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This Krack Manual was published for the purpose of providing a concise, complete and
convenient load estimating reference volume for the commercial refrigeration industry.
Application suggestions and unit cooler selection examples are representative for halocar-
bon direct expansion fed systems.

Load estimating data can be used for industrial refrigeration systems using ammonia
or brine as the refrigerant.

Estimating guidelines and rules of thumb, are necessarily general in nature, and should not
be utilized as the sole design criteria.

Product freezing and cooling data was developed in the Krack product testing laboratory.
Other data has been extracted by permission from various ASHRAE Guide and Data Book
publications.
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PRINCIPLES OF HEAT TRANSMISSION

PRELIMINARY CONSIDERATIONS

Calcufation of the heat transfer through the walls, floor
and ceiling of a refrigerated space requires detarmina:
tion of the overall coefficient of heat transmission {or
‘W walue, as it s commonty called) for the building
structure,

Accordingly, the procadures utilized to determine this
coefficient, and the several factors which affect its
value, ane brefly discuessaed below,

It i5 1o be noted that rapidly increasing anergy coss
hawve made obvious the desirability of optimum insula-
tinn afficiency. First-versus-operating cost comparisons
are therefors worthwhile, and will oftan justify an in-
crease in the indicated insulstion thickness.

Letter symbals utificed herein arg those most commonly
employed to designata the vanous haat transfer factors.

THERMAL CONDUCTIVITY (K)

Tharmal conductivity i defined as the rate of heat
transfer through a homogeneous materlal i Btu per
hour per square foot of area per °F tomperatere dif-
ferential per inch of thickness INOTE: A homogenaous
matenal is one whose thermal conductivity is essentially
unaffected by a change in surface arga or thickness],

Conduction heat transfer varies directly with tharmal
conductivity, surface area, temperature differantial and
tima, and wanes invarsaly with material thickness. Ac-
cordingly, tha heat transfer into o refrigerated space
may be reduced either by selecting an insulating
medium with a lower K value, or by increasing the in-
sulation thickness,

The daily heat ransfer through any homogeneous
material of 8 given thickness may be caloulated by wiiliz-
ing the fallowing formula:

K = ﬂmunaqﬂ = TD.;F = 2

Thickness |,

QBtu (24 hes =

K atways expresses b hest transfer value per inch of
thickness in air conditioning and refrigeration conssdera-
tions,

CONDUCTANCE (C)

Thermal conductance (C) difters from thermal con-
ductivity (Kl anby in that it i 8 heat transfer factor for a
specific buding material kaving a standard thicknass.
All nom-homogeneous materials are necessarily rated in
this manner (a5 opposed 10 K, examples being tile &
concrete block. Building boards and paper, flooring
materials, sir spaces and various materals commaon in
general constructon arg also rated by C values,

Thermal conductance i by definition, therofore, the
rate of hiat transfer through a specific material in Btu
per hour par squarne foot of anea per °F temparature dif-
Torertial,

Conductances for various material categories ara
tabulated in Table 18 in the Appendis,

It is to b2 noted thet the formula listed abowve for
calculating haat wansfar through varkous thicknessas of
homegeneous substances would not apply for matersals
rated by conductance,

SURFACE FILM CONDUCTANCE (f)

The surface of any material offers an additional
rasistance to haat flow, with the absclute value boing
dependent upon it reflectivity, degree of roughness,
sttitude (vertical or horzontal), length and the air
veloCity over the surface,

Tha reciprocal of this resistance s the surfaca film con-
ductance (f] which g expressed in the same units Bs
conductance (B, Blu per hour per square Toot of area
per °F temparature differential, |

Ingide surface film conductance & designated by ), and
may usually be estimated at 1,60 Tor walls in still air not
exposed to outdoor gondithons.

Qunsede surface film conductanoe s dasignated by
fo.and may be approximatad at 6.0 for outdoor walls not
exposed to winds in excess of 15 MPH,



PRINCIPLES OF HEAT TRANSMISSION

THERMAL RESISTANCE (R)

Thermal resistance & the resistance of 8 material to heat
fiow and is, by dafinition, the reciprocal of a given heat
transfer coafficient (s, C, 1, § atc.):

pask
c
As an example, the conductance (C) af % inch plaster
board (as cbiained from Table 1B] is 2.25 Biu par hour
per °F temperature differential per sq. fi. Accordingly,
its resstance is:

1
A= —— = 0 48°F TD ! ft / Btu/f hr
2.7 -

This means that & temperature differential of 0.449°F
would be required to tansfer 1 Btu of heat across 1
square foot of ¥ inch plasterboard surface in 1 hour.

The practical significance of resistance (R} is that iis
values arg additive thereby enabling the calculation of
overall coafficients of heat ransfer for compound struc-
tures, je:

Rtom =R, +R,+R;letc)

OVERALL COEFFICIENT OF HEAT TRANSFER (U]

The overall coefficient of heat transfer of a given
material or compound structure with parallel surfaces is
commanhy known ag the U factor, and is expressed in
the same units &% conductance lie, Btu per hour per
square fool of area per “F termperature differentsal), it is
most generalty applied 10 compound stiructures such as
rocfs or walls,

As stated previously, resstance & the reciprocel of con-
ductance and the individual resistances of 8 struciune
are additiva. Accordingly, it B necessary 1o determing
the overall resistance 1o heat transfer, and then its
reciprocal, to calculate the U factor.

Crradl resistance in @ compound structure is:

R e Erei i —_— —
e Y e YNV E Y g

Where,

* C iz the conductance {if it apphes.)

o X, X;. afc. are matarial thickmeages,
* K, K;, etc, are conductivities,

® ;s the inside film conductance,

* f, = the outside fdm conductance.

The U factor & then caloulated &5 Tollows:

1
Rl Cown

An example 18 useful in llustrating the abowve. &
representativa compound structufe with parallel sur-
faces as depicted in Figure A has been selected for this
purpose since it is dealt with frequently in refrigeration
applieations,

i, = 6.0

/ . Caoncrete Block
it C =090
R

o reh ~ Adhesive
e IC is negligible)
M 4" Foamglass Slab

v a K, = 0.38
S - 4" Foamglass Slab
'I'-:"-'i‘q: ) K1=ﬂ.3ﬂ
A il fe 2 t+—— %" Plywood
Toapred vt W Ky = 0.80

AR S| | I
Cipemd ptl i Ee—t =160

FIGURE A: EXAMPLE CROSS SECTION

In the above example, Ay would equal:

1 4 4 . DS 11
Rrow = gog * 526 * 038 “ 080 " T8 * BD
ar,
Rrow = 23.58
arsd,
u e =—1_ =042
Cremenll Wi 7358



JOB SURVEY AND LOAD ESTIMATE

JOB SURVEY

Fart Il of Krack Survey and Load Estimate Form LE-1 is
devated 1o the job survey, All factors which affect the
rate ol heal gam mest be detailed. I = suggested that
each application be thoroughly reviewed with the
cparating personnel to  determine  facditly opara-
tional characteristics, product pulldown requiramants,
packaging specifics and such other details as are
peculiar to a given application.

Particular attention should ba given to tha means and
frequancy of product entrance, adjacent drog prassure
differantials, axisting or reguired wventilation systems,
and relatad operating characterstics which may pro-
duce infiltration loading abowe the norm [the awarage air
changes detailed in Tables 44 and 48 are intendod for
standard applications only, and should not be used
when specialized conditions prenvaill,

Tha product entrance rate, condition and type packag-
ing must bo detarminad to assure an accurata product
load estimate. If an individual product is treated as a
haat exchanger. the product refrigaration lasd is then

dependent upon its shape, size and type of packaging,
as well 85 the more usual considerations of entering and
lzawving temperaiure differential, product type, entrance
rate Into the cooler, air temperaiure gnd welocity aver
the product and process duration. A prime purpose of
the survey, tharefore, is to determine the rate of pro-
duct heat evolution lor rate of hest transfar from the
product to the room). Specific axamples of various pro-
duct situationg arg given in the section devoted to the
foad eatimats,

Part 1% of Form LE1 provides for a sketch of the
refrigarated space. All relevant construction features
such as column, door and partition lpcations, ceiling
clearances, adipocent area conditions, @1c, should be
detsiled, Supplemental photographs of significant
building features are often part of & good survey, Addi-
tiongl survey requirements such as ambient design,
rogm temperature, dimensional data, ingulation type B
thickness, electrical service and the wvarious
miscellanious koads are self-explanatory.

LOAD ESTIMATE

GENERAL

Part Ill of Krack Farm LE-1 is devated to calculation of
the refrigeration load, Five sources of heat gam must be
gstimated:

* Wall, floor, & ceiling transmission load
= Solar load

* Infiltration load

* Product load

* Supplemental load

Optimum and efficient eqguipment selection s depan-
dent upon an Sccurate determination of each of the
abowe loads,

A brief discussion of sach heat gain source follows,
with references made where appropriate to factors and
data charied in the appendix.

TRANSMISSION LOAD

The heat trangmission into a refrigerated space through
its cailing, flooe and wallz i a function of the outside
surface area, the tempoerdture ditferantial betwaan the
rocem and its surrounding #rea  and the thermal con-
ductivity of the insulstion utilized,

Table 1A converts thermal conductivity ('K’ in Btu /
hour /eq f1 [/ °F temperature differential ! inch of
thickness) to 24 houf heat gain factars for various
thicknesses of commonly wsed insulaton materials at
temparature differentials from 1 10 130°F. These factors
should be inserted whare indicated in Part 1Il, Sectign &
of Form LE-1, and multiplied by surface ares to obtain
the 24 hour trensmission heat gain.

For materials other than those tabulated, or for com-
pound structures, refer to Table 18 for the appropriges
thermal conductivities and calculate the overall coefii-
cient of heat transfer (L) as lustrated n the foregoing
section. This is then converted to a daily heat gain fac-
tor by utilizing the following farmula:



LOAD ESTIMATE

Heat Gain Factor = 24 = U = TD
Btu / sq ft / 24 hrs *F

It iz common practice in calculating heat tronsmission
for kow tamparature rooms to ignora the resistances of
bath surface films and the building structure proper
gince thair gverall effect B guite nominal.

Heat gain factars Yor various floor designs are tabulated
a1 the bottom of Table 14, It & the usual practice 1o
assummiz & Factor of 1 B/ sq 11/ °F / 24 heg Tor freaser
floore with conventional insalaton,

SOLAR LOAD

The heat gain through solar radiation is a funétion of the
gxposure, type of surface, latitude, altitude, time of
year, time of day and other factors. For load estimating
purposes, however, this sun effect can be compensated
for by adding the degrees shown in Table 2 to the nos-
mal temparature differential as indicated in Section A of
the load calcubation form.

In instances where the refrigerated facility is on {or adja-
cent 1ol a highly reflective surface such s sand or
water, the allowances shown In Table 2 should be in-
creased by 50%

INFILTRATION LOAD

Infiltration into a refrgerated room will ocour when &
door is opened as a result of the difference in density
betwween the warm and cold air,

Since door opanings vary widely, it the usual practice 1o
gstimate infiltration in air changes per 24 hours bs
shown in Tables 4-& and 4-B. This may then be factored
by the room volume and the heat removed im cocling
outside air to storage conditions in Btu/cu ft as
tabulated in Tablke 5 to obtain the infiltration load. Space
i provided in Part 1ll, Section B of Form LE-1 for com-
putaticn of thes foad,

Infiltration may be determined more precisely by
calculating the alr velocity through the door, the door
area and the heat removed i coaling entering air 1o
room conditions, and then estimating the sverage
number of minutes per hour that the door will be open.

The averdge air velocity in either half of a door 7 feat
high at & B0°F temperature diffarental is 100 feet per
minute, Since velocity varies directly with the sgquare
root of the docrway height and the square root of the
temperature differential across the door, actual air

velocity for any set of conditions may be calculated by
utilizing the following formula;

Vel jom =488 x% H x4V TD

As an example, the valocity thru a door 8 ft wide and 9
ft high, with a temperature differenizal of 1007F, is:
Vel =488 =49 x Y100
Vel = 146.4fpm

Wre the door in this example open 16 min per hour in
a 12 hour shift oparation, the 24 hour infiltranon would
be computed as follows;

Door Area jp
Cufr=Velfpm x — Time Open miq
o,
Cutt = 146.4 x ‘E;m % 180 = 948,672

This would then be factored by the heat gain per cu ft
from Tabla § in the usual way. An aliernate approach s
to daterming the enthalpy difference between room and
entering air from the psychrometric chart, and utilize
the following formula:

Heat Gain gy, / 24 hrg = 24 = 4.5 x Cfm = 4Ah
o,
Heat Gain g, 1 241y, = 108 * Cfm % 4h
In cases where positive ventilation i applied 1w a
gpace, this load would then raplace the infiltration load

{if greser).

Mase 1: Camveris Cha o/ B8/ b (rddae 1o Tabe 48 Pg. 4T
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PSYCHROMETRICS

The Psychrometric Chart is utilized to daterming the in-
filtration heat gain for specalized conditions, or for
temperature changes not tbulated m Table 5.

Cherts 2 and 3 ot tho rear of the Appendix are applicable
to normal wemperature (329F to 130°F) and low 1em-
perature | — $0°F to 30°F) conditions, raspectively. Both
charts are basad on a standard atmospharic (or sea
levell pressure of 29.921in Hg , and must be corracted
for other altitudes.

For purposes of approsamating infiltration lpads at
highir altitudes, it may be assumed that!

* Rolativa humidity (rh remains constant,

* Enthalpy [hi ard humidity ratio (w) increase 2% and
5% respactivaly par 1000 f1 increasa in altitude, and,

= Yolume {w} for 8 given dry bulb and humidity ratio =
inversaly propartional to atmospheric pressure.

Atmosphent pressuras at varsous altitedes era tebulasted
at tha bottom of Chare 3,

An pxomple is wsatul in demonstrating the use of the
psychroemetric chart in the calculation of infiltration haat
girin, Assuming am infiltration rate of 500 Cfm, an enter-
ing air condition of 95°F dbt & 50%rh and a coolor
temperature of 45°F, charactanstics of the entering and
cooded air am first detarmined as in Figura B;

CHART 2 (Pg. 50)
2927 in Hg

&5°F 56°F

SCHEMATIC SOLUTION OF EXAMPLE

Ag indicated in Figure B, the properties of the entering
and cooled air ara:

b, = 42.58 B ! |b of dry air

wy, =0.01780 0 H.O / Ib of dry &ir
wy = 14.25 Cu ft / |bof dry air
b= 17.70 Biu / Ib of dry air

wiy = (LOOG3G b H, 0 / Ik of dry &ir

Infiliration heat gain may then be calculated as follows:

Heat Gain =4.6 % Cfm % [h, = h;)
P

Btu / hr =
O =4.5» 500 = (4268 — 17701 = 55,980 Btu ! hr

Fat+ an 8 hour shift aperation, the 24 hr infiltration heat
gain would therefore be 447 840 Bre, and this load
wold be inserted in the space provided in Part I, Sec:
tign B of Form LE-1,

The above calculation provides a conservative load
estimate since i presupposes that the total heat re-
mowved from the entering air s transferred to the evap-
orated refrigerant, This is not the case in as much as
hest leaves the coll bax as well via the heat content of
the condensate. Accordingly, precise calculation of
the refrigeration load in any instance in which anier-
ing air is cooled below its dew point would be calou-
lated as follows:

Q gy / e =45 * Cfm [ihy — b = lwy —wal hyyl

This effect is (llustrated by comparing the 1.746
Btu/cuft (M

14.25
with the 1.710 Bw /cu N tabulated in Table § for
comparabde conditions.

heat removal ndicated

Additianally, the factor of 4.6 utilized to convert Cfm to
lbs / hr incorporates the standard (F07F) dry air conwvar-
slpn factor of 13.33 cu ft / b, Obwiowsly, therefors, ad-
ditiongl safaty is built into the sample daltulation since
utilization of the actual entering volume of 14.25
cu fid b wwould result in 8 loswar mass floes.

It & to ba noted that the psychrometric chart is uselul in
calculating numergus other processes involving the
conditioning or mixing of moist air, and that no attempt
wias made In this manwal to fully develop the subject.
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PRODUCT LOAD

Thie heat gain from product loading may consist of one
ar mare of the following:

= Sansible heat removal above freezing
= Latent heat

= Sansible heat removal below freezing
® Heat of respiration

Sansible heat 1= calculated by lactoning the daily rate of
product in lbs per 24 hours by the temperature reduc-
tion and the product specific heat |the specific heat be-
ing the number of Bru's required 1o lower 1 b of &
substance 1 degres fabrenheit],

Latant heat is calculated by factoring the daily rate of
product in tbs per 24 hours by the product latent heat of
fusion [the latent heat baing the number of Biu / b re-
guired 1o freeze the product),

Applicable lormulas ane:

Qsens Btu / 34 s = Doily Rate x AT x Sp. Hi.

Qat gru / 94 s = Daily Rate % hy gy / 1b

Specific heats labove and below freezing) and the la-
tent heats of fuston for commonly encountered pro-
ducts are detaled in Table 9. Product loads may be
figured in the space provided under Part I, Section C
of Form LE-1.

As stressed in prior comments refating o the job sur-
vey, it is imperative that the rate of product heat evolu-
ton be accurately detarmined, Therein is the
significance of daily rate, since it is, by definition, the
amouint of product cooled or frozen par hour multiplied
by 24 haurs, This may be illustrated by considering rwo
fraezars, aach of which has been loaded with 10,000
Ibs of unfrozen product. In the first instance, eviscer-
ated chickens are 1o be blast frozen in @ hours, with the
resultant daily rate being:

10, 000

Dally Bate g/ 2d g = —7 % 24 = 120,000

In the second case, the product is packaged, boxed,
and palletized, and therefore requires 16 hours o give
up s heat. Accosdingly, the dally rate is:

) 10,000
Diaily Rate lbs/2dhes = 18 24 = 15000

PRODUCT CHILLING

Feoduct chilling i & process wherein product
temperatures ame rapidly reduced to 2 kevel acceptable
for processing or shipment. Examples are freshly
slaughterad carcasses and rocantly harvestad fruits or
virgatables, The benefits of rapid temperature reduc-
tien, n aach instance, dre a reduction in shrinkage and
thie daterrence of bacterial graeth.

The introduction of hot product into a chill room results
in the congentration of a significant load segment dur-
ing the initiesl cooling period. Thisinitial high rate of pro-
duct heat evolution s caused by the high temperature
ardd vapor pressure differentials babween the product
and the room. The affect is ilhustrated in Figure H, Page
20, whersin temperature reduction versus chill time for
hogs s graphically depicted,

Load factors lor chill fectors as they are sometimes
cabgd) hawva been developed to compensate for the non-
uniform distribution of product load which results,
Thesa ara utilized 10 increase the average hourly pro-
duct load which would othenwise apply. Factors for the
products most commonly encounterad in chilling ap-
plications. are charted in Table 10, and should be in-
sarted in the space provided in Part [, Section € of
Form LE-1 when applicable, The overall refrigeration re-
guirements for beed and pork chilling rooms are charted
in Page 28, Tables 11 and 12, respectively.

As an example, laboratory testing has shown that hogs
tend to give up their heat during the initial portion of
their chill 8t & 45% greater rate than is average for the
compleie penod, Accordingly, the load factior indicated
s 1.45
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PRODUCT CHILLING (CON'T.)

Faibure to apply 8 load factor o the average hourly load
Iwhen applicabdel will result o an unBcceptably Righ in-
itial room emperature, and an extension of the chill
tirme reguined.

The substantial reduction in product kead durng the lat
ter porton of the chill [15-26% of peak load) makes it
mandatory that the refrigeration system be designed for
propar function under a wide variance in losd condition.
Properly staged capacity reduction, n conjunction with
avaposator pressura regulating valvas, i commonly
employed, Other approaches include the application of
mutti-circuit DX coils, and the combning of ather (and
miorg constant) side lnads with the basic chill room foad
to enable high side equipment to stay on ling and treck
the chill load as it tails off.

Suction accumulators and liguid-suction heat ex-
changers ara strongly recommended with choss coupl-
ed DX halocarbon syalems,

PRODUCT CHILLING & HOLDING

Frequently, the same room & utifized to accommaodate
both the product chilling #nd kong term storags re-
quiraments. This is particulardy true in the case of apples
and psars,

In-such rooms, the peak load vares with the duration of
tha loading pericd and the maximum percentage loadad
on any green day, Monmally, however, it 5 naither
necassary nor advisable 1o apply a load factor o the
averaga hourly load since an unacceptabde disparity ba-
twesn the peak and hodding reguirerments will result Tsee
Maote s, Table 10],

A comimen load estimating technigue for combened fruit
chiling and starage spplicatons is (o sdd the 24-hour
pulldawn requeremeant Tor the lagt day's losding 1o the
normal room holding lead (the apple starage loads
charted in Table 16 were computed on this basss],

10

A prirme congsdenation in thes regard 5 that tha on-hand
pre-chilled product produces & flywhasal effect which
minimizes the increase in room femperature which
would otherwss result.

Combingd chiting and holding faciities may require that
existing prechilied product be segregated (eithar by
physical partition or zoned air distributiond from the
newly introduced hot product. Otherwiss, the signifs
cant ncrease o room felatve humediy which resalis
upan the mtroduction of hot produet will produce con.
densation an the prechilled product, Meat, for example,
will swest and slime, snd the bacterial growth rate will
be greatly enhanced (meat processed under such conds.
tions would not meet with USDA scceptance).

As i the case with rooms apphed for product chillimg
anly, particuisr gitention mast be gen in the refrigena.
tion plant design to ths wids disparity bebesen the peak
ardd normal holding leads, Ina Truit stosage Tacility, for
axample, the winter holding losd will approxirmate 10 to
15% of the peak relrigeration requirement, and the coil
TD undar holding corditions may, therefare, be only
2-3F [versus the 15°F and higher TD's axperienced
under peak pulldown conditicns!.

Accordingly, flooded or recirculated sefrgerant systems
are tha maost frequently utilized since they adapt wel o
the weide comiral vasiancs reguired. When 8 DX halocar
bon system s applied, the comments detailed atbowve
under "'Product Chilling” apply, Unit coolers with mubti
speed fans are sormetimes utiiced, but should be ap-
plied with dscretion green the neciessity tar positiee air
circukation through the load during stosage.

As 8 final consideration, the refrigeration design
engineer should rernember that his responsibality s con-
fined 1o the creation and mantenance of a8 specilic
room environment, |1 & neither his function or purpose,
nor 15 it within his capability, 1o guarantes a given oro-
duct cofe 1emperdlure within a specitied time frame
given the many varables {product condition, packag-
ing, wiepping, entrance rate, means of stoeage, o),
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PRODUCT BLAST FREEZING

Air blast freezing offers an alternative to the conven-
tional contact method whearsin the product b placed in
direct comtact with pipes or plates thru which refrigerant
or bring i piped.

