = surface area of container, sq. ft.

C = thermal conductance of wall, Btu/°?/sq.ft./hr.
£= surface air film conductance, Btu/°F/sq.fi./hr.
k = constant | '

The value of f varies from 1,65 for still air to 6.0 for moving air at 15 mph,
approximately a fourfold increase. The value of C is, for the subject food
coatainer, approximately 0.3. Intering this value of C and_the two va.lues of
£ in the equation results in vhe following values for AH:-

SBil) Afr, AH z 0,256 x Ak
_Moving Adr, 15 mph, 8H = 0,285 x Ak

Thus, the effect of increasing the air movement to 15 mph is to ::cr easo the
rate of cocling over the rate in still aiv aJp*oxmately 7 percest. This
change could rot be detocted by the methods of measurement ....‘ployud 'Yheso
tests.
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The average cooling rate for the subject food container was 1,36 Btu/oF/hr.
At this rate it is capable of keeping foods above the minimum desired tempera-
ture for periods of eight hours or more under extreme conditions of outside
ten d?eratur@ end wind velocity. For example, with an outside temperature of

F and 12 mph wird veloc:Lty and an mitial temperature of the contents of
tho container of 190%, the temperaturs ai the end of seve:n hours will ko 138°7,
vhich is the m./..mm desirable tc: pere ature for coffec, T:.e temperature will

: not drop below 120°F until approximabe 1_/ J2 hours., InTig. 2, tho rate of
cocling of the insuls - *onuu_.‘cr': coptente hes bwn Dlwd\.d for thres
environmeatal tanperavurss., It mey be concluded o0 the teasts that the heale
retaining capacity of this fooq container meets thc practical reguircmenits for
£ield use by the A= -cd Command., The shape and overall design of the cone
tainer, however, . ot entirely accentable. A food container which will be
more suitable frou the standpoint of conserving space and for general utility
in armored vehicles have bzen developed by the Armored Medical Rescarch labora-

) tory and the plans are available foir consultation and use by interesied
parties, An important feature cof the new deszgn is that rultiple containers
are included which will permit separation of rations for five men., The design
.0of the cover hac ....o been improved to insure greater efficiency of insulation.

APPENDIX
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TABLE I
Summery of Tests on Heat=Retaining Cepacily

"Santocel" Insulatel .‘vsi Container (13.2 Qi)

'E"”"_. e} 1 P T P3apa e

TES. CONDITIONS P, CF CCONTENZS
: . o
Ay Tomo,. Tind Inific { Aften 10 hrs. Btu/°F/sr.
Or Velccity Fy ‘ ?
!
492 '
Sunshinro | Irregular 178 ! 15,0 | 1,060
490 ' : j |
Cloudy Irsegular 25 ¢ 160.5 | 1,568
+81 P ., !
Leboratory ! lNone P 0] ' 151.5 1.568
371 §
Laboratery lNone i92.5 | 1580 1.356
3k Koo I e 147 . 1.236
-7 12 rzh i 95 137 1.380
1/12 of time E
- 8 ‘ 12 moh 195 121 1.548
| 1/12 o tize
-9 | Jone 7 124 1,24
-18 | 12 mph ] 212 143 1.428
Continuously i i -
-23 12 mph 191 125 1.496
. 1/3 tire
~-29 12 ozl 202 149 1,060
Intermittent
=42 12 mph ‘ 199 130 1,356
a Continuously s
Averagy ) ' 1.360
incl. #2 TABLE T
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TABLE I

Sumnary of Tosts oa Heat=Retaining Capacity

of

nSantocel" Insulatod Food Container {18.2 Q3)

o -.-‘—-\_g%

i

.57 CONDITIONS TEP, OF CONTE ; 4
¢ Ln i
Day of | Alr Texzp. 5% Viind Initial | After 10 Hrs. | Btu/F/nr. .
Test p (Air-Floor) Velocity op op |
I

1 -8 21 12 moh 194 138 1.220
Intermittent !
== o -4l

2 -1 1 12 mph 194 133 1.375
Intermittent , !
LT 2 12 mph 194, 132 ‘ 1.400 |
1 Intermittent §
5 -1e 9 , | 12mph 194 133 1,272 |
Intermittent g
6 -8 0 12 mph 194 130 1,403 |
Continuous ;

8 =19 0 5 mph 192 131 1.435

Continuous
9 =16 0 12 mph 189 128 1.315
: Continuous
\\.‘v
Incl, /2 TABLE IX
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COOLING RATE OF INSULATED FOOD CONTA'NEZR o
~ TYPICAL TEST RESULTS |
100 T Ay
" ?\V§S 3
| § N\ W
' 0.95. O \
= XY \
’ N o

099" 3 3 - ,
: , T,=-19° F., CONTINUOUS V/IND, 5 M.P.H,
L l\. /l T AMerazs

{(LOG SCALE)

_.rR
_rR
o
(o]
O
/V

i o ; . . \- *

. ; T, =-42°F, CONTINUOUS WIKD, 12 #.P.H] /" \

- : A4=1.356 \

! i ] \ ¢
19

0 | 2 3 4 5 6 7 8 9 0 U 12
ELAPSZD TIME=-HOURS

|

i1
1

. — e R B



2

——— I
FiG. 2
" RATE OF COOLING OF CONTEINTS OF JUG
AT DIFFERENT AIR TEMPEZRATURES
(INITIAL TEMPERATURE OF COMNTINTS 120°F)
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