Batch freezing is a process whergin the complete pro-
duct ioad is placed in the room and frozen in ona
loading. The resultant load profile spproximates that
previously described for chill rooms in that & majos por-
tion of the load i concantrated during the nital frees-
ing period! Accordingly, a factor of 1.5 & appdied 1o the
average hourdy load, and the Daily Rate on Form LE-1 18
computiesd by:

Product Load Ibs
24 = 1.5

Daily Rate =
i > Freazing Period s

The 1.5 factor m not to be used when products are
frazen over an extended pariod | thess wusually Being pro-

ducts which are packaged or otherwise not susceptible
to significant maoisture loss during freezingl,

gy W
T

{2
1<
N
e

bV

FIGURE C: BATCH FREEZING (FLOOR MOURNT)

Continuous load fresring 5 &8 process whearein the
product & fed conginuously thru the freezer via a con-
vayar or systemized manual feed. |n this type of applica-
tigin, the esumetad time of product heat rernoval has lit-
tle effect on the towel fefrigeration load i doss,
however, affect room sire, conveyor bell sire and
speed, el

Accardingly, no load factor is applicable and the Dai-
Iy Rane s compatad by

Product Load .

Daily Rata = w M

Process I.'Jl.irﬂ'cimﬁ.;,.E

Ajr temparature, dir velocity, product loading technigus,
and space requirgmanis arg critical conssderations in the
design of blast froezing systems (it seems that sdeguate
space for both the egquipment snd product s never
avallable). Additional commeénts, and general
guidelines, are detailod in the preamble 1o Example NI,
Pg. 14

Figures C, D & E depict typical room ayouts for batch
and comveyor-fod blast freezers.

i

t
uir

Modn 1; A&s 8 procuct irmaees, S
o ber Frozen portion becomas an
insulatar and {15 fa3e of heat

evolution decreases accordngly

FIGURE E: PROCESS BLAST FREEZING

"
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RESPIRATION

Fruits and vegetables are living organisms which com-
timue to respire and camy on certam other ife processes
after harvesting. Tha carban in the product combines
with the axygan in tha air with the resulting chemical
process being exothermic. This, in turn, resubts in an ad.
ditiznal room heat gain.

Thea heats of raspiration for vanouws products i Biu/
Ibf24 hrs are tabulated in Table 3 at the temparatures
recommeanded for both long and short ferm storage.
Respiration heat [or reaction heat as it is sometimes call-
&d) vares with temperature, and decreasss significantly
with 8 feduction in storagse temparature. Tharg I8 no
correlation, however, batwean respiration and ratativa
husrnidity,

Sinca living organisms are invalved, the temparature in
long term storage rooms should be controlbed within
17F; otharwise, the physiology of the product will be af-
tected, and the dormant state in which & has boen
maintainad will ba disturbad,

Mdeats and fish have no continuing e process, end
therafore ganerate no heat in storage,

The respiration heat in controlled atmosphare (CAJ
storage will be less than tha values charmed in Table 3 as
a result of the reduction in reom oxygen contant,

SUPPLEMENTAL LOAD

All additional heat dissipated in the refrigerated space
must be accounted for in computing the overall loed,
This includes enargy utdized for motors, heatess, lights,
people, forklifts and ralated miscellaneous heat
sources, Supplamental loads of this type éré computed
in Part IIl, Section D of Form LE-1,

Occupancy loads are tabulated in Table 6, The hea
equivalents noted should be Increased by 20% if oc-
cupancy periods are of shary duration, Utilize the
averpge number of personnel in the space.

Heat aquivalents for electric motors are listed in Tabile
3tar each possible application lie, motor and connacted
lzad |m the refrigerated space, connected load only in
the refrigerated space and motor only in the
refrigerated spacel, Equivalent horsepower ts deter-
mined by multiplying the mator horsepower by the frac-
tan of epch hour operated,

Storaga room lighting may usually be assurned at 1 1o
1% watts/sq ft. Doors, offices and work rooms requira
2% todwatts / sq fi. Forklifts may be estimated at 4 to
5 hp if mare precise data is unavailable, and should be
converted to equivalent horsapower 83 above,

The defrost heat load in & refrigerated space varies
with the rate and time which heat & reguired, and, in
gome cases, with the unit cooler design’, In secion O ol

Form LE-1, 25% of the heat imposed ia dachitrarily
alocated to room lasd [the assumption being that this
amouni & aither radiated 1o the room or retained by the
coll masa, with the remainder lgaving via the coi con-
densate.

Charts, trays, racks, pallets, e, seldom conribule a
significant load, but must be eccounted for in high
VORITE OperaTions

Electric anergy from any source may be estimated by
miuftiphying the applicab:le wattage by B2 124 hrs = 3.4
Biu / Watt ! hrl.

HOURLY LOAD CONVERSION

The 24 howr iotal sbiained by adding Sections & thru D
af Part ll, Farm LE-1 |s converted to design refrigara-
tian boad in Biu/he by applying tima cycle and safety
factors,

Time cycle factors for various applications are chared
in Tabde 8. Tha divisors listed in column 1 represant an-
ticipated operating hours undar various frost condi-
tiong. The operating times noted are average, and are
not applicable to all applications. Some freezars, for ax-
ampla, may require defrosting only oncea daily {or, in ax-
treme cases, ance weeklyl, The factar salected,
therefore, represents a judgment consideration based
upon the amount of meisture expected to entar the
space from infiltration, product shrinkage, atc.

A safaty factor correction of 5 to 10% o the hourly
load resulting above iz suggested. The figure ssbected
is, again, a judgment conaideratian, Factors in excess of
10"% should not be necessany.

OTHER CONSIDERATIONS

Data herein, and the oversll farmat of Form LE-1, both
presuppose a “total load'” estimating approach {ie, the
coembining of sansibla and latent loads). Accordingly,
pviporative loads such as those resulting from product
moisture loss, wash water, etc. hawe not been con-
siderad snce they hava no net effect on the total reom
load {the resultant latent heat gains serve as credits to
the sansible heat load due to the evaporative cooling ef-
fecu,

This approsch satsfes the requirements of most ap-
plications, This & particularly the case with freezers at
15°F or below sincg vanation of the Apparatus Dew
Point (s, the average coil surlace temparaturel has litthe
of no &ffect on the sensible heat factor, or the moswure
removal capability of the cod,

Furthar, adherencs to the guidelines charted in Tables
17 and 18 for mecommended coil TD will produce e
guired room relstive humidities in most instances. In
thosa cases where long storage under close humidity
controd is indicated, howewer, the possible requirarnant
for reheat or re-humidification must be investigated.

12 Mete: Ore siog of Krsck wnit coolers, for example, incorporabes 8 dooe on the unit discharge which sutomabcally closes wpon 1he
irsigticn of @ defrost cpcle. snd thershy minimizes both heat absorpton by the wnit ord direct hoat TenEmission o th moom.



APPLICATION EXAMPLE

I. FRUIT CHILLING AND STORAGE:

The sxpmple balow illustrates the load profile for 8 sppical
carmbination chilling bokting fecility, Thres common product
lmad estimating technigues sré shown, with the pre-calouiasjed
velegs charted in Table 16 olMering the ssnplest apgecach
Imote that reaplratan heat i@ neglected whan a load lacior =
applied to the average hourly pulldewn lead)

Raoom design dry bulb varmes with prodeet varsny. The contral
tamgamaune for apples, &8 an example, rerges Irom 38°F o
Maeintosh |as ghownl to 325F for Golden Deicious, Reltive
humidity = maintained a1 88% for apples, and 52-95% Tor
pears. Room condition is not signilicantly allected by daity
product loading dus o the Tewhesl affest of the an-hend pre-
ahilled fruil. [(Note that room temperature anly should be
guararmesd, &nd that no commment os 1o time reguired for
product pulldevwn should be made dues to the many un
controllable lfactors. (W, iype of packaging. posiion in the
|oad, method of Stacking, ete, ),

Fruit stored for extended periods [over 3 monthsl 5 usaaiy
maintamad under controlled atmosphers (o C A storage
condions wherein the O, concentration is reduced from 1he
rnormal 20% to e el of 3-75%, with 8 correspondng incrense
if the O, level from & trdce to 2-5% jthe purpose of ©A,
slorage being b minemize product deteriorstion during
sroragel. Raspirston heat & redeced 1o 2 fraction of the nor
mal rase A% & resull of the low Oy concentration, C.4. storage
facilitiea are commonly sub-divided into 807 =« 100" =207

modules o anabée product availability in saleable guanticies
when the room seais are broken, Water defrost and 460Y
TENY motoes are freguently urilzed 10 maximize ralizgbility,
ard control davices are externally mounied for serviceabiny
given the non-acoesstda amvironmant

Appdes pre usually containarized = g or wood BoNes, of in
liber cartons, The fruit may be indivdually tesee wrapped, or
placed in poly bogs, Ungraded frui s stered in 1

AW x4 4" tote bins Product loading denaity averages
25 b/ ou ft.

The refrigeration system for 8 combinanon chilling holding
facility mast be spacifically desigrad far sdequete function
under the widaly divergantl pulldown and wintér holding
bpads. Since operational coil TD's will range from 16°F (o
highar) durlng pulidawn ta 2°F lar leas] wwith the wenter

looded of recirculsted systems ane the most
mad-l-r adapted 1o fruil s1orege appicetions,

Whaen a DX system s applied, f must incgeporate properly
slaged capacity reduction o conssberaton ol e wide load
varanca, Multhspeed fan motons may also be applied, buy
have an obvious adwerse elffect on ar mowverneni thaa tha
I,

Coils should be seleced for & B-B°F TD (o maintain redguined
humidity, Since all rooms regquire delrosting, a 4 FPL coil
design is recommanded,

Refor to the text, Pg. 10, for more detated infarmation

FORM LE-1
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APPLICATION EXAMPLE

ll. BLAST FREEZING:

As jllusirated in tho examplo, the load profile of a batch blasi
freazing process dictates the applicaton of a load factor fo
the average hourly losd which wwoakd ciherwise apphy. The
rasult I8 @ retrgaratesn syscem propedy adaptad to tha initial
high rote of product beat evalution. The wsual factor is 1.5,
bt a lower number 5 sometimes applied bosed on ax-
perenca, In ganeral, paoduets wih high surface-to-waight
ratos freepe o 2 1o 4 hours, and lower factors aa tharetor ap-
pkcabla when en extended freezing penod i allowed. Mota
that no loed facter should be applied 1o convayor fed
blastr freezers, or to rooms eguipped with single
halocarbon refrigeration systems {m he latar, freszing
time should be extended, and the room @mpsretus 8liowed
{0 e

Special design corsiderations inchude the provision for room
peraasure raliel, and the consistent probiem of cbaining ade-
fuale space 10 accommodate boih tho eguipment and
product,  Prowsion for hestor pull space mus! be mada
wilh alectric defrost units. Utization of coils with varable fin
spacing minimezes the dafrost requirement,

The loliowang procedure should be followed in arriving at
bBilasl frasrnr design;

STEP 1. Deiermine whether 8 comveyor or batah leaded
froerar B best applied. This judgrment is usualy based an
product test data whersin freezing Wme wath varlous air
1lEemparaiures and velocities has been determined. In general,
batch loaded freesng = appied with products requiring 1%

hours or more o freeze satisfactorily: products which Treese
Iniess than 1 Y% howrs aro comeyor ted.

STEP2: Determine the space imitations of the room
Irgmembes thot the space mitially aflocaied by others 5 {ne-
guenily nsufficient to accomodate both the equipmeant and
the product].

STEP 3: Finalize tha room design criteria, kaepieg in mand
that design air walocity and temgsaratuse are most critical, and
thar thesa faciors ar he prima consdaratens i 1M sedacTon
of & blast freszing uni

STEP 4: Salect agquipmant as dictates by ropm size and prod-
uct mags, and wivich is in conformance with tha reguined air
wmparature and weiocity a5 finalized in Stap 3 (follcawing
review of the pilor freazing 1es1 resultsl. Tha aguipment
ermployved should be specifically designed for blast froazing
applicatian, end should be capabda of producing axtramaly
high air welocites and volumas:

STEP E; The last 5i0p s 1o position the unitin tha room, Refer
to Figuras C B B, Pg. 11, fer typical batch kpadad blast
frengars, Mote that the air wrevels from right to left in these
diagrams, pessing thire the product and gradua®y warming up
before being renmad o the coll. A critical fsaguirement in
bigst freazing of this typs & that peoduet be losdad across the
complere rodm width theraby preckeding the cold air bypass
';'rhil:“h witild otherwise destroy tha effectivansass of the
TEEzar,

Reder to the text, Pg 10, for further decussion, and fa Table
13, pp. 28, Tor test blaat Ireecing date on selected prochecis
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APPLICATION EXAMPLE

Ill. BEEF CARCASS CHILLING:

The lnad charactarnsnics of & carcass chill room lor the 'Hor™
coaled, B it s commonly callsd] gre such that the application
of & logd factor 1o the gverage hourly product lead = man-
datary. The imitial rate of Feal aveiilian has been shown by
paar 1o exceed thwe averapgs houdy rate by 50%, Hanoe the
load factor applicable is 1.50. Ths tygcal load profde B i
lustrated in H%ur! H, Pege 28, wherein ting/1amperdiure
curvas for Het Chilling asa ploted.

Otheir specialized design and operaticnal requiramants apply
Al height &s dictated by USDA must be 171727, and a4 105
fi clesrance above the rails is required for supporting stric-
ture snd equipment placement; accordingly ceiling hesgh
should be 16 Bt at & mansmum. BTR units are specifically
designad far this-application, end should bo utized whonever
possibyle (ihase units will rccommaodate 2 rails on eithar sidal,

Small planis can present particules problams. Frequently 12 ar
14 fi caling hesghis are ancountared, as is he placement of
atreciural steel within the anvelope, In an application of 1his
type, it 5 egsental that the melvigeration be coordenated wath
the streciure 1o assure @ clear air How a1 the discharge of the
it eoolers. Hew-caver® or draee thry fype unil cookrs mus
e Thush mounied with the ceilng around the paripbeny of the
room.-

An additional USDA raquirement & that dealn pans be -
sulated to prevent drippage on tha product; siainiess

enciosures a5 found on the BTR sories are optémum

Linit conkers should be of 4 FPI caoil corstmction, and be sa
Incted for a 10.12°F TD {tha indtsal TD will approach 18:20°F,
bust wwill o rapidhy wath the fall-off in loadi, Variabée fin spac
ing lwherein the first 2 rows are of 2 FPE construction) mini
mizes the defrost requiremeant, but s not mosmmended for
DXF applications since 8- 2 fin peér inch cod Tace produces mar-
ginal superheat,

Defrost s usually accomplished 4 tmes daily, with gach cycie
bewg of 15 to 20 min  duration, Small rooms esually approx-
irmate 40 g 11 Ston, with large facilities opproaching 5570 sg
ft Jton. The following guidefines may be applied;

®* & head per ton

* Bsq ft perhead
The relngeration plant shouki bo desgned to adapt o tha
wide load varancs. Multiple comprossers wilh unloadars am
recommended (o bavin enit & illestrated in the examplal. |mi-
properly applied equiprment will short cycle, pump-dosn tha
coils, e tharely dry out the produat

4s a final considerstion, it shoubd be notad that round
temparature cannot be pullad down in 18-24 hours. Ac-
cordinghyf, a prodhict lpad must be estimated for the holding
cooler which will apgroximate a 15 degree, 24 hour pub-
down of 10% of ihe carcass weight (unilize 20%: af the avarall
waaight for small rooemgh

Beter 1o US0A handbook 197 for detalled meat packing-plani
design guidalines, and 1o tables 11 & 12, Py, 28, for pre-
cilculated chill room leads,
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APPLICATION EXAMPLE

IV. BEER STORAGE:

Beer storbge facEtos ara refrigarated for the pumpose of main-
1sining product quality 'with an extended shelf life (from the
usunl B2 days, to.as much as 180 days at 40°Fl, Tha axpanse
is justified by the cyclical nature of industry sales. Storage
temperatures vary from $°F 1o T6°F, with the contral puing
being adjusted in accordance with the dew point profile of a
givan area [the meason being that carmoning would othanwise
disintegraty upon exposure o ambient condisongl. Drawght
beer (kegs) is stored in 8 separate cooler snce it must be
maintaingd at 8 consiant termperature vear-round (the range
being from 34°F to 38°F),

The product leases the brewery's pasteurizer 41 8 maximam
tempaaiure of 86UF, with its temperature tange prior o0 ar
rival af the dstibution pont mcreasing |decreasingl 1°F if
shiprment ig by truck, o 19F par day i shipment s by rail,

Beer is shipped by pallel, with a rail car containing 50 pallars,
Car lpadings are mixed in accordance with a distrbutor's sales
profile. Kegs may be included with a cen o bottle lead bahind
2 bulkhasd packed with dry ke, Fallgts g woeod, and very in
wiekght wilh lpcation from 38 ta 44 lbs. (lar cansl, o B5 s,
i(for kegsl: 42 ibs. @ the most commaon weight anopemared
with carns or battles, Dimansioraare 327« 377 = 73°

Pallet rmefngaration ipads based on a 45°F/24 hour product
pulldowm are as follows:

Thea followang procedurs shoskd be followed in estimating 1hi
relngareton load;

STEP 1: Determing lacility operational specifics such as
method of truck |loadmg (end or sxie), the peroent of pre-
gnld !/ schaduled deliveries wvs. driver. sales, tha seguirod
numbrer of palket facings, a § year sales progection, the
pverage number of inbound car losds day, eto

STEP 2: Fofowing roview of tho above with oporating per
sonned, defing the spaca to bo refrigeratad (the primary con
carn being whather the lbading and staging areas should ba
refragaratad). s the wsuEl praciica 1o &ize for expansion plan-
nind @vs & 5 year pediod

STEP 3 Determing tha distributor’s annual sales profile by
product category, and computo the average palla: rafrigera-
1 lgad on a weighited average basis.

STEP 4: Obtain the aren dow point profle, and subsaguently
astnbish minimum stomage termperabers by month,

BTEP &: Estimale the heat galn Tos gach of several reprasent-
Ative monthd 1o determine the paak lsad. [NOTE: As -
lstrated in the axampls, the peak load will eccasionaly occur
dhering 8 winter manth due 10 maximum product puBdosn ra-
e,

STEP & Reviow altermate insulaton opfions o thoso as-

CARBES/ BTU/46°F/ sumed in Step 5 abown, A compound U vakie of 080 iz a

TYPE CONTAINER PALLET HMHRA commaonly accepted design, but vahies as low as 035 are
. 1% Ok Vray stes cin a8 85,000 somatimes justdied.
" 1202 tréy alum. can 98 B4 800 STEP 7: Design the refrigeration system for proger function
= 12 oz Mich', N.R. 56 54, 000 inddar the load variance determingd in Step § above.  Coll TD
* 12ozN.R., 4/8 7 75,400 is not critical; wtilize § FPY construction,
» 12 oz rar, 24 49 51,200
® 16 oz tray s1eel can T Ao, B Bae Tables 200 thru 32, Page 37, for additions! produect load
* Cuart, N.R, L 63,200 and containes data.
FORM LE-1
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APPLICATION EXAMPLE

V. NUT STORAGE:

Muts are received from growers dunng the Ootobar thru
Fabruary harvest season packad in burdap bags. Bag weights
vary fraem 80 b (for high quelityd 1o 150 b 1for amall size, o
saadlingsl: average bag walght B 126 I, with 8 truck load be-
i 360 10400 bags.

Upon receipt a1 the processing ard storage facility, the pro
duct is cloanad, sizod, and gredod, with mescelaneous sheds,
trash, @ic, being remowad. 11 s then segregated into 7 or B
catagories by size, and packed loose n B80° < 427« 43 weond
tote boxes for transfer to storaga, Box weights average 170
Ibs, with each containing 1800 to 2000 Ibs of prodict. En-
trance rate inie the cogler is 8 function of the grading
machinery cagacity (and not the mie of inbound shpmanis
from groveers)

Tote boses are generally stacked 4 bigh for 20t The box
batarrs and sides e perorated with small holes, and these,
in comidsination with the loosely pacied rature of the product.
endbie adeguaie ar movermant thru the load,

Customer orders ara filled from storaga, with the appropriatn
size and g;rll:l_: nuis baing lrnng;.‘l'grrnq- 1o ther plant Ay winmrn
shelling, cutting and repackaging for customer shipment oc
o,

Propar storage moom dasign s 8%F to 32°F with 2 65%
refativa bumidity; malntainance of constant humidity s
critical. Procassing and plant areas am not usualy air condi-

tioned, Sinca the product eniefs storage dureng the fall and
winter manths, the paak pulldown, transmission and ifitra-
tion o= are not coincident (note that incoming srodust dur-
ing the summer months usually represenis iniEr-warehouss
trangier, and is pra-rafngaratad).

The usual praction, therefors, is to estimate the load on the
pasis of the maximum Mansmission, inlilteation and
miscallangous loads anly, with the produst ed neglected,
An altesmate load esimating lechnigue is to compuie the pro
duct load based an 24 hr pulldawn ai the maximam antranae
rate, and add the wususl treansmission, infiltration and
micellanaous loads recomputed for @ lower design ambisng
(g the exampée refigured on this boss withoa 75°F outdoor
design, the nel @Mfect would be to meduce the transmission
g infiltr@iaon logdts 10 1.E midiepn and 1.6 million B/ 24 hes
raspectively, with the owerall Inad bacoming  slightly
oyersiated ol 60 tomal,

Coils should be selecend fora 12°F TD, and may be ot 4o &
FPl construction, Multipls compressors ane recommanded 10
ndaps to the widely divergent peak and holding loads.

Frovision for reheat s useally ndcessany 10 assuta main-
tenance of constant humidity under ight load conditions, Tha
wmplest approach is 10 de-energive one refrigaration system
while continually operatng all unit fang, lights, and a preds-
termined numibsr of defrost bapters (tha nat effect being o
false foad the operative refrgeration une), This approach re-
guires the adddion of a temidistat and humedity refay (the
function of the latter baing to de-energee the required refrig-
erahan circuitry and to activale tha dofrost hoatarst
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APPLICATION EXAMPLE

VI. DISTRIBUTION CENTERS:

The melrigeration load n 8 food dstibution facility ditfers
substantialy from thal common le halding rocms wtilized far
tha extended (o, long erml starage of seazonsl snd process
Ty, Product rmawvesnent, and the actrvity level in general, is
hagh, with he resull beng sigrfeantly mereased infiftration
and supplemental hear gaird,

The produce cooler depicted n the example & illustratee of
the application in general, Raoms of this type are maintamad
ar 32-35°F with hegh humidity, and open into o skging or
loading srea mesl frequantly controlled at 50-B5°F. There is o
significant infiltratbn heal gaem reslting from the hegh e

guency Bf product movement (it is nol uncormmaon for the en

trance doors o e open B0% or more of the fims). Vestibule
ard air daars, or strip curtivies, appreciebly redgece this load,
but are aftent not employed. Consoquently, the infitration
loed can approach 2 to 2.6 tons per door. An additional
characieristic of this type room & the significant product foad
resulting from roaction haat; this load may usually be
estmatad at 003 to 004 tons/sq fr and tha room losd
orvaral will genamiy fall batwean 150 and 200 sq f1/ton. Pro-
per enquipmant application dictates unit coolars salected for o
B-9°F cod T.D., with faca walocities nat in excess of 600 FFPM
for wet coil operation, or 700 FPM for light frosted
operation, The over-rifing dasign consdaraton in these
rooms B the pravantion of product damage from shrinkage,
drying, or maold grawih.

Dell coolers are Eenﬂallv mainiainad 81 & slightly bawer
temperature {30-339F), and repreésant an even morg severe

applicatan from tha standpoint of infiltration, bn many rooms,
the doors are newver cloped, with tha resulting infitration gain
baing 3.5 1o 4 vona/door, The averall rocen load usually ap-
prosimates 200 o 226 5 ' ton,

The ipad In helding freezars i depandent in largs reaasns
on the candition of the inbound praduct, Freguentty, a 10 w
15°F pulidown load k= imposad, and. sinca movement 8
haavy, this koad is significant, Infiliration can be estemated a2
tons/door. A lsad estmating guidekea of 200 o 300 sg
i/ tan applies dus 10 the wide varance in product load.

The refrigeratdian regusemsnts for loading docks are dil fcul
1o estimate, The actwity level & high (personnel, Torkdifts,
et |, = is the rate ol infiltration. Dock seals may be sithar
wern or damaged, or not adagiable 1o certain trailer cavities,
Forced ventdalion & sometmes uilized (o svacuate axhaust
Temes, and, when present, will supplant the usual infilration
b (i greatec). Docks are mantained at 36 10 5EYF, with tha
lweer temperatures affording the dusd advantage of increased
Mexdnlity and decreased load smposition on adigcent resms,
Unit coolers should have face velpoities under 850 FPM, and
b placed such that they blow towward and above the doors to
E:raln an air cyrfain offect. The load range is 150 to 175 sq
ton,

Ripening roome am usually located at the rear of the loading
area, and may be of . 10rd carcapacity, The lpad ranga is 3
to 12 tons per reom, and is pocommodaied most offectivaly
with indhidugl hadpoarbon systems specifically designed for
this sppbcation. Sinca the full compsament of rooms are
saldom (i aver| in simultanaous servica, a load diversity factor
of .75 can be applied i a ceniral rafrigezation plant is utlized,

FORM LE-1
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APPLICATION EXAMPLE

VIl. WALK-IN COOLERS:

GENERAL

Pra-labricatad walk-in cookers and Treezers are utilized for a
wiide wvarsty of refrgeraied sioeage, chilling and fresezing
apphcationg, tha most cormman al which = tha poineg-of -saka
halding room

Since standard configueations with an extensive experience
factor are involved, lpads may be precalculsted and charied
a5 0 matter of convenience.

& brigd descniption of the precabculared walk-in cooler dats
included harein & as follows:

TABLE NO, DESCRIPTION
40 Tabulates transmission, infiliraton, ghiing,

ocoupancy and melgted mscelansous oods
for 8 and 10° prefabwicated cooders in the 40
st cormman configuritions. Mote that prod-
uct bpad is excluded for the purposs of &na
bling greater applicational flexibility. Loads are
based on:
= O5°F amblant design
* Ayarage usage
® [ndpor installataen
® 37 urethane |or equivalentl msulation
= 18 hour compressor ogara ton
Correction faciors are notad tor other am-
bsmnts, and for light or heawy usage sltuatkns,

4 Tabulates average product boads by room
woleme, Dats & besed on actual Hussmann
experience with fleld applcations, and Is
intended for use with holding rocms only
when the speeilic produet loading is
urikrown.

a2 Tabulates specilic product lsads an the basis
of 24 hour pulidawn with 18 hour oparation,
This table should be used for all pulldown
coolers and fresrers, or when the spocific
product entering rate and condition B known,
Bote: batch bisst freesing, and cartain othes
spocialized spplications such as ce cheam
hardening, require adpusiment of the 24 he
pilldown data, The applcabla formula is:

Charted Vaolue = 24

Qo s 24bes = Pulldowm or Fraazing TIME peg
43 Tabulates additional infilretien loeds for glass
display doors,

Additionally, Table 32 tabulates the tolal capacity re
quiramaents for walk-in bear storags coolers.

Product loads not tabulated n Table 4%, or koads for spe-
gipkiad applications, may be estimated in the usual manner
utifimmg Form LE-1

SPECIFIC EXAMPLES:
i. Coplar — Avarage Product Load:
100 = 1270 = BTH @ JE°F
* 55°F ambient desagpn

= Retng. load less product

iTableal) . .. 7,000 Bitia/ b

= Avpsage product load
{Tabla 41} vosasrrwns ook B0 B e
Total refrig, boad. ... o0o00 o0 3000 Bru/he

Il Mk Cooler — Spocific Product Load:
o 10W = 12°L = 8TH @ 35°F
= 300 gal/ day entenng & 45°F
= 10 howsr paldiosen
= 30°F ambiant design (air cond. spacak
= 33307 = 66" glmdisphvﬂwrs
] Hairlgﬁlnm hags product { Tabés 442'1
O.8IC.F. &80 .. ... Gl Brud e
= Product bpad | Table 42}

456 Btw/br 100gal . a0 24 3,203 B/ hr
100 10
* Display door infiltration ( Table 433
R A = FOR, 2 880 Btwihr
Toeal refrig. load, ... ..o, 11,607 Btu/hr
HL. Habdkng/Pulldown Freezar:
e 1B°W x R'L = M0°HE —20°F
« 2000 is fish ! doy entering (@ 35°F
# 10°F ambient design
* Product packaged & boxad
#® 1§ heprir pulidoeen
* Hafrig. Ioad less prudul:HTahhim
26,600 Btudhr = 1,10
(C.F. & 100°F), v oo 29,360 Bew/ he
* Product load | Table 42|
17 Bl hrf 100 lbs = % f; .. 24510 Bru! hr
Toial redrig. load 5 T0 Brwlbr
W, ke Cream Hardaning/Stonsge Froaper:
= 30°W = 30°L = 10°H @& - 20°F
= Solt mix @ H°F
& Angume maxenum dally capaciiy
= 100% ovarrun; wgt/gal = 4.6 lbs
- B'E“Famblmtd:;fnn
- Fla!rlq tead less produsct
abladdl .. . _...... C AT (00 Bl br

L] Fr:-m-nu-:ra»leabiu 421
Assuming 3.3 gal/sq Tt 1sea Tabda ¥, Nota T}, the no, of
gal 1o be hardenad is!
00 sgf = 3.3 gald'sa fy = 2970 gad,
g the product load bosed anca 10 hr hardening time =

themfare!
3284 Bru/ne) 100 gal = 2670/ 100 =
| 34 083 Biudhr
Tosal rafrig II:I[Ld T F71,083 Biud br

V. Baer Coolar:
= 12°W W 20°L = 10°H @ 35°F
= S0 cesa capachty with 20% dally turn
= Product antaring temp. of G0O°F
= 85°F amdsbant design
= Retrig. load less product assurming haawvy
usage {Takde 40}
11.100 = 1.15
{C.F. (@ heawy usagal,
* Product lnad [ Table 424
2ER0 Bt/ br/ 100 Cases =

R = e . 4.B0G Bra hr
5= T00

o212 M85 Brudhe

Total rafrig, foad 7.5 Budhr
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APPENDIX—TABLES

HEAT GAIN FACTORS IN BTU/SQ FT /24 HRS FOR COMMON

INSULATING & BUILDING MATERIALS

TABLE 1A

| BABE|ZECRRICREES CEsSR  GREE ESDIR pou) 2xcrR RSl AEBIES- 2
K| EEEB| FECER BNEER CEscK §=50 BUEER EER CHRE| FB| ZIRERE =
@|g| EEER BEROS REEIZ HRERR GER| EEEEE RER| SR=5 B 28RgFs g
=2
<|F| HREB S=HSS EREu= ZuorE HEE EESES gE8 ge~s) 5 CEsEER s
L2 MEBES BCESS ZEELT|SErrs SEE| EUEREE ZER|(SsES| BE| ESF zas =
S p| AEEG BEs=sjEras| szess EHGS|E@eGE BAD| @ess| 8| 55 EEE 3
|
[
m_m BEEB| ZSSEE SEIEE SENSER FHIS|SSRER pEc| S=ns B8 Se3zes B
28| ceszleReEn|g-c=% s snc| Zagm|=secs -su| eemp| 28| Ecsim=s| @
m 3| BEER= SSEEB NERER srEES EERE| CEERAE BEFRE| B8 BEE|GEG|izx=R| BB -
" ]
4B HppEE 5ESCBZERES FESRS SEES RAEM® BEs| SERS|EBEE| =33 828 g3 z
LB B3N HsnER EIcEs Nanny pRoS|cEctY fc2e| ~mRe|EEE Eecioor g§ &
Ll g|Ecezs| 828052 8E8- | 2ExRE| PYEE FEESI g cRSC|BIR|ERD mas| =559 =
m
=
JRIESEEER E~ERIEEACERN| CRRYY HEGE BRI CRI=| EEIA|ESR| SRS CRR =g =a R
ple|BEnsE mEazEg|srans Ruson SEsE|CESYR gren| Aess(RE0| BT BEY| o3 =l @
|g|lHBEsE BasResEcre secen] CoSE BRUNRK EHEC| Z3RS| EEE| BER|EYE g8 85 9
il
m Rlopgar BRARYS HEREG| FITRA|FRERE | ASAAA|INGG| 99RR|EBF| BS8|E93| gg| @@ A
L fBEss8 FEYUR ERNED SSRAR RIRAR | SURARI SR SANA|EEE §RREAS gEl A% A8
L g|oEoER SESRX ESEXY SHNSS EESSG | URNNAIEECH FANAEER| OAR SRR ggl 90 =
m =S EEEEH TEESE SRS | SRS HEERS | AEZRER EEEY) BAUHA FEs| A8 IFTRE mm R B
ElglgEsns $ENAR|ZERYH| NEERE|EESRT | ANARA fens| RERT|EEE| A8A|HRR| g2 mA =2
Bl lEBEER SRNAAINICEAR AR PERSS| RUNBCI AE33| ANSC(ESR AR AR cpelgaln =
=3
_-_.Ml._. RlegRRE AREREY I_m.ﬂﬂﬂ.mmﬁﬂﬂﬂ oREeEnDRn e2c=zoo Humﬂun oo |ERE| BRI SE" FRE RR = =
Zlapmen comas umuwwugaruﬁ mopzs | B38| gpes o " | gen =0= mmm EErlEs| = =
~(SREAR 55585 IRINR| FECSSERSIE RN Inec| RC2R AR BEE|350)  [aNE S
i = < B o ™ SHF
- 8 @ i T - i :_mm.mm.&.
SSEV1DHIAIS HO INTHALSATOL | S13NVd INTHLIIHN
SEYIDWYOS OHYOENHOD INIHALSATOL a3anELx3 32 d-NI D3IWVO0d SIVIHALYW
030NV4x3 “INYHLINN BV1S BNITING

Nate 1 47 sub llooe & 47 wedring surlacs snclsng Inmrmadain msalenon siab
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TABLE 1B

APPENDIX—TABLES

MEAN TEMP 'GGHI:IULTl'H'lT-"I'

HEAT TRANSMISSION COEFFICIENTS FOR OTHER
INSULATING AND BUILDING MATERIALS

COMDUCTANCE | RESISTANCE

ool T2 o (hickredaes b mess UL S Desgparimemt of Commeice Ssandand

DENSITY R
MATERIAL LEICL FT *F K C PN OVERALL
Asbastos-Cemeant Baard 120 75 4.0 - 035 ==
5 |Plaster Board, 1/2” B0 76 - .20 046
£ 2 |Plywood 3 5 0.8 - 1,75 =
6 2 (Insulating Baard, 22 75 = 0.82 - 122
S8 | Sheathing, 1/27
& |Sound Deadening Board, 1/2°] 15 - - 0,74 - 1.35
Hardboard, Shding 7/16 4] 75 - 1.4% = oEr
Particleboard, Mad. Deng. &0 15 0,5t = .06 =
| E a Vapor, Permeable Felt TS 6. 7 - 0%
‘a H‘_ Vapor, Seal, 2 Layers 75 - 3.35 - L1
| =g § of Mopped 15 b Felt
2% |vapor. Seal, Plastic Film 75 . - Neg
Carpet & Fiber Pad - i) - .48 - .08
Carpet & Aubber Pad - 5 - 0,81 - 1.23
E Cork Tile, 1/8° - 76 - 360 028
& |Terrazeo, 17 — 7h = 12.50 0.08B
o |Tile, Asphalt Vinyl - 5 - 20,00 - .08
E ot Limalaum
aod Subfloor, 25/32° - - - 1.08 - 095
ood Flooring = = = 145 = .60
|Blanket, Fibarglass 1.0 [ 0.2 + 3.45
(Blankat, Minaral Wool 0.5 75 0.3 .12
|Loosea Fill, 5.0-B.0 i) 0.37 2.m
E Perite. Expandad
F |Loosae Fill, Glass Fibar 2.5 76 0.x 3.45
< {Loosa Fill, 1.0-8.2 Fi] 0.47 - 2.12
a Varmiculite, Exp.
= | Insulating Rool Dack, 27 - 4 - 018 L
= |Mineral Fiber Board. Fi] 0.42 - prfic -
| Accoustical Tile
[Roof Insulation. 2 INoe 1) — 7E — 0.8 - b.56
. |Bawedust = 5 0.45 = 2.2% =
E Srow — al 1.2-36 — 0.83.0.27 —
= il = = 72120 - 0. té&-0.08 =
Watar — - 4. - 0.4 -
Brick, Coarmmon 120 Ta B.0 — 0.20 -
Brick, Face 130 N a.a - 011 -
e Concrete [Sand B Graveall 140 12.0 - 0.08 -
i |[Conorets Block (Sand - P - i ) - 1.1
E Bt Gravel — 87
wn  (Concrete Block, Cinder, B” - e - 0.8 - 1.72
2 |Concrete Block, Cindar, 127 = T5 = .53 = 188
= Gypsum Plaster | Sandl 105 Th 5.8 - 0,18 -
Stons. Lime or Sand - i 12.50 - 008 -
Thla, Hollow 2 Cail, 7 - i) - (.66 - 1562
Asphalt Roll Rooling 0 Fi - 6.5 - 0.15
Roafing, Bullt-Up, 3/~ EiE Th - a0 - .33
Shinglas, Asbestos Cemant 120 Fi1 - 4.7 - 0.
g (Shingles. Asphalt 0 it - 2.7 - .44
Agphalt Insul, Siding, 1/2° - 5 - 068 - 1.46
Wood, Bavel, 1/2° = 8° - 5 - 1.43 - .81
2 | Lapped
& [Aluminum or Saaal - - - 1.61 - Q.81
& | (Shesthed)
Insulating-Board - - - 0.55 - 1,82
Backad, 3/87
Hardwoods [Mapla, Oalk] 45 15 1.10 - .57 -
Softwoonds |Fir, Pinal a2 15 .80 - 1,28 -
Softwonds [Fir, Pinel, 3/47 az 5 = 1.08 - 0,54

Extracied Fram 1872 ASHRAE HamBook of Furmlamancals — Repnaisd By Permesson

pal



APPENDIX—TABLES

iy V=N lSOLAR RADIATION ALLOWANCE
"FTO BE ADDED TO
SURFACE NOAMALT.D, INOTE 1)
TYPE Bt | Sah | wem | Fm
Wl Wil wal Hazi
= Stz Aoaling
g Tar Racting B B B 20
Black Pamils
LEnpainied Wood
Z | B
& | RedTie B 4 B 15
E Dark Ciernem
RAed, Grey, or Grenn Poind
White Srona
§ Light Crloend Ceman 4 2z i g
Wiksaa Farrir

Fenness 1, The F clagraes moted are bo be sodsd bo Ihe normal
Ernpiture diflerence to compensate for aun effect in
cakisilating] IForams=on heot gain.

TABLE 4A

2. Mo ia be used Tor air candiiorng design

3. Ao B bo i haeted valoes Tor Buldicggs sdacent to baghly
e ohive duraces tuch g8 sun, witer, or beit-repelent glass

3 MOTOR EQUIVALENCIES
BTU PEA HORSEFOWER-HOUR
HORSE- Covescme Load | Comwcteflasd | Mo Doy
POWER A Wit b Dl b b
Fehiparaten) Rebngenated Refingema el
Sqmes Vo 1) Soace ey
1'8to % 4250 2545 1900
%-3 3700 2545 1180
520 2950 Zh45 400

MNate 1- Use Yo Torosd croudtion unt coolen.

R

AVERAGE AIR CHANGES PER 24 HRS FOR MED. TEMPERATURE (ABOVE 327F)
ROOMS DUE TO INFILTRATION AND DOOR OPENINGS

VOLUME | AIA CHAMGES || VOLUME AlIR CHANGES VOLUME | AIRCHANGES || WVOLUME AR CHANGES
CUFT PER 24 HR CUFT PER 24 HR CUFT PER M HR Cu FT PER24HR
200 44.0 1000 17.5 6000 6.5 30000 2.7
300 345 1600 140 B000 b6 A00C0 2.3
400 295 2000 i2.0 10000 4.9 50000 2.0
500 26.0 A000 &5 TEO00 38 Te000 1.6
GO0 23.0 000 8.4 20000 a5 100000 1.4
BOO 20.0 B0 T2 5000 3.0 200000 0.9

MennE; FOF sy udgd, ienilliply oboye vaiees by 2. Fof ong atocbge. multioly 1he above yalues by 0L Mot valid 7
Wl AR g s ar gnllss e eed,

TABLE 4B ROOMS DUE TO INFILTRATION AND DOOR OPENINGS

AVERAGE AIR CHANGES PER 24 HRS FOR LOW TEMPERATURE (BELOW 32°F)

VOLUME | AIRCHANGES | VOLUME .I;1Il CHANGES || VOLUME | AIRCHANGES | VOLUME AIR CHANGES
CUFT P‘EHEII_!'I_H_ CUFT PER2M4HRA CUFT FER 24 HR CUFT PER M HR
250 2.0 1000 135 5000 56 25000 23
300 2.2 1500 11.0 6000 5.0 30000 2.1
400 225 2000 a3 BOOD 43 40000 18
500 20.0 2500 8.1 10000 38 S0000 16
600 18.0 3000 7.4 15000 3.0 75000 7.3
B0 15.3 4000 63 | 20000 26 | 100000 1.1

Mot For heaey usape, maltiply abowe values by 2. For long storage, multiply 1he abave waiises by 0.8, Kogwalid if
ventlating ducts or grifes am ussed

Tables 2, 4, 44 & &8 from 1972 ASHAAE Hardbook of Fundamenials — Ropriniad by Parmission




APPENDIX—TABLES

A= INS8Y HEAT REMOVED IN COOLING AIR TO STORAGE CONDITIONS (BTU PER CU FT)

TEMPEHATURE OF DUTSIDE AR, °F
E'I'I;IH‘F.EEE;IMM BS | a0 I o [ 00
g BELATIVE HUMIDITY, FERCENT
50 0 0 Bl 80 0 B0 0
65 a2 0.52 .58 (R .85 1.12 1,18 1.46
B0 053 0.7 0.E3 108 190 1.37 1.3 1,70
BE 0.ad 1,00 1.06 124 1.32 1.50 .81 1,82
50 1 1.31 1.26 1.49 1.63 1.78 182 2.13
45 120 .40 1.46 1 &8 1.1 188 200 2N
40 137 1.5¢ 182 1.85 1.E8 215 217 2.4
mn 154 1.74 .78 2. 204 i | 2.3 2.6
a0 L78 2.0 05 231 233 264 265 3.0
TEMPERATURE OF QUTSIDE AIR, "F
smn%ﬁ : (61411 T | = 1 P | 00
o RELATIVE HUMIDITY, PERCENT
1] B ] A 5 [T 1] 1]
3 21 0.26 (LR D&z 2.06 . || 2.66 200
25 37 043 o7 0,78 22 266 2.78 34
i 1] .52 (.68 [.BE .93 .33 280 .80 128
16 .68 072 1.0 1.07 246 272 3.06 AH
10 0.80 0,86 1,13 1,30 2.58 284 3.7 3:52
] 0,82 067 125 132 268 295 "1 3.3
a 1.0 1.00 13 1.43 280 108 .38 174
- B 1.16 1.20 147 1.56 .90 3.1 348 184
-10 .28 1.3 158 1.66 300 12 158 193
- 15 1.37 1.42 .83 1.76 310 135 “REA 4.03
~20 1.47 162 1.78 1.86 319 146 aqr 112
- 25 1.67 1.482 1.89 1.9 329 156 386 q.21
—30 1.E7 1.72 194 2.08 3.38 164 305 4,30
From 1972 ASHAAE Hendboox of Furdamenials ~ Beprintsd by Pernissian
TABLE 6 OCCUPANCY HEAT m ICE CREAM DATA
AQOM TEMPERATURE HEAT PER PERSDOMN PERCENT OF HAARDENING LODAD
b2 BTU/ HES OVERRLUN BTUW/ GAL 1CE CREAM
50 17,300 Bl i
a0 20,200 i BO0
30 22 800 80 470
20 25, 200 a0 a47
10 28,800 100 475
0 31,200 110 405
= A3, 600 120 a8
Desived from 1872 AEHRAE Handbook of Fundamenials -
Reprintod by Parmission hebeet fwat Sl of i) — | el | ’
1o G it | H 0f imix wgd /gal loe cream)
= wit ‘gal of icecmam
TﬁBLE E TIME [:!":LE EACTORS l 2. Walusa bassd on enbering temp af 75°F 1305 Fromen|
il ol
RECOMMENDED FACTORS | % Formubs: Produet Losd (Bl = ':;‘L“:g ::'nTll; “1
rs
T
APPLICATION m::;,‘;u:“ :MSS,"':L?B“ i, B-Mihe haroarng pena inouis D dsed with Toneed &i cintuation;
AdjLEn 1R calcalatad lgsd 1o 1B-20 b comprésear operaton
Coil Temp. & bove 329F — 24 10 & Soa Tabke 47 For pratiguiesd 24 b handecing hosds =1 28°F ent
Mo Frost A ccumulation : th Tﬂﬁ:rrtnr'm. Tq:;ﬁ;;: Ihh:dmm :hl-t:-ud in Talda 42
; F PRl b pckugtnd for | ing time — i.a..
ki 7 K Sox Han
bl it : A An 008 peerrum, auf. WEn gat e 4 8 I wlik BD widir coriin
Mad, Tamg, With Posaive T. Eetirgla hardering rocrms g5 3 pewk dady gradocoon mme of
Defrost Sysinms £ 12 3.3 gal/eg it and for & stansge capocity of 10.pad/ sq 1, if
A aited 16 glock all Nevars.
Lowy Ternp. Wilh Positive
Dnfrast Systerms 18 1.3 B Estimam siomgh fooms 6 2 gal'so ftwhin sacked soio
& to higeh dinclisding amies )
(it Cycle Derfrost, 365°F
Higher S1ompe Temp,, 'EH Entrpcied from 1971 ASHAAS Guds & Dwia Book — Reprinted
Evap. Temnp. Below 12°F 18 1.5 bry Priresgain

Meds: Fackars nalad ara for average frostng. For heawer (rost. or
liaide s narmal svan, 1omas., uss 1.2 hry e opar, e

23



TABLE 9 PROPERTIES AND STORAGE DATA FOR PERISHABLE PRODUCTS

APPENDIX—TABLES

Fosaknots rafemoies Akdus mAay De found 8t canclusion ol Takie on Pags 30

24

B MEAT BTU/LEF LATENT "r'n?e”s‘:“l waren :swnrsfnnn:m — LONG 5TOABGE
FROOUCT bty 1 W e |COMTENT | Temap | - RHm TEMPE | ram | e |
T&Hy‘ *Pﬁﬁr}!r‘ :rurﬁlfm | | MIN-MAY :rJ:.:Iw o | MisMax || SIEOE
DAIRY |Gas Tll:hl-!lﬂ!hurn:hlmu{ Wik / Chaogs Dara)
FRAODUCTS
Buner B 34 15 0.0 1640 a0 TH-ED - Eio-10] B35 - B M
Chesrn
® A A rican B4 36 L] LrEi EBQ 4 TEED - = TEE - 12 Wl
= Limburgar i | &l Bf 9.0 B0 40 B0-E5 - = B35 - 2 Mem
® Aoguator B5 A2 7o 30 550 45 7a-B0 - = 530 - 7 M
* Bwind B ¥ L 150 | B50 4* | 75.80 — 2 | @0 - 2 Mon |
Craam ] & ] 260 EEQ 35 - - S0 - - i Mos
Egge
® Crated 78 42 36 e EE.Q 4p= B-05 - ane B5-38 - I3 Mips
s Frozen - 2 06 e - - - - -1 - - 18 dins
= Whole Solid 22 1 a - ia ape Bl - e 80 - 14 Mo
_bog Crmam 75 &2 2 2EQ L T - O [ [ | 1 Mos
L[
® Flubd Whals a2 A 125 310 .0 ak - - - - - EDays
® Copndenasd a2 = al 280 &) a0 - A Mas
® Evmjoratiog 72 104 Ta.0 A Temp - - 12 Mas
® Dipigc i r ) - 4 3.0 . - " B - 1] - Ifdas
Dlan e ] a2 = 155 an B N e B0 - A Maos
FRUIT
Applas ar A5 11 .3 B e He = i I e A% | 38Maos
Apricoms ] 45 122 i1 Hh4 35 BAn i It 5B A8 S Whks
Aswocadas A1 A5 118 15 a0 e Lo ] I 50 I Wks
Bamanas
& G Fain 2 43 108 318 Ja B ] = R T 17 - -
* Riga A A7 1 & 4.8 : : - ik .50 A7 & Days
Barseaa {Ganl .29 AR 1 ke 1] Rano 35 EOLpG 250 n a0-BF 280 | BDays
Chirriang o] 45 116 MaE B4 k1] BOAE 138 It 8065 5 2 Wka
Ceoonuts &5 = 57 304 a0 £ B HE xp 32 8065 - 2 Mas
Cranbarras & A5 124 s Hi4 4l 2550 a8 kL] 85800 48 I
Currants E-- A5 12 .z By 3 8590 - a2 5550 = 2Whks
Datas | Cunad] k] -] o a7 a0 a5 &7 - e i 10 B Mg
Diesad Trudt A7 iB £q) - 8.0 a5 SLE] - n 505l - 12 Mim
Figs [Frash] 82 AT 1z 278 TH.0 & E&-Th - 3 B - 12 Cays
Grapafraii LR A 128 3.0 2.8 a5 6511 Ll ke, -0 . GEWks
Girmpas { Cadif} Ba o] 116 281 nea 35 B3-20 48 31 - . b AkoE
Lamans a AT 127 284 333 o o5 144 b5 25-50 e Rl
Limes # | 45 | 1 | 297 lms |45 | gsar 14 | a5 | 550 | %6 | B
Melons g = 1P G qJr.m a5 B5-20 1,88 A -0 - Wi
Dliwes {Freshi LBl 2 108 2.4 T2 = BE-20 - q5 -0 - HWics
Oranges £ K 124 3.8 2 & BE-201 72 X BE-0 48 |37 Wes
Peaches B A 124 .3 Bt B Bl o8 a2 a0-a5" B 24WKs
Pears B -4 ne | 2wz | oEd ¥ | 08 g2 | 0 | sops | 4B [27Mos
Pineappies
= Grpen = AR 122 30.2 B3 =1} BE-a0 - - - 4%
= Ripe - AR 122 .0 853 &) BE-a® - - - 3R
Plums - KL 118 Y 523 an BL-85 .44 a1 &0-g5 72 | ZEWEkE
Prunes -] A5 118 X5 823 L] B{-85 .44 H EO-BE" 72 -6 Whks
Quinces 2 A 122 [ a4 | @63 | 36 | Boss 72 3 B-E5 | 4B [23Mes
Flaisins | Dreled) A7 i 1 | a5 - - .5 EE-20 - &) B85-80 - 36 My
Aaspborrias . "] 122 0.0 8.6 n BS5-30 2.40 - - - I Do
Sirawbarries az A2 129 3.6 838 | B5-30 1.80 - - — 7 Dy
Tangerines a0 B 126 | 301 | &3 | @590 | 163 | 32 | &S00 | 104 |24wWks
MEAT
Bacon {Cured) 3 ] KES 28.0 55 BE-85 - - - - h Dad
Baef
& rimd - . - - BE BE-T0 - i BAng
& Fraah 7 42 ] J0.o Fals) 34t BE 0 12 B0 - AWk
* Brinad - : x| mes 22| mes [ — | BMos
Livee/ Tangun o A4 a2 - 1.0 £ 2530 - a2z BS-00 = IWha
Ham /Shoulder
& Fraih A1 35 - | b i M o e i8] - . BE-BR - IWks
= Smaked 56 ] L - - = 5565 - & E6-65 -
| Hidas — — = - - - = = 3 EE-T - FH ry
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TABLE 9 PROPERTIES AND STORAGE DATA FOR PERISHABLE PRODUCTS
SF HEAT BTU/LB."F| LATENT!| HigHesT| | bt L ET':"R"'"'_’IE.. LONG STORADE
PRAODUCT ABRONVE BELOW FIZRRLTZY FHERALIEN N
[ ¥ FUSHON | POINT [CONTENT| TEMP A 1 TEMP AHY 1
PIEIE_'!‘_-E lr'&i:!!i!l! BYUILE " e °F | MiN-MAX m,:;m | MAR-MAX |.-|:g:uu .
Lamib? - A L] 8.0 M0 M RE- - ) BE-00 - 2 Wk
Lard - - - - 0 45 580 - i T5-80 - &8 Mo
;.qli" | .2 G 2. 424 k! Bs-50 - - - - 15 Daya
u
* Fras i i b3 g-ﬂ" 5540 k] 5.5 - - - - ? Days
* Sminked A3 it B i 1.0 40 I . 2 0. a i Mea
Weal® 15 LA ] 2.0 50 ] §5.90 - Fi ] =00 - 15 Dwys
Frozen M eoots A . = - = = - a0 g5 = 9 Mns
POULTARY
Chickan ] AT 10 27 ™0 = 4n.=0 - = 10 Dasya
Gama ] A 114 21 T m oy 40 - o = = 10 Darym
Goone 5H e [H Ao 48.0 -] A5-=0 = = = 10 Darys
Turkay [ e} ) -l ] 574 = BE.50 =! a2 5. = 10 Daya
Froran Fowl - 4y — £0.02 - ] B5-50 - L] -9 — T Mes
SEA FOOD
Clama
* |in Bhall B (i 115 T B 3z - - - - - 15 Daye
ml:‘nkﬂ Ry A8 125 FL ] E7. a M-T6 - - - 10 Days
hmm B3 A4 115 - BO.Q 25 B0-90 - - - - 10 Days
® Frasdy .| A3 1 pai i i an B0-35" - - = 15 Days
* Froren - AT - - - ] - - =10 - - a8 Mas
¥ Brindksd Fut} g1 a2 - - 45 5060 - 40 BI-80 - 8 Mas
Labatars -1 ] it 13 - .0 25 80-00 - - - - 10 Days
Diyatare
& In Bhall ] A 115 Pl 800 a2 - - - - - 16 Days
& Bhuched a0 A6 123 i B0 a2 -6 - - - - 10 Days
Shrienp!
E-:-lll'_-u-gi ] Ab 119 2810 750 32 M-76 - - — - 7-1 El'n-,-a
UL - AL RES Bl
VEGETAELES
Artichakas -Fy A5 120 k] .7 40 a0-96 7.8 # 095 BO7 -2 Vha
mﬁlhl.l‘lﬂul R A8 134 s 83.0 32 8590 B 2 B5-90° B | 34 WERe
= Girasmn A2 AT 128 7 Ba.8 15 500 & B0 A5 B9 4830 710 Days
* Lima s | i ) .0 B6.5 i B85-80 .20 32 B5-90 q4.80 1-2 Wk |
Beats
# Bunch a0 AB 16 3.3 i R Al 8500 2.4 L a5k Todd 9014 Days
= Topped o A8 126 K| 8768 40 B0 240 H B5-00 1. A Mas
Brooooli a2 A7 130 3.9 B4 a0 a0 240 2 555 144 1012 Days
Brussa| Sprouts.  Bd i R M.A 830 A o005 240 2 90 e Tdd | 35 WWks
Cabbage N~ A7 132 3.4 a2 15 = A 2.40 v ), e 144 | 3-d Moz
Carrats
& Bunch i 4 . 15 245 a4 &) B0 .92 n . o 1,30 1014 Days
:::ﬂlll:d B <48 1 0K oi2 el B 182 s 95 1,30 | 4-5Mas
Wl a3 A7 13 30.8 q1.7 an B 2] 2.80 n 550 144 | 24Wks
Calary R a8 1% na a3y e 1 BEal 240 1 o) e 1.44 | 3 4&Mas
Collards o - - 3B 858 e BES0 3 4) ] o gl 1.44 Wi
Carn |Fresh) (1] A3 108 3.5 Tin ] Bs-a0 4.08 k) 2580 088 |&-BDCavs
Cucumbars a7 - 137 k| 951 5 BE-95 432 a4 a4 & HE 10-2& Diirpik
!gg Plant L. .ag ik X.B 927 5 B5-a0 a5 - - ) I:hl.',.-n
Endiva 4 . | ne G133 = 1= 480 42 SR . H 23 WEks
Garlic {Dryh fig 40 ] 05 1.3 a5 BE-20 12 B " fi Moa
'E.rﬂrulLlll'rI Bp 47 126 J1, 10 5. 35 - e | k) o0ae 144 1324 Das
Kale B - 134 maAa B e il - 1z o050 = 10-Fé Dy
Lettuce Bl e 138 .y 240 3 ) TAa £ =) 2055 B00 | 3-3Wks
Lesks (Freshi B8 . L. 7 5.4 35 5 i n 501 bise A8 | 33Mas
Mushrooms a3 Aar LE ] 3.4 a1t e ) 5 108 - - - 34 Daye
Mushroom = - - = = @ a0 = 12 TE-B0 - Wk
|Grain Spann}
ks 93 e g 2.7 Ba B 51 )05 5001 an 8095 a5 |7-10 Davs
Oindns £ 1] & 1 3e arn 51 ML a5 k) BE- 45 EBMos
Parshay BH ] 122 0.0 1 -] W55 &0 n Boah 144 1-2 Mos
Parsnlps B4 - 1h ¥ 30,4 TR.6 ] R 1.8 32 B0L95 1.20 2.5 Mos
Paas, Grean Fe: =3 T - a2 =] A5-50 .00 k) BE-000 4 Bl 13 Wks
Poppors 44 AT 132 .7 5.4 S0 255 Eir] 45 90-85 ZHY | 2-3Wks
Potatnis
® [rish 5 A TI6 0.0 8.2 50 B5-50 1.44 k| BE-00" 72 -
* Swipnt® bk s T - =8 BE* B85-80 240 a5 BE-00* 4] | 4-6Mos
Pumphkins a2 A7 T3 .5 W5 55 -7 - 50 -5 - 2-3 Mis
A5 : 34 m.7 ¥4 3E 80-85 - 2 M5 - Z-4 Mia
A inislar b | : 4 .3 .9 35 ] - 2 BG - 24 Wika
Rutsbagas A A7 127 ) B a5 a5 - X2 B5 - I-4 Mips
Sauverkraul a2 52 128 w1 B2 45 75-B0 - B v TH-E0 - 45 Mps
|_in Kagnl i

Fogenote ralearses abawa may be Tound &l conchison ol Table on Pags 26
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TABLE 9 PROPERTIES AND STORAGE DATA FOR PERISHABLE PRODUCTS
T T L LT Yias PP E— BHONT STORAGE LOMG STORAGE
PROGUCT | ABOVE | BELOW por i e COMTENT remp | mHs | TR e | mee  [TRENION| AP
"WOINT | PO |BTU/LE | = | MMax | e | | maa | R TR
Wm 84 Y g Pl 216 a7 kL . 558 480 B - B35 | ZER | 1014 Daya
Efum 52 47 K] 305 005 5 FLi - 45 M-S - B8 Whs
* Sumeminr -] K= 135 ¥ Ba.0 ] &5.08 - 1= 8555 — | 514 Dayn
= Wintar i AT 127 303 BE.E - i T - 50 -5 - A6 Mo
Tomatoss
& Groen = g 134 3.0 31.0 55 a5-Hp 3.2 56 85-30 3.1 34 Woks
* Ripe = = 134 31,1 241 =t B5-00* oE - - - BE-7 Daya
Turnips a3 £F 130 He me = 2005 1.200 12 0000 08 a5 Mos
Vegeiabio Seod = N 18 - 12.00 a5 EE-B5 — 2 | s0e -
Vegoisbias o gFF 13 3.0 220 k 1 2035 240 a2 o095 1.807
M)
MISCELLANEDUS
Bear
* Mutal Kag =) - F) 28.0 2.z A - = 36 - = Mo
* Waood Keg a7 - 2% 28.0 g ] a5 - i5 B&-an' = 3 Mes
Bread T4 3 E3 2.0 o0 i = - a = = Mo
Catly i - - - - H #4050 = ] 405 - i s
Chacolam
ICoatings) & 35 A0 a0, - 5 40150 - &0 40 B0 = B Mos
Cannéd Foods - - - - i) g a i - 171
Qo - - - - - 0 n EF) i} = 171
Coffes |Grasnl H 24 20 - 160 an B ] 0% - I M=
Oriedd Foads - - - - - T a0-50 a2 40-8]) 1%
Flour 38 | - - 140 B2 Bl-E5 T8 E0-B5 - [ A [
Flowsaes
Gae Table 16 or D-El.a pri iCul Flowers, Greers. B, and Mursery Seock
HFMHP;h o 10 12 Mua
1 & = = =
FIH: - - - - - 40 45-BE" = S a5-551" - ¥l
" Falarics
Haoney 35 26 26 - 1B a | som - i | s - 1¥r
Hops - - = - i B0 505 - 28 HHED - A Mos- |
Mapia Sugar 24 ] 7 £ 45 5.0 = 1 E5-T0 = § Mos
Mgpia Syrup B i} ] 51 b ae 5.7 - n Bo-T0 - i hlos
Murasry Stack
_ S Tabba 15 For Warsus vamses
1]
& |In Shells %5 . | a8 & 0 a0-4d5 | B75 = 2843 §5-75 - 10 Mos
* Shulled 0 M 10" B0 (4045 | 575 - | ®2| 8575 : A Mo
Ol 1 W egutabla) - - = - L] m - - m - - 1¥r
Oleo n .| o - 5.5 45 To-B - a5 -TE - & Moz
Orangs E: 1] AT 134 - .0 B - - a0 - - & Wks
lnp:-ulm n 24 19 13.56 A 85 = BE
U npopped) : '
Precooked - - - - 5] - - -0 10 Mos
Froxen Food
Sepd [Vagaialda) 24 | 18 1200 =] 55-55 - a2 50-E6
Baruma L LY n - 40 Fyi] -
Vaccines
¥aaai ” A1 [ = Fk:) a5 B-A5 bt | 1560
ICamprassed
Bak sl

Nates: 1 Specific Fasts for producds rot lisiod may be sstenated as follows
Spacilic heal shove Fresring = (00230 + 10,008 « %5 waiar
Spacilic heat below fresring = 0020 + 10,003 = % waiar
Lasant hasts of fusion for products rat listed may be estmaed as Fellows
Haat of fusgion = % wiker = 1434 Biulib
Awerage vakie
Epgs weith weaak sbomen freeze juss below J09F
Lamany i terminsd markeds are cosfomarty stored @ 50-55°F; semacmse J29F & aaed
Jplirum storsge iemperatune vanes witely with anney ard) o Saclion whnnd g Recommended fern pernbures
ot appke, 48 an example, enge from 32°F | Gokden Delcous) b 309F [SEcinosbl. Ses US04 handbook #66,
Permssable storage peood vanes widely warh varety, Soe USDA handbock B85
B. Foom design concitians ortical.
8. Sweeet potatoss must be cured for 10 10 14 days @ BESF & B5-850% vh o suocesalul starsge.
W Felative hurmidity is left bank (= | in cases whan th groduct s sraked Trom tha ar, aF 1herh % = piherwize nan-cntics)
11. High humidity required with siood kegs To prsent drgieg and rrailing isaka,
12. Consmant humidity desirabie

N R R

Extracted in part from 1971 ASHRAE Applications Guice and Da Back — Regeinted by Permission
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TABLE 10 PRODUCT CHILLING DATA
TEMPERATURE: CHILLING BATA TEMPERATURE CHILLING DATA
it ENT. °F | FINAL °F | TIME. HRS f:.?;:gn PRy ENT "F| FIMAL °F | TIME, HES F:u:_rg“
DAY Lamty 100 ] ] 1.
Eggs lcrated] 45 g s 1o 1,20 Liwar i 5 18 1,44
Egqms {froesni 0 a b | 1,50 Poultry B5 ] ] 1.0
- — Sausage w | 2 10
iB gl cans) = |- {[¢] 13 o dadt 0 - - .00
MWilk learians} 45 a5 i[s] 1.20 Il sl
FRUIT Tongue &0 35 hL 1.44
A ppiin Bl k] 74 | Waoinars m 35 i 1.0
Apricots B 15 e i &0 Wil [ 1] 15 7 136
Ayocados B a5 Fr 1&0 VEGETABLES
s " 0 v e fAaparagiis 0 1 24 112
Girapes m 14 i | e Beets'
Grapefruly £ 6 2 145 Iwith topsl T 2] M 1.26
Lamans ™ 50 | 1.05 TT a0 "1 1 1.26
Lismas ™ 6.~ | 13 F
Dranyges Fi) a3 2% b 85 L_Hmh . ) % T
Paachss En % a4 560 Cabbags m ] M .36
Cantaloppes &l 45 M 1,90
Para T i 24 125 Poarictal
s i ” 3 150 twith tops] 0 3 P 126
o e w % A e Caulttiower 0 34 24 b 28
Prures =0 k] | 120
Quinces & B 24 1.50 Carmn - ; 3;] 3 :;
m o 5 o Sk Onlons o k] L 26
Hasl 1K = 1] 1.40 P L ic M L%
fearcass| 1w = 24 i6n Peas T 3 P 1.45
Hikri W = il 1.00 String Boans - 4] a5 3 1.45
Hugs” i = 10 .40 Tomatnes B0 & 4l 106
|carcasal 100 ] a4 1.80 Turmips H ] 24 1.28

Miotes: 1, See Tabies 17 & 12 tor dam on typeesd beed and pork chiling rooms

7. Load tnceor af bz ar carmoss withoums tops s 1,
3. Diesagn racm Mempeaturas at 1he comphetion af 1he chilling process ame generally 2°F below the Frsl produs) iemperdiue
i, Thi fellewry Tac o apply 1o any blast froezing operabon: batoh freezing-1.8; continuous process [ie, Gonvayar
fitd} Tramiing- 1.0,
5. Imporiant: Linfization af lesd 1acices rsuhis i suitcent rofrigerabon copacity 1o accormmactsts the high intial rases of prockics haat
avoluflan toom ismpseatan tes ik theraby minimired. it is oo be rabed, hsvever, that the spplicaton of ioad Factom necessilees a
syt Cesign Comoatite with tha diverse pulcdown & fislding requirements. These faciors are not o be apolied tai 1 sirall
roams, 121 rooma laaded dvar an axterded poriod of tme, & (30 rooms equnped with sngle rooftop halocaben systems
Imcgmmn 0], 121 B 130 atsova, the chil ponod showd boextendod, and the room femoeraiuce sbowed 1o ree. (See Pige D Tor @ mane
detailad digcusion of This subgss)

27
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BEEF CHILLING = = MINIMUM REFRIGERATION REQUIREMENTS IN TONS®

TOTAL RDOM FLOOR AREA 18 HOUR CHILL TIME 4 HOUR CHILL TIME
CAPACITY — HEAD 54, FT, AHR LOADING BHRA LOADING 4 HR LOADING BHR LOADING
| 650 23.2 18.2 17.9 15,6
100 B0 ano 24.2 238 e
50 000 1.6 60.5 5.5 52.1
450 3600 138.6 109.0 107.2 w8
Motes; 1. Asdrgeranion 1onndges mobid alicey Ton narmal raom bel gar sl delrogbing, and ans Desd spon & BESF temparatune pulidown of

5010 canle

£ Bn T8 heur ehdl e raguines sddnonal ai cinculation and lowes han normal room temperghone (32-3489F),

PORK CHILLING = = MINIMUM REFRIGERATION REQUIREMENTS IN TONS'

TOTAL ROOM FLOOR AREA 18 HOUR CHILL TIME' 24 HOUR CHILL TIME
CAPACITY — HEAD 50 FT AHR LOADING | BHR LOADING | 4HR LOADING | 8HA LOADING
5 200 8 6.3 6.2 a5
100 250 10,6 8.4 8.2 73
250 825 6.2 20.3 20.5 18.3
450 1125 472 378 3.0 k< H )

Mens! 1. Aatrigananon 1annaeges noeed slow 1or narmal soom hear gain and defrosting, and are besed wpon & 85°F temperatine pulidoss of

0 I hiags.

2. %ri 1B hegur chill ima requines addinional oir crculacon and iower than noomal rocm pemperacures [32-34°F|

BLAST FREEZING = * PRODUCT LOAD ESTIMATES

| SUPPLY AR PRODUCT TEMP.. °F ESTIMATED TIME
! HEAT REMOVED
il TEMP, “F “'ﬁ,ﬁ"' ENTERING | LEAVING sTuie E‘Fu","_,ﬁ;; :."',',‘,"3*’,;;'-
& Oz, Hamburger
Potties |unwrapped] =17 400 55 25 118 k22
Z Or. Hamburgar
PRias | pped| - 18 a0 G0 16 12 k13
B L. Ground Basl In
Plastic Wrapper
{ren lnsnl =20 12560 38 0 118 9:00
1 0 Frash Podk
Sausage (urwragped) -13 1000 a1 15 10 0:20
1205 — 1% “ Thick
Strip Steah In
Plastic Wrappar -4 1000 A0 i 118 1:03
Tk — 6Dz Coched
Chop Supy In
Plaztic Containss =21 Bo0 ] 1] 147 213
168 Lb. Fresh Turkey
In Plastic Wrsppar -4 2B00 44 0 130 5:24
12— 1Lb.-7 0w
Contminars OF Bar-B-Gua
Eae! In Cardbanrd Bax - 21 1450 T8 0 158 10:00

Mitas: 1. For s santinsous insding operalion $uch a6 8 cofveynr or sysimmized manual feed, the produce loed 0 Ba per 28 B squabs:

QBT hra =

2. The usual rarsmssaon, infiltration, ightng, motor and delroating loads must be sdded 1o the product loads Eseed.

Bruik w

Produst per Shify ),
Shilt ime jyey

A 24 ks pguabon doss dal apoly 1o basch losdng”

3. In coitinuiius Bading OpSeaaing, ths i e o8 prockict heal svolutice hag 6 neglghils #lfect on ihe refngeraton load Of does, howrver, al
tect room sizing, convovor size and speed, sch.




FREEZIRd TIME — MIBILITES

APPENDIX—TABLES

RELATION BETWEEN FREEZING RELATION BETWEEN FREEZING
TIME AND AIR TEMPERATURE TFME AHD AIH "H"ELDCIT"I"
T T

_L'-_' 1 T .FF:F!. CITEEEEIE ::: SetELE BHE THH j.t - !H_:
IR TEEE R N R TR E R Eata
500 = s || 500 i E
i g . il
@b | | S
400 b _[ = 3 :E 400 i i
L ; 3 : i | ::::F H;:
360 I i : -:-:- : # _i__?E 380 -F_E__E_IT"
i T i ASY A e ifEaH
300 [ s iy is i gl300 fiaiigi
S Ei HET i T
S0k : IR i1 4iHiEHiE] 5| 250 = :
L TR e Bk
200 S it . 200 (%
e 160 (oo

TR tER]
d il di i Bl s

"r' HiE

lﬂ“““" giiigiiie %

100/

g

0 e et R “"l'”""t |j |:|_ = HI i HHE R R RE {EEEEAEE A I AR LR
—120 - 100 -80 -680 —-40 -20 Q 20 O 1000 1500 2000
AR TEMPERATURE "% BIA VELCEITY — FEET PR MM,

fWaams |Fig. F B G0, Freapng veoe s e ins reguiest Lo prodact 1emgarsiisne to 18l from 32°F 1 75°F,
1. Fiyp F basnd pn 580 chicvens wish an inits! tempamturs of 32-35°F, and an g veiochy of 430-860 M./ min
3. Fig. G hasgan an 5-8 i chickens with an initial fergens g of 32-354F, ard #n.ai tempemture af — 30°F

BEEACN  HOG CHILLING « « TIME-TEMPERATURE CURVES

T 1‘5"""'“15? T SRR i

I EEETIN RN

TEMIPERATURE, ¥

kT -:-'l.-':: I.; Py FE ] EET O PR Aot Y b (re seEn I e IR
o 2 4 6 B 10 12 14 18 18 20 2 M4 5

TIME FAGM START OF CHILL. HOURS
Fro. F. G B H feeem ASHRAE 1971 Appicarans Guds & Oatm Book — Reprinied by Permission
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PHYSICAL DATA OF PERISHABLE PRODUCT CONTAINERS

CONTAINER DATA

LOADING
TYPE OUTSIDE DIMENSIONS? | APPROX. WEIGHTS — LBS DENEITY!
oW o L — INCHES PRODUCT | CONTAINER | TOTAL | “B/CUFT
AIAY PRODOUCTS
Chania H e Ed w46 e M6 by 40 B0 a5
‘Wisedl Bian EEnpuifi o TT 5 VT 7B 1.4 ar.0 k]
Chanis, Swriin Wi 73T w32 171 - irio &0
Egga, Shall Wb Cai Hx e 12 45 0.0 =0 181
E + Fraamn Cana 12% & 10w 10 30 28 a0 &5
, Coansdimnued Banmls B BW o 5% B0 ma £l 50
Sew Tabher 23 Tod D on Milkl Cadgoe and 8 ories
FROZEMN FRLUITS,
JUICES B VEGETABLES
Ampa W 3813 i Canisn B = 1ans 1% 1B 34 21.0 .8
Repdrn | Greari 3810 ng Carton Bu 1Z% = 11 35 34 &5 33
Hlushernas 747 1T e Sl Ba 12wk iR 24 0.0 8.2
Hrocooh 4/ 12 ng Caitcn RN e R ih 35 155 282
Citrys Concanireies 4l B o Flbar Carton T & 13w BY% 16 1.8 na 5.7
Papchas it b Cmrinn T = 1T% = 118 L 348 ra s
Faas 3% & 17 6 11 W s . .2
Pans A 52 nr e 124 & J% = 8% kL] 28 A .2
Bpimach 4l o Camon B = 2% « 11 A a9 2.0 A
Bargwhartas A e Can 124 @ 0w A0 b e =0 4.5
ply BT T4/ 1 b Camon Eulis 11 i &0 ] .2
BRrawhBiTian b Barred a5 s 25w 25 A5 - - .5
FRILIFT
i, ke
* E 34 LEim Luig Hos 1% Tk = THY Ba O & e
= WA ‘oot B 12%, & §B% =' 11 a2 HO i | 1A
= Gensial siner Tray Canon 13% & 2% = 11 ai i} L Xa
= Genarl Fipgr Bofl Carion 13 = 18« 12% 11 58 Lol Fa
* Ggnoral Tole Bn 2% W wd L ] 1809 1150 Fol]
BAprloon How B o= Tdw 17N s 30 o a4
Ayvocades Haow o= 10w 1Y e | a0 1 1.3
BearinsiGen | Crane 24 al 1TR =118 = 24 k) 1] (118 188
Cooonst | B= 30 = 10% 100 18 (Li] K 7
¥ Fibos Canmon 0% = 188 = 11% FL ] a8 . 23
[Divbed Fruiy
= [hates : Fibir Carton 10 & 1% 14 b1} 20 .0 44
= Halsing. Prures, Figs Fibrer Gairton Ta = 1T n 20 .0 440
Figs [Fresnl B TEw 1% = ITH ] 20 nn 6
Granes
* EddLEif Wit Lug Bos TR u 14 x 178 an a8 nh 3
* Wanldrn Wied Lug Bos B on 15 = 1 IH 0 o 32
0 i Pt Bty s 1 eI i 0 .0 ¥4
Lmrmnirm B 0 = 11% &5 72 [ A=) TH.0 e
Diringas
& Calidcdrma Eidin 12% =13 = M il e =|an M
® Flonida Ansci B %'l:li'l-uzl B2 BQ 4.0 b
# Calif e e Fiigr Cartan w18 w10y, a7 ag 0.0 Hﬁ
+ Florida Fver Cirtiin B 8% w 13% ar B 45,0 e
Panchas Wood Lug Box Sk ox IBL = 1H i3 an .0 M
Paars ‘Weieoed Hox A= 11K g g 5.0 4.1
Pluma & Prunes Crati B s 0% 7Y L7+ ;.0 g |
Ouineas Hunhel P 48 a8 5.0 183
ICE CREAM®
Can, Wekdad Smndssd = Bat BN DEam & 14% 83 55 T A
n, Taandid - 19 B D o 0% 15 a0 185 4.1
Can, Watdad Bandand — Mgi BY Diam. = 2% A0 =] ] M2
Prasuboard, Waaad Tak = I 3, Diaen = 7 Na 1.2 0.1 1.3 md
Pramboird, Wazed Tali = 202 kg, Dapmn, = 8% .3 {1 a.b 0.8
Prasaboind. Waaad dquit — I T D ¢ 4 2.2 03 i .3
Fravibomd, Waaad g.qu'l — gl Thiame » 74 o6 o H-.'E R
Piasabaard Waxad Soum — 0 gt g O = 5% LAE] oA 100 Fo |
Prasibannd, Waaad Sguat — g B D & 39 o 1] FLh FLR
MEAT
Baal
b Baralngi Frher Cartin Be 3s 1B 140 GO .o i
# Fores L xcin - fror
& Hinda | - 2.2
Lami, Baneissx Fitier Gine 5 XM o= 5 53 L fx] 57.0 &4
Park
w Bty Brarles: T uJ3% 6 10% 5T = 5.0 5Q
* Loina, Regular Wiood Bos il = J8 = 10 54 &0 1.0 3.3
& Loins, Bonalass Floar How Snd e 1S B2 50 E7.0 k)
Wanl Bonsis Floar Cartor ExXe s 53 &g 510 L

30

Fosan: 1. Loadirg density 1of produchs packegsd m Soabel hiskets, Bukhe) Famaars, or Barrab mocompgitiotd pn e s o Bchual wissfcose cubags ubimed
¥ Bpprozmale waghb ard diamicseg ol bushil baskats and hergan am as Ielcws

& % Hushel Sl
Hlisacai S e i

W Busra: Famjur — 'WWoi: b

— Wigt T & 4% g ddm, = 18R 0 Dotiom dide. 20 1000 higly

[ | — Wigt 3 T8 inlop didee ® 140 bottoes Sam, ® 1) in hig®
B Boshal Hamper — Wgt 3 B 1800 o dam. o 10 m boftom dam. = 20 Fagh
[l

B 17 wi st Ewm, o B BeSiom dam . = 3 1 Fegh
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TABLE 14 PHYSICAL DATA OF PERISHABLE PRODUCT CONTAINERS
CONTAINER DATA LOADING
— OUTSIDE DIMENSIONS! APPROX WEIGHTS — LBS DENSITY
H & W x L— INCHES PRODUCT | CONTAINER] TOTAL | HB/EUFT
FOULTRY. FAEGH
Fryars |Wihole: 2633 Case Toudd e b0 &0 0 BE G 254
Fiyara {Paris] Canse 128 = 17% = 0 50 an B0 35
POWLTRY, FROZEM
Ducha, & tn Phg Figmi Carign dw 2Fa 14 11 1.5 ] 30
Ferwil, B 10 Phg. Filtelii %0 W o % a1 1 25 135 o
Feyara, Cut Up, 1300 Plg,|  Fisar Carkos A% =2 178 £ 1% K | 25 e 417
Rumatars, B o Pag. Flsr Carion E% = X% =18 i} 35 125 =13
TURKERS:
36 ib, G toPug. Filvarr Ciasinan A% =3 = 17 an 16 30 ok
&80 b, B P Flain T aimes Tl MR AR ah ] .
1431k &1 Pl FiiarCaimos Th « 6% « 1B a an B0 -0
13160k & 1o Phy. Fitvas Carse 0= 3 s 18 iv4 LR 1N &d
18-20 I, 2 1 Pl Fibi Caindes =172 16 3 xa i Fo R |
2024 b, 210 Plg. Fila Tt B% = 19 = 16% Al 15 & h .0
SEA FOOD — FROZEN
Blochs A3 M b Canoh 6BR v 2% 5 F2N i -] B0 w5l
4 LB ¥ B Cartom M4 = 185 = 0% BE 28 o 478
Fillats B2 1E &k Cirlinn ', W 12% « BY T 15 118 49.0
05 B Cartan e 4% = i0 e ] b | 5023 a7
5. 80 B Carion 18w MY o« 10 5 i3 527 327
Fiak B 12/B ar Carion I% = 11 = Aw [ o8 ] .y B |
248 mur Cartun A% = MG v B 13 18 138 12.9
Panned Fok P rervie 110 bizrsid | W'ooed Aoomen ma
Poriigna 2.3, 5o dih Carborm Cuwiorm Packig 25-3¥
Round Grownd Frk Hrvun |G i | Baarkad Lonel 3%
Aownd Halibuit Mone | Glenad] W Bos Loose - - = b1
Stichad Lo = ma
Fpund Salmom il Slaghind Loows - - . 3
Bhrmp 2% ori & Carjoms Cusinm Facking - g i)
Bimiha b, 6 or W B Packagas Cusinm Paciing - = -
VEGETABLES 1hM = Bl
Asparsgus Crasa = k3 Lot x TR 2 30 kR b
Buins |- Sam Nom 2 ) R ang ta
Badrts (Tappad) B! Sap Mom 2 3 3.0 BE D S18
Broccoli Cram 3. & 15 v 245 28 6.0 BHG L E =)
Cab Hwrgis 11 % Bul Sep Miote 2 B 1] BHD Kr.¥
Canats I Teppadh Busaial Sap Noos 2 ] 1n BAQ F.r i 4
Cauliflawsr Craes 1Y = 1= 2 b 8.0 04 & o
Crlwry Cratm T quI :l..a A B - &0 [ idx] na
CoendQiman) Bkl Sep Noma 2 o an s 158
Cugumbars Auzsdeai Sei Nomd a5 au a8 0 204
Lotducs | Hasdi Filws S BM o« 20% = 13% » 4 ars. Fir ]
= dunarsl Graw 13s 12% = J3% = .1 e 23
& Cantaloups Critn Rl o d® = Z3% 7 a0 1.3 o
& H Crdka Th= MEY = Z% 42 &0 aan 4
Dindgnm Dyl Sack - =0 - 8T E e
nEne HAunhis Son Mo 3 = ] BRI 2
Pang | nwhnlisd] Budhul S Mrii 2 Eil 3.0 AXEC 143
Polatnas Bushsi S Mo J [=41] du [N R
Hwveni Poiatnan Wurhai Gk Mt 2 = 3.0 21 2.
Tomatass
#* Ganursl ity Dam B0% = ¥B= A0 40 30 430 aan
i (b it lug Box Th w174 = 14 . a4 o ﬂ.*
# Florids Craln I o TER = 511, 1] I.E .0 n
# Tania kug Hox B W 17TH = 14 | LE Mg a
MISCELLANEOUE
Bevwragus®
Lard 12728 Thl We'ood S | Empsaw TR =« 1H= 13% - i} B3 R El5
Wuls
® Almands 110 Bhall Smchs 33 = 247 16 90 1.6 18- 131
* Almands [5kheledl G E% * 3% .5 11 Fi ad xn a7
# Engliah Walmins Sechy e B L 100 a0 il .3
M Bhalil
® Eqn WL Fbros Cmiron 100% 14 = 14 = 240 aa a0
* Paanuts |5 hallag Busrinp Bbg o e 18 128 148 17 .6
* Pacsns (i Sheil Burian Bag i el i 14 o s
® Fm‘l‘l‘lﬂl Fitvs Canon e 3= 13 k r e .0 a3
# Pacsni |la Shall Tom Bax [ R v = L] 108 19nen 4

Modms: 3 Teibisied 1
inlas wwhin filed

4 Wisghts of vaniaus

B dm B Fus drmerssandl CeEicamson ol e aertus conlBner wen Bty el ke fo dlisanss Tor bogeg dopa ar

} wl poed ol sl Boltng fackBes miey yicg saletannially Bom he Tgos nolied dos 5 madiung loil duning protasiog

a® alovign.

5 lew eimain akaufed ab 100% Sedviun Bl 4.8 10 ga.

& Rafur tn Tabka 25 dos beer s soda dss

N
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APPENDIX—TABLES

STORAGE CONDITIONS FOR CUT FLOWERS AND NURSERY STOCK

STORAGE CONDITIONS APPROMNIMATE | METHOD OF | MIGMEST FREEZE
TEMP., ®F HEL, HUM,, % STORAGE LIFE HOLDING POINT, "F
CUT FLOWERS
Calla Ely & g9 1 venn Dy e =
Camsllin &5 O{-9% 5B days [ary panck. 308
Carmation 3238 005 1 month Doy paach. g
Chrysanthemum 32-35 0005 I-EBweeks [y pance. a5
Draffodil (Narcissus) 32-33 90-95 1-Bweeks Diny paache ai1a
Drahlis ] a0 55 -5 days [y pack
Gardenis ar-33 9085 Z Iweeks Doy pack J1.0
Gladiolus 3650 9085 1 vk [y pack .4
Iris., tight buds Jr.32 00 oy 2 wpoks [y pack e
Lily, Easter e o L} 9080 - Iwonks Dy pachk A
Lily-af-the-Vallay i i e ) g0.05 2.3 wnnks Doy pack =
Dhrchid 455D a0-95 2 wiamkin Wanr N4
Paany [tight buds) b HO-05 A4 wosis Dry pack a0
fase (tight budsl E 90-85 b3 e DOry pock Nz
Snapdragon N-=: 095 38wy Dry pack 34
Swaet peaa -3 90-85 7wk Dry pack X4
Tulips anaz 50495 43 W s. Dry pack -
GREENS
Asparagus (plumesus) 4240 0-05 4-5 mentfis Poylirend CRes 26.0
Farn [ dapgar and wood) k4 e =ul: S 35 moniths Ory pock Mg
Haolty H 20155 45 wepiks vy pack 230
Huokinbasry al Sl 1 wepaks Ory pack 247
Loured k) oG -8 wnks Ory pock 278
Magnalia 540 . g 148 wraks Oy pack a0
R i d oed @ red v ar 055 1.8 wpnks Oy pack il
Salal n 50 4 4 ks Ory pock 268
auLES
Amaryllis 3845 TO-15 & morths Ory e
Crocus &85 - -3 monihs - -
Dahilia )25 075 & moniths ory A7
Gladiolus 3880 TO-75 B manihe fry 8.2
Hyacinth 55-T0 - 2-5 mionie - |
Iris, Duteh, Spanish BI-85 -5 g rspribha. Dy -
Lily
Ghpripas B3 M-73 3-4 manm s Pialy linas -
* Camndadium A1-33 -75 1-B vt P lingr B pasl -
= Croft a1-33 -3 1-E mamils Poiy lingr & paal o
® Lamgiflarum N-33 70-75 1- 10 sy Pl lingr B pasl 58
* S paCiosum N-33 -T2 1-6 marihe Poiy liner & pas) -
Paainy 335 mn-75 Smaniha iy -
Tubarams &0-45 =74 4 monha Ciry -
Tzl N33 -Ta 5-B iyl Dy .6
NURSERY STOCK
Treas and Shrubs -6 B-H5 4.5 mpribs -
Aope < | 8535 £.5 minnils B 1aoied -
wiith ply e
Strawbanry Plants 03 B85 810 momhs B roctad 28
with poly B
footed Cuttings 340 BE595 - Py wrnp -
Harbacaows Porennials iﬁ o B85 - -
Chrisymas rrees x BO-ES -7 wonks - -

Mot Roter o USDA Hanobook Mo, 55 1or acdilonal data relting 1o fovesr and numany ook s1omge

Fiom 1371 ASHHAAE Applications Giusoe and Datn Boak

Reprinist by Fermission




APPENDIX—TABLES

APPLE STORAGE CAPACITY REQUIREMENTS @& 35°F

BTU PER 24 HR PER BOX (NOTES 1 &6 Bl
ENTERING FRUITY | PERCENTAGE LOADED ON LAST DAY
TEMPERATURE. °F |  ayy Le/24 MRS - — = = = —
100 3.0 1646 298.6 432.8 576.9 7011 B35.3
95 F5 154.0 277 401 .4 525.1 689 TTi6
21 6.5 1435 256.8 3701 483 .4 ROE.E 2.9
85 55 1331 23518 3387 48168 5444 B47.2
a8 4.5 1228 2150 307 .4 3838 432 2 4.6
-] 4.4 122 1341 276.1 368.0 4339 4453
il 3.8 0.7 1733 2447 2162 =77 a59.2
BE 3.3 8914 152,68 2138 2750 3:’},1 387.3
1] 26 81.0 131.7 182.4 233.2 2839 d34.6
55 20 70.5 110.8 151.1 191.4 36 7.9
Bl 1.5 601 838 1187 12896 1784 209.2
45 1.1 49.6 69.0 83.4 107.8 127.1 146.6
40 0.8 8.2 48.1 57.8 650 4.8 B3.9
Motrs: 1, The Biw's ndaed per bod ropresent peodoct fiaad only. The usual irarsmission, infilracon, and misceflanecus lcads must be added
2. Qe bowi pLeis ome bushal: pross weght = 50 ks notwesghs = 42 b
3. Amspracon heat at 348°F: 0. T2 Biuwd b/ 24 hrs; a1 30°F: 048 Biuiibd 23 hen.

4, Sp, hoats: applos: 088 Bredih) OF; boaes: 0080 B/ ) 5F: waighiled average: 0. B35 Biu/ib/ F.

&, Loacks wil b less undaer C, A, storage conditions

f, Sem Tabda 10 and Text Page 3, for applicabons irmealving chdling anly

7. Exampiac 10000 boo stom g with ant. temp. of 55 and ins day loadng of 1% peroent: Product Load = 10000 401, 4 = 4,074,000
B 24 hen

B. Apoly #1095 tacsor 1o chaned loads i containens ane 3. 73 b cardbigard cartons inigy of 8 b wood booes.

1, Hydrasockam geaanally pra-cool the fruit 1o 40°F or459F

arN:IN=Ekd RECOMMENDED COILTD BY PRODUCT CLASS

TEMPERATURE DIFFERENTIAL - °F
i CLABS 1 CLASSZ CLASS 3 CLABS4
FORCED AIR Gtod S1012 12-20 -5
GRAVITY 12t 18 141018 1833 202
Class 1  Includes produces whech reguie very high relabve humedisies m order o rminimice

meaisture koss during storage. Exampies of this caregony mchide unpecioaged
cheess ar butter, eggs, ard most vegesables if neld far companstively
lorg periods.

Class? Includes groducts whch reguine ressonably high relaties humicibes [But ok as
high as those ncluded n Class 11 Examples of this category include fruits
s cut meats in rotsd siovape’

Clags? Inchices procducmsm whech rema e cly modaraie et iomidibes, ard nckices
guch producls 08 MUERDHTS, carcass meais, ides smoked fish, ard fruss
suchag mplars hawing 1oupgh sking,

Class 4 Inckites groduco whech are &iher unaffecoed by humiday, arwnich reguire
soaciadred Sieage conditnns in which the manmum refacks Famediny is
lnited b wise ol @ reheat sysiem. Examples of the Frst group ane fes,
wonkang, ik, Boar CETeal oF plumunam kegs), bordad bevenges, canned
gody B gimiar grocucts hawing @ protective coabimg. niets and chonelanes
Are o sampies of 1Fe senond group

Mems 1 Soma suparmarsl Fotueas foe @0l mal dsplay arm drsegnm 10 s Wit
I TN

Extraciad from ASHAAE Diasa — Reprined by Parmisakon
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TABLE 18 COMMERCIAL ESTIMATING GUIDELINES'
CEILING L
APPLICATION TEMP, "F HEIGHT, FT 10, °F 50 FT /TON COMMENTS
Dry Room Makirnum Fsce veloody Tar light Trosted
appicatian is 700 fom; for wet col
- Srornge B0 634 216 50-230 operation, [ace velociny should not
W Coalar WWet Roam pxoeed S0 fpme consnifugst or propeler
';_: 69 tans are applicable.
tw ana0p | Memmum fin spacing of 3.4 Toi
E Storage 1534 F000- 1000 aropalar fam unies with high d6ce
= Freezer =10 10-1% 18 Tom walanities and long alr thraow ars
2 24-a0 nedrmaly ed,
-3 Lioves face velacity units |undsr 650 Tam)
E are requred. Units showd blow towart
E Lamding &0.5E 1621 10-12 1017 and abose the dooars o oreatio an aie
Dock curtan ot Borwann-che-mil units
are ideal For nareces docks,
= 2580 Crel face valoeizy shauld nor exceed
E ; E Hogs* i3 1092 E0-18 B jan | 750 dpen. Barssan-tho-mail units ane
= 5 & 8- ] spacilicaly desigrad Tor this application
] Boef gEndien | and sl be wesd wha ngver Doasibile
Work Booms Unng wah low noEs eved which de-
Cutting & Grinding 3545 k12 1625 125-196 | wnbuim ar with I welociny ar inan wm-
Hooms benlia paminin optimees wakosr combart

Mates: 7. Abowe puidelines are {or budgeting pnl..lrpnln‘l;.l;-l,-u‘r'dsl'm.l.unm be ussd as the sole desgn critend
2. Hog chill rooms average 2:2 6sq 11 per head.
3. Beef chil rooms avernpge -8 5o ft per head.

TABLE 19 BANANA ROOM DESIGN PARAMETERS
M &0 O | WEIOHT. LiRg o it REFRIIERATEONS S | HEATING
BIEE | maaEs andsEs MET T.O crM LOAD-ETU/HA Ll e
% Car Az | oM 15144 5 000 36,000 4
1 Car Bh4 ADEDE 35288 15 15 72,000 i

Menas! 1. Evaporator fan should have 1" et stalic pressure capability
2 Waights pier Do gross- 4 Ib; net-d2 b,
3. Specific haats: banaras 0.8 B/ b *F; cartora-0.4 Biw'ib! °F
4. Tocakculate load, assieme puldown of TF per howr, @nd pess Fespifation of 13 Beu /b3 b,
E Tabifawmd ioads reprasant total haat ramosal
6. Hiar is reguited anly to warm a cold Ioad and ey mal b reguimd

TABLE 20 U VALUE REVISIONS

‘;’E’f:g"u REVISED U VALUE AT
-l ADDITIONAL RESISTANCE OF

m A # B 8 T W 20 EN
700 | 100 |02 | 0w | ont | oos | oo | o5 | oo
890 | 111 | o2 | ow [ ow | ooe | 008 | o | oo
080 | 12 | o018 | ow [ om | voa | oos | oos | o
g7 | 14 | os | o | en | oor | oos | o5 | on
0.60 1.67 13 .13 0.6 0.4 Y] L5 .04
0.50 200 r.1a .13 0w 0.07 (] .05 0.0
040 | 250 | o016 | 0w | oo | oor | oos | oos | o
030 | 333 |ow | on | oo8 | oor | oos | oo | o
92 | 500 | 011 | 0 | oo | ooe | 005 | o4 | 003
@10 | w00 | o006 | oos | ooe | oos | oos | oos | ons
oo | 1250 | 006 | oos | oos | ood | oos | 0om | ons

Exarnpia: {3nen an sasning A1niciure wilha U value of .50, detarmang 168 riviged LI
lalong the addition of inguli tiam ke & reasiance of 12! emier Column Fat
0,6l and mos barizonialy 1o the column haaded by 12 the revised U volue
ey Ihar e rhad &1 0007,

From 1972 ASHRAE Handbook of Fundamaniak
Raprinted by Peamisaan
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FOOD STORAGE ESTIMATING GUIDELINES
AVERAGE HEAT CONTENT RECOMMENDED ETORAGE CONDITIONS
,:':!fénﬁgﬁ'.; 57 HT 6P HT LATENT HIGHEST oA Y RELATIVE
ABDVE BELOW HEAT FREETING £MHORT LOMG HUMIDITY
| FREETING FREEFING BT/ LE POINT, °F TEAM TEAM W
| w Butter Sl a4 15 30 a - B-EY
= Cheese, Craam,
Banonas [ Ripah i) A2 108 308 kel e HE-S0)
Dried Figs/Ralsina A 2 a6 - 4 4050 40 Bl
":_'. Avocados L Al 10 m |  Eosy a5 H5-50
= Clirus Ef g = B5-50)
I~ 80 A 17 0
Applon/ Apricots’ Paars B ¥-38 a5-507
= Bacarn [Curad) A3 21 33 Fis 2] 3940 65
E Framh Qamm B a2 14 i M 28 g5-90
= Beal, Ham, Lamb, Park
Sausaga, Vaal b 4 55 L] 54 bR FS-3
Chickan iy | -2 6 .
an l ] BT
g Turkey B 3 7R
Bailed Lobstern
o
E E oF Cink BL A4 4 = %= L BL G
Al Deker | Frashl B4 A4 iC ) b | 12 - B5-35
Beaans {Grean),
Cucumbars, Egaplent.
E Garlic Dyl Medona,
i" Dera, Onidons | Dryl,
o Pepper, Potatoss, 1 a7 I 136 n b} B B
E Pumphkins, Sgussh
E [{Hard Shalll, Sweet
= Potatoes, Tomatoss
[ Aiped |
FAaat Other ba AT I 138 an B a2 o0-an

Wotes: 1. Values sre aveages by piodws) group. and may be used for esomating rooms inwhich the esact product loading & unknown.
2 Befer oo Table 3 4or speciic propenies ard siprage requerements of noividual products:
3. Poars roguing 0 nedathen humiding of 92.95%

RECOMMEMNDED INSULATION THICKNESS
TEMPERATURE DIFFERENCE [RDOM LESS AMBIENTI, °F
INSULATION TYPE COOLER HOLDING FREEZER SHARP FREEZER
AND ‘B VALUE :
B0 |5 |80 |6 |7 |75 | @0 | e |90 |98 |00 |08 |10 (115 | 130 | 126 | 130
Fosmglsss 3 | 4 5 ] ] 7 g &a | & ] R ET BT BT
Carkboard 30 F] 4 4 F] g E| e | & 7 2 4 ] gl | w|
Enpanded
PolrETyring | 2| 3 a 3 i | a4 4 B | B | ] ] 7 7 B| & 8
Fitvrglasa T ] 3 ] 3 i | 4 i 6 | & ] ] ] 7 7 B| & B
Extrisded
Roliiyreos JdBs | 2 a K] [ 4 | 5 B 6 | & | & 6| 4 B | & 7 1| 7
Sinh e
Airetiang w | 2| 3| a) 3|3 |af[a]«)e]|e]| 8| 5| s 6| 6| a8
Foamad-In-
Placs Ursthand 2 2 -] 21 3| 2| 3 ] o & 4 g | a4t | a4 | 4 E E E

Motes: 1. Thicknesses snown sre for gereeal guatance grly. Requiremends For s given mstalistion wil vary in sccomdance with operating verus
first cest progctiors.
2, 3 inch foamed-in-place urathanrd & adequate lor short 1eom walk-in Treerer sppbcadtions.

35



APPENDIX—TABLES

TABLE 23 MILK CONTAINER DATA

EAPALCITY OIMERDONE 1K, COMTAINER DATS ll:rzr-u:: LI ETL B
TYPE CONTAMER WIDTH GR WEKIHT | 5P HT, canitons | wemHr | TocooL1w
oz gal LENGTH | ouw puann | WEIBHT |y maimpep | MATERIRL | e ass | LaE WHEN FULL
Carton
Cumrt n - - m 8.0 (L0 0.50 Papss - 118 2.08
Hall Gallan B4 - - am 8.37s 0182 055 Papar - 4.30 4.11
Galkon - 1 - 558 9.50 11245 050 Papar - B0 B0
Bartle
Half Pint B - - 238 s i 1L 0.500 0.0 Glass - 0537 .51
Pint 16 . . 3.0 1.8 08106 | am Glass = 1,075 1,98
Chusary 32 - - a0 ) 1.000 0.0 Gilags - .15 i.92
Capea’ ’
Quart Carans - - 3.0 13,00 11,00 16 0.13 Saeal 18 3440 3.6
Half Gal Cartans - - 3.0 13.00 11.00 1.0 017 Sheal ] 38.70 Jr.2
Gipllpn Cartons - - 134 13,00 11,00 7.0 Q.12 Sreal 4 34,40 el ]
Hall Pint Batiiss - - B35 14850 6,75 1.0 0.5l W ool a0 1611 24.80
Pirt Battles - - 5 =] 14,50 B.50 4.0 Q.60 Woad 2 2 5 X2 .00
Dizart Bottles - - [4: 8- 14,50 10.60 6.0 06D Wood 12 2580 3830
Cans )
B Gallon - & - 140.50 19.60 160 012 Sl - 4300 42 2
0 Gallon - 10 - 13.00 25,00 6.0 012 S - H.m B4.00

Mgnes: 1, 5@ HL D34, waight per quart — 21555 | waight por galion — B6] e
. Slorhpe arass miy be estmated on the basie of 20 b of milk im gless botdesor 100 1B of rlk i paper guer cartons persq £, wih

V9 additonal anta being adowend for amies. Cases aon usually atackad 5 high Eairaicsscd iy parr Params ASAT sk ASHAAET Appscainn Dam
¥, Winghis or cases smpiy | no botiles imchumed) ST D T G by Ao il veiagieeg B maeduiaig
N iN=eL Y CHEESE MAKE & CURE DATA TABLE 25 SPECIFIC HEATS' OF MILK
SR TEmp, | RELATIVE AND MILK DERIVATIVES
CHEESE PROCESS ap | MUMIDITY m'ul TEMPERATURE. °F
W PRODUCT
F R EE 72 B2 B i = o L
oo Boom - -
Rhue Curing Room 48 50 i ) Wiwey g A Wil o
Holding Roam | 4045 0 .10 Skim Ml G040 | 0B | 005 0.503
Wihala Milk .50 0938 030 eE
el i 13- 18 mosl 18% Croam 0,750 0853 088 0500
Cheddar | CunngRoom | Soee | ma | Y 2% Craam 0722 | 0340 | D8N0 | 0888
5570 BS80 | indwiseminm 3% Cream 0.ET3 &.583 M52 0. 550
- 45% Cream 0,506 1.016 LR B il
Saming Aoom Tl B In Hring 4.5 B0 Craam 0,560 1,053 e ral 0,757
Caat Fimom 20-45 X0 -5 Butter 05tz | p&2r | 088 | 0%
Swins W Roam w577 &-E5 14 Mk Far 0445 bLag7? {1 500 0530
Curing fnam B BO-B5 14-28
HnHln-g Hnam A5.40 | B0 TR0 Mota 1050, heatin B in' UF
THISETH (P NSl CHEESE FREEZE POINTS
TABLE 26 OTHER CHEESE CURE DATA CHEESE FHEEZE POINT, °F
CLRE AILATIVE | CAIRE
CHEEE{ TEMP J HUMIDITY | TIME e 1’
- e | Davs (Ciul e 28
Cottage M8
Brick BO-B5 L B0 Limburger 7
Limburger &0-65 86 a Prooess American TE&
Camambart B3-68 a a Process Swiss 175
Cream Roguatart 3.7
Cottage Mo Ciste Swiss, Domastio 4.8
Meutohatsl Swiss, imported a7

TABLE 28 CHEESE STORAGE TEMPERATURES |

OPTIMUM | MAXIMUM DPTIFUN | BAXINLIBA
CHEESE ETORAGE | STORAGE CHEESE STORAGE | STORAGE
TEMP.. *F | TEMP.. *F || TEMP., °F | TEMP., °F
Brick i 5 Procass Amarican &)-45 S
Camambert b B i Process Brick 445 b
Chaddar 30 L] Pracess Limburger| 4045 i
Cottage A 5 Process Swiss &-45 T
Cranam 2-M =5 | Raguatort 34 50 i
Limiburgar M 5 Swisa 30-34 &l
Weuichared EER ) =5 Chaasa Foods H-45 ] !

Tafies 28 1hu A8 aatracind From 1971 ASHRAE Appiicatans
G Ceakdn and Data Book — Raprinesd by Parmission
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TABLE 29 BEVERAGE CONTAINER DATA
CAPALCITY CHMFRADRKS i CONTANER DATA BOTTLEE
TYPECONTAINR Tws | weigHt | Toboe 1o
WL Wl TH R WEIGHT | 2 WT CAME TELE |
ar DAL LENGTH | siaw pram HEMIMT 'y BTLILE/ % TR {EPE':‘E LHE WHER FLLL
Bawr, Tall, ] B
B - X L [i} L1} Giame - N nai
Bwwr, Sgums KA 12 - *EI Ln [ (K} B BIE 11 Bd
Bawr. i, H.0 n h - ILN 1 i - R =03 il
Coca Cals ] 3 = LT I LE ] (1] m i ] 0Eg
Sofs- & L] - — L5h mm ] 0 m - Bl 3 &5
Boda- 7 T - T 1 g 0.2 13k, Cobd B
Hods- B L] - = FA ] a8 = 0 (Haii ik L]
Epdm- 3 a9 - - i a0 o n3n s - ] nra
Gratn-12 ia - - AT L] Fim [if 1] [EF1ES - ] 11 5
Se=in-10 pey o - e LER ] (] Q20 b - Fde o 2kt
Cuns
@ ne. Dasr, S ¢ ] - bS] iw o oy ool £ amn
12 or. Osar, Al 1 158 T -fl7 ozl [T LK a7
Pinr Bass, Srasl 13 153 §x [N (AT Bt ] £101
B
l"'l-l 1224 Bat i bl
il 13 a4, - - 114 341 L] 1R 0 M Ly aE
Todl. 1204, Bat - - 16 18 L] A a1 DAD l'-;' H ﬂ ﬁﬂ
Squat. M2 or. MR ] 1.5 LEL A &) [ oM Ciwr P n 1M N
LB - - 15 B £ & IR oM Cawr Fapes l M FoAL ]
Can. 1oz Tray + - 1R & 2% (¥ [ Cosv. Pughs M "M ELT
Coza Celn - 1BED t1H F. b6 Dl L] L £ 10 Qxn
Ezx - - 1l b tim am [ X Wyl M p & S
L - - 1050 riom e X1 bl Vouisl Frl gt 4 6
12as - - i fET 102 b5 Bl Wil FLl 1K Mg
Qusi - 18T t2 & a0 A.on . Wiood ul am o
EI:EI W il
i L) L] i ot o Wi - n at
' " a o Fi = 1 ¥i=aal - ] Hi
k] 15 "o Wi =3 e oo o 1} 158
Full ~+ a M b e ] Wieat 240 m
Eigh vk lans e
L] - a b 1T 1% 0 1] Sammi =3 1)
L] - L a0 bi 2 L ail Sumi " na (1]
WaigE — Cma A i
Ny = 4 . LER 153 s 3% | Akimrr 8] »
b - a - la 7.5 b ] 22 Al .rd e
LY . L - 18 i 3] m [ F Ay T 130

Motes 1. Specific heats of beer and carbanated beverapes estimated ar T Bhe/thi F
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B % 150 £ ) LT aM | 13860
LT | 150 &L W« 16 Bai 15400
8 =W TN T w0« 18 b 16820
R R 230 i wW- = 30 ] 18150
R [ N 26 S0 2 x 18 BED 1750
R a5 10 12w 18 a0 156D
R T am T1E0 2« mt B0 i = i )
8" = 15’ 495 ERE o wow 3 1240 B
Mimie Loy sew ased on 10° coaie heghin, ¥55F hoidng iempe, 30°F piidut tessi. raouct and o TH*F smeiconment. snd hyve tsen adanied o 18 he
Airnleeiale’ (vl Iai, & 0% da e ieesn D BT e aen e 3?.

Tty 29, 51 B 11 asmacms inpam S e ASRE i moa RSHRAE| & peboainn Dale Seoian s oo dais e cliisinesd by srsl wssgtisn sod messucemem



APPENDIX—TABLES

TABLE 33 DOMESTIC OUTDOOR DESIGN DATA'
LOCATION | 9298 | LocATiON | 2®WB T \ocation |S8We| LocaTiON | Seve
Alabama illinois Montana South Dakota
Birmingham 97 78| Champaign 96 78 | Bilings 94 68 | Rapid City 96 72
Mahile a5 80 Chicago a4 78 Helena 80 65 | Sioux Falls T
Montgamery 48 B0 Springfield g5 78 || Nebraska Tennessee
Tuscaioosa 98 81 || Indiana Omaha g7 73| Chattanooga 97 78
Alaska Evanayilis a5 74 || Mevada Knoxville 97 BO
Ancharage 7363 | FortWayne 83 77 | LasVegas 108 72| Memphis 36 80
Fairbanks 82 64 Indssnapaols a3 78 Rena 84 B4 Nashwile 7 73
Juneau 75 66 Tarre Haute 85 79 | New Hampshire Toxas
Arizona lowa Concord g1 75 Amarillo S8 72
Douglas 100 70 | Cedar Rapids 92 78 | New Jersey Corpus Christi % 8
Phoerix 108 77 || Des Moines 96 79 | Newark 84 77 gi':'“ :‘5"' 78
Tucson 105 74 || Kansas Trenton 42 78 a IEEE EHI.'II L
Arkansas Dodge City 99 74 | New Mexico R o
Fort Smith 101 79 || Topeka 99 79 | Abuguerque | S6 86| _UCS0 s
Little Flock o0 g || Wichita 102 77 | SamaFe L et
Kentucky Mew York i
i N e A PO Al P Il
Bl"r'ﬂ'lE 111 ?a LU’UL"’I’"'U H ?9 Buffalo 88 TE Buﬂingmn m ?.
Erasno 101 73 | Louisiana New Y ork 34 77 | virginia
Los Angeles a4 72 Baton Rouge 98 81 Rochaster 81 75 Norfalk 94 79
Oakland 8BS BS MNew Orleans a3 3 Syracuss 80 76 Richmomnd 95 79
Sacramento Im E Shrgl.lgp{.rt ﬁ ﬂ‘ Nnﬂh Eﬂtﬂllﬂﬂ Roanoke H TI"E
San Franciseo m H Mﬁlﬁﬂ Aﬂmlllﬁ 51 ?‘E Wauhingtun
Partand 88 75 Charlotte o9 78 Seattle 81 67
culoreds North Dakota Spokane 93 66
Desnver @2 65 || Maryland Bi ¥ akima 94 69
N Baliimoee m m Ismarchk a5 T4 L
Connecticut o Far 92 76 || West Virginia
Harttord 80 77 | Hagerstown L P Charleston 82 76
MNew Havan B3 77 || Massachusetts Elil:'ll:irtﬂﬂlr 6 Parkersburg g8 n
D-hwi_f- gﬁrw’_ | 91 76 Clerukind i 2g H'ﬂgnml;:uﬂi: —_—
Wilmington 79 pringfiald 91 76 Dayt as _ o
Worcesiar 89 75 on 7 Madison a2 77
Dist, Of Columbia iciitain Oklahoma Milwalkse a0 77
FI"""';“;:“"E“““ S T parrcit g2 76 | OkishomaCity [100 78 | Wyoming e
o i Grand Rapids | 81 76 | Lawton 108 78 || Casear
":;:;JMIE g g Lanaing BS 76 Tulsa 102 78 Lo By 53
Orlando 96 BO || Minnesots Oregon l:né:ljdﬂ &7 6
Tallahasses 96 BO Dhuluthy BE 73 Portland 91 B3 Ed gary 85 68
Tampa a2 e 51. Paul 82 77 | Pennsylvania Enr:::t;:; 95 69
Georgia Minneapodis 9277 Erig BE 76 Halifax 43 9
Anlania 5 78 | Mississippl Phitadelphia 93 T8 Hamiiton a1 77
Savannah 896 81 Jacksan O 74 Pitisburg 80 75 Montreal BE 78
Hawaii Missouri Rhode Island Oriawa B0 75
Honaluly B7 75 || Kansas City 100 78 | Providence B3 76 | Toronto 90 77
Idaho 5t. Louis 86 79 |[Sowuth Carolina Vancouwwer B0 BB
Baoise 96 6B Springfiald g7 78 Charlaston 85 Bi Winnipeg 80 75

Tabies 33 B 34 ewracmd trom 1873 AGHRAE Handbook of Fundsmentals — Asponted by Permasaon




APPENDIX—TABLES

TABLE 34

INTERNATIONAL OUTDOOR DESIGN DATA'

tocamion | SF%7 || Locamion | GRYD [ wocarion | %] rocamon | OEWE
Afghanistan Cuba | Indanesia | Pakistan
Kabul 598 66 Havana g7 81 Dijakarts 90 BO Chittagong 53 82
Algeria Danmark Makassar 50 80 Kaachi 100 82
Algiars 95 77 Copenhagan T3 68 (| lran FPeanama & Canal Zone
Argantina Dominican Republic Abadan 116 B2 || Fanama City 53 81
Buanos Aires 8 " Santo Domingo | 92 81 Meshad 99 6B | Paraguay
Tucuman 102 78 Bigiidar Tehran 102 75 Asuncion 100 81
Australia . Irag Peru
Adslaida ag 72 gzﬁ?q”" % :‘; Baghdad 1373 | Lma B6 76
Brisbana 91 77 Ireland Philippines
Melbourne ag 71 || E! Salvador Shannon 78 B5 Manika 94 H2
Penh 100 76 SanSavador LSBT 4orne) Puerto Rico
Sydnay g9 74 || Ethiopia Tal Aviv 96 T4 San Juan 89 B
Austris Addis Ababa 84 85 | Italy Saudi Arabia
Vienna B8 71 || Finland Maplas 81 T4 DChahran 111 B6
Bahamas Hlsinki 77 65 Rome 84 T4 Rinvadh 110 78
Mamsau 80 BO || France Japan Bouth Africa
Belgium Marssilles o) 72| Sapporo BE 76 | Capetown 93 72
Brussels B3 70 Paris B T Tokyo a1 81 Johannesburg BS. 70
Bermuda Germa Jordan Spain
Kindiey AFB Lo E‘Eﬂinnv 84 68 Amman ar T Barcelona B8 75
Bolivie Hamburg Bl BH | Kenya Placiracl |
. '-‘*1:’“ 88 punich B6 68 [ MNairabi 81 66 ||Swaden
Brasia gg 7g || Chana Lebanon Sacke T
Accra 81 BO Beirut 83 78 | Syria
bk, i a8 . Damascus 102 72
Rio de Janeira | 94 80 || Greece Libya M
Salvador g8 79| Athens 86 72 |  Bengasi B7 77 || Thadtend
Sa0 Paulo 85 75 || Greenland Malaysia Ef"lﬂ*ﬂlk 97 a2
British Honduras Marssarssuan 66 56 Penang 93 &7 Tl-lnlﬁlfl
Beliza 80 82 || Guatemala Singapore 82 g2 Tunis 1z 7
Burma Guaternala City | 83 88 | Maxico Turkey -
Mandalay 104 81 | Guyana Guadalajara g3 6 ;ﬁ'”mtr:ll ::’ %
Cambodis Georgetown | B9 80 ||  Merida g7 B0 || 57
Phniom Panh a8 13 2. : . ; United Arab Republic
Haiti Maexico City B3 &1 : pige
Caylan Port Au Prince a7 82 Maonterrey 58 79 il ’
Colombo B0 B1 Vs G g1 ga ||United Kingdom
Chile Fonturss Beifast 74 85
Santiagn 50 71 Tagucigalpa 83 73 || Netherlands Birmirigham 79 68
Valparaiso 81 57 | Hong Kong T 785 || | ondon B2 68
Colombia Hong Kong 82 81 || Now Zealand Uraguay
Bogom 72 60 | leetand Auckiand 7867 |l Montevideo 90 73
Cal B7 13 Reykjavik 53 54 Wellington 76 66 Venezuela
Medellin B4 70 || India Nicaragua Caracas B4 T2
Congo Bombay 95 g2 Managua a4 81 Puerte Ordaz ah B2
Kinasha 97 B Calcutta 88 83 || Nigaria Maracaibo o7 B4
Stanlayvilla 82 B1 Mew Dethi 110 B3 Lagos 92 B2 Valencia a5 80

feosa 1) Design sempemtiens shown n Teblkes 33 & 34 ke egualad
ar excooded during 1% of summer manihs.




APPENDIX—TABLES

TABLE 35 S| METRIC CONVERSION FACTORS
AREA LIGHT
A o UME & @ = Moo inS Fazsicnde = LOME + 1 = L Bl
fif o ITHE - @ = M i Faagarber o JAHL + N = [ardela | M e fodief
' E BAWE - M - M fh AES
= JSHE + DB - Neae bvh
o §3BIE - P = Neaw bt M
H ? [ ] ® [0 - 0 = dkgam g
E.H [hasca Uvsr) = B0 - @ = Kioganig
E G Prairs] 18! = WS - 0 = Kigon kg
By w 1ESE + W = Joke Torrw « |0+ 1 = Kiogam g
Cobma w AIEE + W = Jede ) Ten dang 190 s 106 = @ = Kiogum g
Hipsdae = ATHE + F = Jouky Ter (Wil 100 = B = Kiogun g
ki  1EEE i DE = ook jl Tee fshert, 000 w BOPM - 1 = Kiogum fug
wehi o JEEE 4 @ = Jak
MASS PER UNIT TIME
ENERGY PER UNIT TIME L, SR U 1IN
il e < LTRE + M = Wanl P Meve’ b i 4 i G e m"""""n;mm"g}:
B o i e IES3E + W = WabFpr Medeiw larh Bk w ASEE - O = Niagam Pu Sacond i s
bl * TRt + W = Wl P Mebe el /gt W 1BEE - OF = Kiogan Pu Jos gl
Ll e pravi « BAME 4 W = 'Wan e Mies oy lmt -
m'ce! = L3 o+ M = Wen Fe Meps' oy lm®
a'h s JFETE o B0 = 'Wan P M et DEHEII .
a il o LESRE 4 @ = 'Wan Pe Mpes! i ar] gl v 1KE + [0 = Kisgan Pe Meee® diglm
Gz Mwed! ' fonl # JAEE + D = Kodogram Pe Mere' ikpimY
H T hil « 1HOE + 01 = Kedogram Pee Meira® gim%
TR — bin' = JHBE + D = Kingam Pe Mere® tipim%
1 = } higal ¢ LINE + (€ = Kiogoam Pe Mema® tiplm®
Aty = ITIGE &+ M = Joum Fe Mene' /e
Cad! eny! w AT = D4 = doe Per Main® §/mN hipd' « SK0E - Ol = Kedogram Pe Mere' lip'm%
Hinat Flurn Blewmity:
Bruliht=Hl o RIS « M = Wk Pe Move' fn/m'] FDWEH
[l fereted o LHE = B = Wap Pe Move'in e Bcih s MEME - 0O = Waniwl
Vot Trasester ComsHicimne {U}: :'m % LI+ 01 = ot
oL 0wttt | (SR o - e
B/ le=hte=F ] & - = i - .
=hifs TIRE + W = Wan Per Eplym o i e K b o = BETIE- + §) = Tedbni
In::ﬁﬁﬂmmnhu: b lalecki W JAEEE o B = Wi i)
En'n AME = [ = Jous P Riggare i kg hp b = TISSE 4 W = Wenimi
Callg i BIETE & @ = Jouke Par Kilwpam {jiig o0 of i, w ARYE 4 @1 = W
Specific Haan (0
i « AIETE + 05 = Jou pas Ky Kadvm | g X PRESSURE
HE = = ol pa K i
e e L por Kbl i * KN Erronphen = 1013F + B8 = Pasedipsl
Tharnsl Condeciivity |Hx D-n“-ﬂi ® TI13E 4 M = Payesdipal
Hpgs Fgfaa e O W TFIE & M = Was P Mame - K by e oo of 'Stz = UABE 4 01 = Fanzad |pal
B AG & = OF) o ETOE & [0 = Wan Per Mefre - Kb b e | Fi of ity W TEEE 4 @ = Fusemdipa
Bia® ke fj's W TADE - [ = Wy Por Meow - Kb D e 3 hotlg « AME 4 0 = Puscalipal
Gl e °0 A RIETE ¢ [0 = Waw Par Mamo - Koo i lime Kl in of Waer m DASE 4 ) = Pasmal il
Thrrrad D #bawivety: ¥malby = 133t + @ = Fuwaligal
fi'lh W INEIE - & = Wy Pa g ' P = GNNE + @ = Fassl sl
Tharmal Ressiznos IR
Fofa b | B o UE'E 0 = Kb~ Woti® il [T wl TEMPEH.AWHE
LENGTH " £ o
o = TR+ & = o
h « JME - 0 = Meowirel * + ARE = 10 = Ko
n W JWHE - B = Mypginl K = 1§ - 48R = "f
nLeEn « 1O0EF - 0§ — Meopimi T + T11a = Kwim
i o TIME - B = Mebsin Kk - 15 = g
e o LEEE 4 B = e imi PRankisi = 1F = filem
hesines:

1. Ma oquivalants For (e abibrmviations "Pala’ and "Paig” e atlleed o i0e 51 Systam (U necessary 16 B0 desgnatn & gheen oressurs, it would ba
defined as “on abdohute peassuen of S0Cpa’. or 25 hpa | Gagal™, o1

2. Al faciors have been roundea off 10 4 sigrifcant digits and ane, therelare, ey St delinition soprommate
3, The “E” notation ks whieed for consenenco mn slectrome dath procesaing. nnd has ne odbar sigaificams

4, Sf spunaieris sme shaays Shown 23 8 nienbes gronnes than 1 and less than 1 Exargles 1ISEE & 03 oule pay Bru (raghar thaa 10551, 1,000 E
- D kg per gram {rather than 0001, o

Extrpctad Iroen 1978 ASHAAE 51 Mamnc Guids — Reprintsd by Permission
40



APPENDIX—TABLES

WEIGHT EQUIVALENCY

LGN ENGLISH CONVERSION FACTORS

OF COMMON MEASURES Armoszpheres « 14896 = PoundsperSgin
Product Measure Waight — Lbs :CI'EB y ‘;ﬂgﬁﬂ - gﬂui"ﬂ Feat
Sy e — 1 Bckal. arrels o 31, = Gellons
Apples E:ﬁ:f' o 1?2 Bushals < 1,245 = Cubic Feet
B Binch 50 Bushels « 32 = ﬂua!'lslé[!r'ul
Beaf, Drossed Hiesel | Carcass) 550 Cubic Foat = 1728 = Cuhbic Inches
Cublc Faet = 7438 = Gallons L. 5. Ligk
am Dressed Lﬁdiﬂnrﬂul Tﬁ Cubic Yards x 27 = Cubic Feet
Hogs, Dressed Ml {Carcasi) 300 Cubic Yards w A2 = Elﬂl_:lrtl-il..l.s. Lig.
iow Bushel &0 Glﬂlnm w231 - L‘m::u: Imchas
Grains [ Avoir] w 1.0 = Graing | Trayl
I;Imh,ﬂr?sad ;-;uaﬁ Ill:an:ml' ;g Horsepower w IRAT = Bitu/hbr
bt ity Horsepower 5.7 = Watts
Fotatoms s i Kilowntts « 33 = Bru'hr
Kilowatts .34 = Horsepower
TABLE 37 ENGLISH — METRIC Kilowatts = 1000 = WHTH
CONVERSION FACTORS Qunces [&wvolr) « 4376 = Grains
Biu % 952 = Calares Dunces (Fluid) « 181 = Cubie |nches
Cubic Fest w Z32 = Liters Duncas [Troy) ® &80 = Grains
Cubic Foat % 472 = Cubic Centimetars Qunces [Troyl 1087 = Dunces (Avoirl
Per Minute par Sac Pounds PerSgin # 276868 = Inchesof Water
Cubic Inchas ¥ 1639 = Cubie Centimetars Pounds Per Sgin ¥ 237 = FeaiofWaer
Cuble Meters ® 3831 = Cubic Feat Pounds ¥ 7000 = Grains
# 242 = Gallons (LS. Lig. Paunds = 16 = Ounces{Avoirl
* 1000 = Liters Pounds = 1488 = Qunces|Teayi
Cubie Yards = TB4.B = Litars Pounds i 1.22 = Pounds {Troyl
Drams % 1,772 = Grams Pounds [Troy) = HFal = {Grains
Feet x 3048 = Centimeters Pounds (Troy) « 1317 = Qunies | A
Feat Per Sacond ¥ 1,087 = Kilomasrs per Hour Pounds [Troy) L = Juncas {Troy|
Gallans % 3,785 = Litars Pounds PerSg in = 237 = Festal Water
Grams * 1543 = Grains Quarts [Liquid) % 5175 = Cubiinches
Grams Per w, 624 = Poundsper Square Fest w144 = Sguare Inches
Cubic Centimeter Cubic Foot Square Yards % 1236 = Square Inches
Grams Por Liter * 1000 = Parts per Million Tans (Shaorg) x 2000 = Pounds
Grams Per » 205 = Poundsper Tons (Long) x 112 = Tons(Shornl
Square Centimeter Squsare Fool Tons Of Refrigaration = 12000 = Biu'hr
Horsepower (Englishl = 1.014 = Horsapower [Matric) Watts x 3.41 = Buw'hr
Horsepower * B3t = Kilocalosies
Inches = 3B = Centmaters
Inghee Of Mfwrouey! N3 = Ggq”'ﬂg:;“mr i =IN=EL] METRIC CONVERSION FACTORS
= Atmospheres = 76 = Centimeters of Mercury
:gﬂmﬁl R 4008 Fiesr Cantimatars = 10 = Milllan!IEr!-.
Square Centimeter x 28.96 = Inches of Mercury CubaNmeny; X IR . e G
% 14.22 = Pounds perSqin Cubic Meters = 1,000 = Lirers
Clocalorios 37 - Bu Shewite” XN =
HKilomaters = 3281 = Fest % -
Kilowatts « BE0E = Kilpcalories per Hour Dekamaters = 10 = Meters
Liters x 1.087 = Querte{l.5: Lig.} Gramsa w1, 000 = Millgrams
Matars x 3.28] = Feet ::ET : }’ﬁ = g:mu
Ouncas (Avair] % 28.35 = Grams Kil-nlih:n . 1":“. = Tl
Dunoes (Troy) = 3110 = Grams .
Pounds x 4536 = Grams Kilometers = 1000 - Maters
Pounds Per ¥ 16.02 = Kiograms per Kilowatts = 8605 = Kilocaloses per Hour
Cubic Foot Cubéc beter Litars s 1,000 = Guibic Centimeters
Cuarts * B4 = Cubic Centimaters Metars w100 - Ellanﬁmﬂﬂrs
; Matars s 1,000 = Millirmetars
gﬁﬂm : ﬁ z ﬁ::gﬂ:mﬂ Millitiners ® 1l = Cubic Cantimetens
Square Meters ¥ 10.M = Sguare Fest Sguare
Tons (Short) ® 9072 = RKilagrams Contimetars = 100 = Suare Milimetars
Tans (Metric) ® 1,902 = Tons[Short) Square Meters = 10,000 = Souare Centimeters
Watts x BB0.E = Calories par Hour Watts = BB0E = Calories per Hour

a1
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APPENDIX—TABLES

OUTSIDE AREA, ROOM VOLUME AND REFRIGERATION LOADS
FOR WALK-IN COOLERS AND FREEZERS AT 95°F AMBIENT'

B8FT HEIGHT? 10 FT HEIGHT?
ROOM | remoe| moom CAPACITY REQUIREMENTS LESS || oyraine | Room CAPACITY REQUIREMENTS LESS
ﬂhﬁ:::fhi AREA | WOLUME PROCUCT LOAD-RTUHA BREA | VOLUME PRODUCT LOAD-BT U HE
ooy | BOFT _r:u_l-:r_ = PP s v || 50 FT | cuFT oo wr | mr | wr |
Ex B| 228 234 | 5300 | 4600 | 4200| 3600)| 276 294 | BOD0 | G600 | 4700 | 4100
Bx B 22 318 | 8100 R0D | 4800 | 4200 328 402 ] BRD0 | 5400 | 4700
Ex10| 316 404 | BOOOD | GH00 | G400 4700 380 5049 | 7800 | 7300 | €100 | 5200
Bx12| 360 490 | FPO0 | 7200 | 6000| S100| 432 616 | 8700 | B0 | 6700 | 5800
Bx10 368 552 L B0 ]_"53:‘ G200 | 5400 240 EE"-'I 8000 | B40D | 7000 E]ﬂﬂj
Bx=12 416 6688 | BB0O | E300 | G900 5300 S04 840 | 10000 | B30D | TIOD | 8800 i
Bx14| 464 TH4 | 10000 | 400 | THOO G800 B52 887 | 11300 | 10600 | 700 | 7800 |
Bx16 512 000 | 10B00 | 10000 | 8400 7300 508 1133 [ 12200 | 11400 | 9300 | 4100 |
Mx=x10]| 420 B3O | 9000 | 8400 | T000 G000 500 879 [ 10200 | 9500 | 7800 | 8700
M=12]| 472 B4E | 10300 am?m BOO0 TI'U‘IL 560 1065 | 11600 | 10800 | BS00 | 7700
1014 B24 093 | 11200 | 10800 | 8700 TEOD 620 1250 | 12600 | 11800 | 9700 | 8400
M=16| &M 11471 | 12100 | 11300 | 9300 800 &80 1435 | 13600 | 12700 | 10400 | 9000
1W0x=18| &8 12B8 | 13000 (12100 | 9900 | BS00 740 1620 | 14500 | 13500 | 11000 | 9600
1M0=x20| 680 1435 | 13800 | 12900 | 10500 9100 BOO 1806 | 15400 @ 14400 | 11700 [ 107100
12x14 Rid 1203 | 12400 | 11600 | 9500 __EEDU‘ BBE | 1513 | 13800 | 12900 | 10600 | 9100
12x16| &40 1381 | 13400 | 12500 | 10200 | 8800 752 1737 | 148900 | 13800 | 11300 | 9800
12x18| o 1553 | 14300 | 13400 | 10900 | 2400 BG 1962 | 16000 | 14800 | 12100 | 10500
12=20 682 1737 | 15200 | 14200 | 118500 | 10000 BEQ 2186 | 17000 | 15900 | 12800 | 11100
12=30| 1032 2629 | 19600 | 18200 | 14500 | 12600 || 1200 2307 | 21900 | H0400 | 18100 | 14000
14 =16 _?U"I- T_ﬁE'I 14500 | 13500 | 17000 | 5600 B24 Eﬂ"'ﬂ 16200 | 15100 | 12300 'Im:l__'
M=20| 824 2040 16500 | 15400 | 12500 | 10800 860 2566 | 18400 | 17200 | 13900 | 12000
14| 944 2958 (18500 | 17200 | 13800 ( 12000 || 1096 3083 | 206800 | 19200 | 15400 | 13300
14 =28 | 1064 2877 | 20300 | 19000 | 15100 ( 13100 || 1232 3619 | 22600 | 21100 | 16800 | 14500
1432 | 1184 1295 (22200 | 20700 | 16400 | 14200 || 1368 4146 | 24800 | 27900 | 18100 | 15700
16 =16 ?EE- 1851 | 15700 | 14600 | 11800 | 10300 B36 2342 | 17400 | 16300 | 13100 | 11400
16=20| &9 Ziaz | 17800 | 16600 | 13400 | 19600 || 1040 2946 | 19800 | 18500 | 14800 | 12800
16=24 | 1024 2822 119900 | 1B600 | 14800 ( 13B00 (| 1184 3651 | ZERD | 20700 | 16500 | 14300
16=28 | 1162 | 3303 [22000 | 20500 | 16200 | 14100|| 1328 | 4155 | 24300 | 22700 | 18000 | 15500
16 =32 | 1280 | 3783 | 34000 | 22400 | 17700 | 15300 || 1472 | 4760 |26600 | 24700 | 19400 | 1GBOD
16= 36| 1408 | 4284 | 25800 | 24000 | 18900 | 16400 || 1816 | 5364 | 28600 | 28800 |21000 | 18100
0=20| 1040 | 2946 | 20300 | 718900 | 16100 | 13100 || 200 | 3707 | 22500 | 21000 | 16700 | 14500
=24 1184 3851 | 22700 | 27200 | 16900 | 14600 || 1380 4467 | 25200 | 23500 | 1BBOO | 16100
20«28 | 1328 4155 (26000 | 23300 | 18400 | 15800 (| 1530 5228 | Z7700 | 25800 | 20400 | 17600
20 =32 | 1472 4760 | 27300 | 25400 | 19900 | 17200 || Y680 20200 | 28100 | 22700 | 197100
20«36 | 1676 6364 | 29500 | 77400 | 21500 | 1600 || 1840 G740 | 32600 | 30300 |23600 | M040D
20=40| 1760 | 5969 [31700 (23400 | 23000 | 190800 || 2000 | 7500 | 34900 | 32500 |25300 | 21200
30 =20 | 1400 4458 | 26200 | 24400 | 19200 | 16600 || 1600 GEOE | 29000 | 27000 |21200 | 1B30D
30 =24 | 1584 6372 29300 |FTH00 | 21400 | 18500 || 1800 B759 | 32400 | 30100 |Z234D0 | 20300
30 =30 | 1860 G744 |33RO0 | 21500 | 24300 | 21100 || 2100 B484 | 37000 | 34400 | 26700 | 23200
0 =30 | 2320 8030 (47700 | 3E100 | 29200 | 25300 || 2600 | 11367 | 44800 | 41600 | 32000 | 27700
40 =40 | 2BB0 | 12087 |DO300 | 46700 | 35300 | 30700 || 3200 | 15212 | 54800 | 50800 (3B500 | 33500

Mot 1. Batngs based on 37 faamad in-places wmthares, avnnage desge, indoar inatslasan B 18 houii coimpmssior opanition
2 Hoghts represent intemal cleance. Overall heights with flioar 867 & 10°68°
3. Cowrsction Faciprs - Other Ambients: 30°F - 0.7 700°F — 1.710; 115°F — 1.35

&, Correcbon Faciors — COther Usage: Light |Long-Term Storogel = 0.80; Heovy — 1.15-1.40

5, IMPORTANT: Linlization of chartsd walues requeres opplestion of praparky ratsd egquipmant



APPENDIX—TABLES

gV NS AVERAGE PRODUCT LOADS IN BTU/HR FOR WALK-IN COOLERS AND FREEZERS
ROOM CODLE FREETERS ROOM COOLERS FREETERS
VOLUME | I T VOLUME
PROCAICT LoD PRODUCT LD PATNICT LDAD PROERICT LOALD
U FT LESDAY e LBEDEr bt CU FT LASTEY L | FERAY -y
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WALK-IN COOLERS AND FREEZERS

TABLE 43 GLASS DISPLAY DOOR LOADS IN ETWHR FOR

OF COOLERE X5"F FRAEETER
2to 4 a6l 12050 18H) 2100 2H00
Bia 7 Eah 1I0a 1580 18040 2100
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MNotes— 1. Values & per door, and ame based on standard 307« 667 doubbe glagod cooler, and tripia glazed trescar,

doors. Faron o giher slandad oo szes: F0° = T2": 111 30° = B0°; 1.24.

‘alies da ned apoly 10 repch-n redd

Unit cooders showid be placed cppoaiie and above the ooom (Blewing veard e deoei] o ceals an &ir
cuitain alfecl

4, T'D represents the dfereros babwoen box and Foom inmpanlns,

2.
1




APPENDIX—TABLES

TABLE 44 PROPERTIES OF SOLIDS

EMESSIVITY
SPECIFIC HEAT | DEMSITY | THEAMAL CONDUCTIVITY
MATERIAL DESCRIFTION BTU/LESF LB/CU FT BTR = FTHBAS0 T AATIO SURFACE COMDITION
Abiminum CoBoy T100 B2 M 1780 0.0 Commarcal shawr
0.20 hamdly oodeed
Abarmirvum Bramnes g
IT6% Cu, ZF% Zn, 2% A1) LS 517 BE.O0
Alundum (Eluminem oxlde) . 186
BAshosion;
& fiber 0.2 150 ooy
® inzulstion .20 3 ooz .83 P
Aahen. wood 020 L] ot 11220
Aaphaly L 132 .43
| Bakakive 035 8 5,70
| Ball Fagal 0088 |12
| Bismuth tin 0.040 &
| Brick, building il iz .40 .53
| Brass:
| & ppd (A5 %% Cu, 15% Ini 0.09 fat =] BT 0030 Highly poftshad
! & el [85% Cu. 35% Znd .05 a1F BB 0,033 Higikiy poligtd
. 10 E] FRE]
Cadmium G085 5 53.m Q.02
Carbon | gas rerort a.ur 020 (2 o
Cardbosrd 0.34 : i X
Callulose 0.32 34 0.0
Cament |Portland clinker) 1 -] o] Loy
| Chalk .28 143 | 0.34 Bsoit 280 F
| Charcoal [woodl a.20 1% 003 392
| Chromea Brick a7 0 he?
| Ciay 0.2 i
| Coal a3 a0 0088 (32
| Coal Tars 0,38 ) - | [h.oF
Coke |patrolsum powderadi 0.3 e B2 0.5 FFEE|
Concrete |stone) .16 1393 idd i 4.0
Copper |electrolytic) 0.082 6 2700 LT Cemirarcial, shing
Cork |granulated| 0465 54 0.038 1231
Cotton (fiber] 0.3 ] 0.034
| Cryolite [AIF,« 3NaF) 0.253 181
| Diamond 0. 147 151 7700
Earth {dry and packad) ., 0.0a7 [(EXC4]
Felt Hid .00
| Firaciay brick .788 |212) 112 .68 [352] 0TS A1 8 F
| Frowrspar 1CakF,) .M 1249 .63
| Ganman Silver inicksd slFvar) 0.8 5 19,00 [ERE ) Folshad
Glass:
= growon |soda-limal Q.18 pL] 056 200 05 Smoath
= flint (el iy 257
= pFrEN 0.2 13 063 [200]
& “wygal 01e7? 35 0022
Gald anng a8 17200 i Highly pahsked
Graghlne
| » poysder 0. 185 1. 106
| & “Harbate [impervicual 0. 16 177 TE0 0TS
Gypaum 0.250 w .35 [ 563 O A armooth plals
Hamp [fibar) 8,323 L
ke
= [T2F) a.amr s 1.30 095
= |=4F] 0.a84 1.43
Froan:
LRTT 0.2 13 45D 280 (13 43 Frashly jurned
= wernught 455 .50 54 Dul, axidized
Land .S o 200 i ) Gray, ouidized
Leathor |solel Erd 0,082
Limestonn anr 108 1B 136 b AL 145 16 380 F
D50
| Linen .05
| Litharge lisad mongaidel Q055 450
| Magresia
| = powdored B2 212 497 .38 11771
* light carbonate 1l 0.034
Magnesite brick a.21x |1 168 2.2 |40
A agnasium 0.4 o8 HAMEY .55 Quedidng

Mo et &b e oeen TarrEei AR etk o e aotd i hisckeas
a4 Fronr 1972 ASHRAF Harclbesok of Fundamenials — FAeprinsed By Permission
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PROPERTIES OF SOLIDS

ERAISEI Y
SPECIFIC HEAT DENSITY | THEAMAL CONDUCTAOTY [

MATEMAL DESCHIPTICN BTUILES*F LBACUET | BT FToMi Se BT A Ty BURFACE COMDITION
Markls 0210 162 13 oAadt Light gray, palshed
Mickal 0,108 555 M) 0,045 Electrooisted, palshed
Pasnts:

* Whita lacguar 0,600

= White anasmal 0.8 On sough alame
& Black 0. 600

= Black &3 (ER B 0.5 "Mgtts” Tinsah
* Flat black lncguar 0.560

® Alyminum [scoues 2350 0 rgughy plars
Faper 0320 58 0075 0,920 Pasied an tnned plate
Paraffin .63 56 0,74 1321

Plastar 132 043 1167 08y Roigh
Platirsudm 0O 134]) 308,50 0.154 Pabsbed
Parcslain 0180 162 1.30 .90 Gtz
Pyrites (Coppar) (FRCh| 262

Pyrites {Iran| 0,736 [186 | o

Rock Salt f.218 136

Rubibar. :

= Vigleanirad (ot {0,480 5.8 .08 0.ERl) Hough

= Vyleanirod (hard) TAE 2.0892 Q.950 Glonsy
Sand Q. v e L1 ]

Sawduint 12 0.03

Hilicn 0,316 14] 0. EF 12001

Silver 0.0660 654 245 00 0020 Pakshed and af 33 7

M
& Frashly fallen 7 0.34
& By X2OF n 1.30
Steel [rmdld] 0.1 31 26.20 0120 Clagned
Stons (quanmiad| 0. 2060 a5
Tor:

& pitch .58 &7 0.51

& Litummnous 75 .41

Tin .0556 455 3760 A1.060 Bright and &t 122 F

Lunrt'tin ouoa2 1210 11600 .02 Filairresnt o B0 E
(=]

* Hardwoods: [Most woods _

vary batwesn| 0,450 [ 650 230 D0, 148

= Bah, white 43 (R

= Eilm, American 36 0.naas

= Hickary a0

= Mahogany 3 0O75

= Maple. siegar 45 & 108

= Dak. whits 357 47 (1 [ 0,500 Paned

= WWalnut, black 3
» Saltwontds 22748 (0,351 0,083

# Fir, whita 0850 2 0058

= Pine, whits i RSP Fr fillain}

= Spruce 26 D065

ool
& Fibar 035 B2
& Fabric 8.2/ 3708 0021/0.037
Zirea;
® Cast .0 45 5,00 0080 b bt
& Hai-ralled [{NREE] a45 f2.00
* Galvanizing 0230 Faity Drghl

Mo Yalues ane for room 1emparaines uniess othonssse noted in backees

PROPERTIES OF WATER'

Specitic Haat of Water

1 Bnediad °F
1 Cad! Gramy/ °C

-

Bpacific Hant of lcs

_ DEBnuiF
0.5 Cal /Gram.°C

Latant Haat of Voporizetion

5 B b @0 212°F B 1 AT
= Bal Colf Gram & 100°C = 1 ATAS

144 B/l
Latans Heat of Fusion " BICalGram
2.4 Poursd
One Cuble Foor = 5 -Eltjurl-ur:
= B33Pounds
Ona Gallon e

Mabe: Water & 30.2°F

1.1 =iN =] PROPERTIES OF AIR"

O Prownd af &l
One Cubic Foot af Air
Ona Cubic Foot
Par Minute (Ciml

§3.33 Cubi: Fast
B 075 Pounds

1.5 Maursds par Moar

MNole: Sarcland Drey A &0 89.8F and 1

Atmoaphurd Pregsurs:

45
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PROPERTIES OF LIQUIDS

MORMAL SPECIFRS HEAT, Cp WIBCOEITY BERCIENC JHVEITY, TIPALY
MAME OR "F“D'_'-r,"l'f’r'a ENTHALPY OF "‘T"D:"-P"' el Ll EOMOICTIVITY rhﬂ?ﬂ
DEGCESFTION WAPONIZATION I §

AT ::'I‘H BT LE BB ""E_':' LB/ iR P “:' :".II'E'?.: Lx ':-“‘" “_':' L TEME F
Acataldehyda BH 44 e 1,558 (] 5 4.4 —-192.3
Acetic Acid #4563 LELE DeZ2 | M-AEy 2356 aa B4.0 48 ER (R0 (2] 81.8
.l.ihl'“l;l 1332 389 k514 | 37-T3 0,800 5] 42,1 584 ] 0,102 BB |-136
= Allyl 204 6 2441 #ss | M-2E8| 3.798 ) 53,31 68 |00 | 77Es | -200.2
* Ayl L& 6.3 9,685 Ti4| 480 51.06 =] 0004 B |-1102
= Ethyi 173.3 1.5 0680 (32-38| 2665 7] 45 4 500 iE 002 Bg | -1Erd
* lapbutyl i 248 LIRRL 68 B 450 ] 4897 ] 0. 105 ga | -1ma
= Mathyl Ta8.5 473.0 0.am | =8 1,434 BB 427 40 A0 £R 0124 BE | -14d.0
L] il 5H3.Z 1,8 32 0643 B3| HH2a 4350 &0 0,205 E-Bb = 107.%
Andline 3638 186.6 D512 | 86180 10.B0E (=5 48.8 3,77 EA 0.0 | 33-68 20,64
BEanremnn 176.2 1894 0412 B8 1,580 ER 54.2 58 EH 0. 088 ] £2.0
Hroming 3ara a4 .16y BH: 2080 (=5 28,5 =y ] 18.0
Birima, Cally

(2% by Wl 0744 EH & B0 (= 38 EH 0,22 ] 2.0
Carlenn

Crisulifids LI 145.8 .340 BH: ), BE =3 24.8 B3 Ed 0. 105E 85 1650
Carbon Totra-

__l:_tllﬂrldl 1'!'"?-i_ 2.7 0 B 2,340 BB 2.6 285 Ed 0,052 64 B0
Chlaraform 142.3 160 GZM | B8 130 | &8 geom | @@ | oars @ |- 618
Enhyl Ethar a8 1531.0 0,541 . 0,580 L] 434 44 51 i) (081 & |=113
Ethyl Acetate 1ThE 183.8 4,458 e 1,680 a8 §1.2 523 &3 0181 ] = 116.3
E%ﬂhhr& B2 1858 0.3 32 ] EE, H3 01 38| -3158

B

Broamida 2808 |2 0174 i 0.0894 g 24 ;3 105 448 49.2
Ethylone

Chlaride 1823 1534 0.3 BH 00334 BB .o .1 54 = 3154
Ethylane

Giyood 3584 e 0 77.e8 g 22 ] 0100 ] 127
Formbg Ackd 7133 7158 1526 [ 0017145 g | 11888 TE 16 G4 1, 104 n 471
Ghycaring )

(glycmroll {0 memy 43,100 ER RT3 &4 9,113 =] 20
Hapeana rab - 138.0 0.538 BH- 0,590 = 4 a7 54 0,074 =] 134
Hianama 154 145.0 {1538 1] 07 ] 55,0 a1 =] 10,0730 B | -1330
Hydrogan

hlarhds - 1708 11,0 216 146 0. -174.8
Karosang 400 B 00 | & | &000 | 6 5.2 & | 0086 FH
Limsgad OHi 1o 1080 ] 5H.0 -] - 1180
Maothyl Acotatel 1346 177.0 D468 | &2 68 66 & | poss G| -14a8
Markyl lodida 1085 Bl6 1.210 BH 1420 L] = H1L.¥
Maphthalana 4114 1348.0 a2 rﬂﬁ-g. 2.180 L. 6545 BLS mi.p. 178.4
Mitrie Acid P28 mMan i 420 2200 | B8 1.8 45 i o.180 B |- a2s
Nitrobanzens 411.8 142.0 (348 B 5200 (171} a2 M2 ) 0860 [£'7] 4.3
Ooane 268 3 1317 0850 | e 1380 | 88 | mm | a39 & | oo & |- aay
Petrobaum B6-165 0408 &8 | 193500 1] A58 4H
n-Pentane B0 153.6 0558 | e 05E | B 50.1 31 & | poss s 5
ESodium Chic

ride Brine
& MF% by wit 2208 745 a8 3800 68 1.8 &8 0,337 =i 2.6
& 0% by wi Z1E.5 0.8 aa PR ] (=113 B8.2 =] 0,343 ER 2.8
Sulfuric Acid

and Water
& 1009 by wet. 5500 1.535 B8 £3.000 E8 1144 =5} 50.9%
& B0 by Wl oS00, 0,350 L] H.000 =i 113.4 &8 1] 65 5.0
Tofusna

ICHUCH,) 231.0 1850 il 4 BB 1.430 BB 3.8 54,1 (=} el i) 66 | -139.0
Turpenting 3.0 120 {1420 BB 1.3m BB B9 2 0ar3 E8
Watsr 212.0 g9m.3 . 65 T30 BB 143.6 2.3 - {388 i 1208
Eylena

CH,ICH,
= rtho 2.0 1450 1.411 B8 .810 B 85.1 a5.0 3 0,800 68 | — 130
= Matn 2830 147.0 il 400 [ 1.5 B 48,9 54,1 B 0,900 BE | - 1A
= Parm 281.0 1480 0.3 B8 1.8 B 833 3.6 - + B8

Koabes:

1. Apgraximase solidification iemperabun
2, Thermat conductrity unibs Sre B {heilsg FLULEF par 11

Fiom 1972 ASHRAL Hardbock of Fundamerials — Regrmitsd by Peembagan
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48 HEAT TRANSFER AND ELECTRICAL FORMULAS

HEAT TRANSFER FORMULAS

KEY TO SYMBOLS

HEAT
TRansmISSION (ot =u=ax At

Qrot =0, +0w+ 0+ QiRes

PRODUCT Qsens =Wx G uyx At
LOADS
'D.Lll ='W hi

Qvot — TotalHeatin Buihre
U — Hoot Transfer Confficient in Btu/he/
safi=F
ﬂ. = Surface &rea thru which Haart
5 Conadus esd

At — Temperaturs Ditference Betwsan Initial &
Fimal Product Temp,, Storage and Ousade
Tamp., ar Entering & Laaving

Air Temperatung
QAes  =wxhr Q, — Sensible Product Heat Remaval Above
Fraazing in Btud hr
itor  =afntrme AR Q; — Saensible Product Heat Removal Beiow
' Fraazing i Bt hr
Osens =1.08%«Clm= At Qsens — Sensible Heat in Biu/he
e :LSNE Qliat — Latent Heat in Bru/he
col QOisr  =088xCim= ASH ;
" ot P Qres — Raspiratsgn Heat in Btu/hr
N Es
Iba/br = % Ci — Specttic Heat Abawe Freezing in Brusib/*F
J‘m F,
. E: — Spacilic Haat Below Freezing in Bru/ib/F
HiL — Lawnt Heat Of Fusionin Bru/Ib
HEATING ot :
COILS Osens =1.08xClmx At Hr — Heat Of Respiration in Bru/hr/ &
CHm — Cubic Feet per Minute
HEAT RECLAIM A H 1 .
= Enthalpy Difference Betvwesn Entaring &
AND Qsens =1.08xCtm= At Lasving Wit Bulb in Btu/lb
CONDENSER sy _
COILS .ﬁ SH = Spacific Humidity Ditfterence (Graing ol
Water Aemceed par b of &ir).
WATER Gpm — Gallons per Minute
HEATING QTot =500 Gprmx {Tuw- Tew) Tew — Eritering Water Tamp. in °F
WATER Tiw — Leaving Water Temp, in °F
COOLING Qror =500 G« (Tew - Tuwl W — Product Waight in Pounds
ELECTRICAL FORMULAS CONVERSION FACTORS
45 — Convarts Cfm tolbs/hr
Full Load Current = ::Iar.lnﬂ | = EF B0 Miimutes
(Single Phase} g8 45 = 3% perib iSpec. Vol
Watts P 1.08— Combines4.5With Specific Heat
Full Load Current = | = ;
1,742 = Yoltage 1.732 = E 10 = : {Ib/ °F
[Thres Phasal g = 4.5 :-t_ﬂ' 24 Biu/lb

Valts = Amperage % Resistance E = | =< R
Waits = Amparasgs * Voltage P=I1xE

Py = P.JE?F'

Watts l@ Voliage E,) = Watts (@ Voltage E,] »
IWolts; Valts, |*

0.68— Combinesd.5 With Heat of
Vaporization B Grains pef b

_ 4.5 » 1054.3 Bru/lb
ol 7000 gr/ib

500 — Convarts Gpm Water talb/ b

60 Mimutes = B2 48 cull
T a8 gal/cu ft

Em-.

Mote: Meat Transher Farrmdas are vald 1o standard ak @ B3.05F & 14.7 Pag;

Cornvarman Faciom musi be wihiped Tor arfir conditnng

a7
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TABLE 49 FAHREMHEIT-CELSIUS TEMPERATURE CONVERSION CHART
TEMPERATURE TEMPERATURE TEMPERATURE TEMPERATLURE

CELS. CORF | FAHRA CELS CORF | FAMA. CELS CORF | FAMA CELS CORF FAHA,
—4.0 —id0 —A0.0 —E.7 +20 + GO +26.7 + B0 & BB +150.0 + 140 & 284.0
—3B A4 —Ja —332 —&.1 +21 +60A +372 +81 +177.8 + B8 + 141 « A5 B
—38.8 —3& —a6.4 —535 +22 +Tia +27.8 + 082 R 51,1 + 12 « 2078
—38.3 —ar —34 6 —5.0 +23 + 734 + 283 + 083 +181.4 +81.7 + 143 +208.4
—ar.a —3& —32.8 —4 4 +324 +75.2 + 280 + 04 + 1832 +B2.2 +144 + 2012
—3T.F —35 —31.0 1} +25 + T + 284 + 05 +=185.0 +B28 + 145 +283.0
= . T —34 =352 —33 +38 +Ta.8 4300 + B8 +1864 +B3.3 + 146 +294 8
=361 —=33 —gT.L —2.8 +327T +80f +30.8 +87 +=108.E +E3.89 + 147 +206.6
354 -3 25 B 242 + 28 + HZ.& +35.1 + B8 + UL 4 + Bt Al + 148 « 296 4
o L] =} | . | 1.7 29 « 842 +31.7 L] 18927 650 + 1% +300.2
—3d.4 —30 220 || 1.1 +30 v 550 422 + 8 +184.0 +E5.6 +150 +302.0
335 e L -2 —[LE * 31 + BT E 28 & 51 & 1988 B8 #1581 +304.8
—31.3 —28 —16.4 i +32 v B3.6 + 330 LS - + 18T 8 + 05T + 152 + 356
—3248 —27 —18.8 + 0.6 +33 +97.4 + 1.8 + 83 #1954 & BT.2 + 153 + 3074
—32.2 —26 —14 B +1.1 +34 + 332 + 344 + 04 + 3012 BT + 154 & 5052
—1.7 —a25 —13.0 +1.7 +35 + 350 +35.0 + 05 + 2030 +68.3 + 156 +311.0
-1 —24 —11.2 + 22 +38 + B3G5 + 356 + 86 + 2048 +68.5 + 156 #3128
—30.6 —23 —a.4 +2.8 +a7 +988 +38.1 +87 +206.6 +00.4 + 15T + 3148
=3.0 —22 —r.E +3.4 +38 + 1004 +3A67T +08 + 208, 4 +T0.0 + 158 +J16.4
=39.4 —21 —58 + 0.0 439 + 1033 +37.2 +99 +210.2 +T0E + 158 +318,2
20.G =20 4.0 il 8 +40 + 1040 378 4+ 100 + 3130 Y | + 160 + 3000
=283 18 —g. 8 + B +4a1 + 1054 + 38,3 101 +213.8 +T1.7 + 161 +321.8
-2 7.5 ] 0o P B 5 42 + 1076 4385 + 102 + 258 +TE2 + 162 L3158
—ara =17 =14 | +E1 +43 & 1054 + 8.4 « 103 w2174 + T8 + 163 A4
—28. 7 —18 ¥ 2 +B.7 +dd + 1112 4 A0 0 + 104 27192 o | o 164 v ]
—26.1 —15 =50 +7.2 +45 + 11340 +40.E + 108 + 23140 +74.8 + 168 +AM0
—25.8 —14 + 6.8 + 7.8 +46 + 114 6 41,7 + 108 + 222 A + 7. + 16E w3308
—25.0 —13 +@.6 +B3 +47 +11648 +41.7 +107 +24 8 + T5.0 + 16T + 3126
—Pk 4 — + 104 +8.9 + 48 +115.4 +423 +108 + 228 4 + 75.E + 168 334.4
—239 —11 +12.2 + 04 +49 + 122 +42.B + 108 + 2282 +7a.1 + 168 = 3362
—23.3 —10 +14.4 =430 +50 +122.0 +437 + 110 + 23,0 + TE.T +170 + 3380
—2248 —_ +15.8 + 1008 +51 +123.8 +43.5 111 +23148 +77.2 +171 +338.6
—32.2 =B +17TE £11.1 +52 +135.6 <444 112 +233.4 +77.B +172 +M1E
=21, ) #1584 4+11.7 453 + 1274 +45.0 +113 | #2354 +74.3 +173 | +343.4
21.1 =B +213 #1232 %54 +129.2 || =458 *114 | +737.2 + 7B 174 | +3452
—20.8 —5 + .0 128 + 58 +131.0 B 1 + 115 2300 +TH 4 + 175 & 3470
— 2.0 —d +24.0 # 133 Y11 & 1324 &5 7 & 116 42944 + HER +1TE + BB
—18.4 -3 + 266 +138 + &7 + 135 T2 # 117 w2424 w B06 17T * A80.6
— 8.8 —3 w204 144 + 58 & 1904 &7 A +118 TR 11 + 178 & 352 4
—18.3 —1 +30.2 + 1540 +58 +138.2 +4B.3 +118 + 2462 +BE1.7 +178 w a5 2
—17.8 0 +3210 +15.8 +60 + 1400 =489 + 130 + 248 0 + 822 + 180 + Z5E.0
—17.2 +1 + 336 +1E.1 +81 +141.8 || +48.4 121 +24B.8 +E2.8 + 181 +167.8
—1a8.7 +7 +35.6 +18,7 463 + 1438 =500 +122 +261.8 +83.3 + 182 + 3508
—16.1 +3 +37.4 +1732 463 + 1454 +50.6 +133 +253.4 +E38 + 183 +381.4
—15.6 +4 +383 +17.8 +64 +147.2 || #5171 +124 +255.2 +84.4 + 1@ + 383.3
L. M| 5 +a1.0 183 & 65 4 1450 +81.7 4125 2570 +B5.0 *1 +3E5.0
—Te.4 + B it H « 18,8 # 66 + 1508 2523 + 126 +254.4 +H5.E +1 + 6.8
=139 T wild 5 @ 1504 a7 + 1525 + 52 B 137 + PEOE B + 18T + 3686
13.3 +B w4 v 20.0 = G 412 d 4533 & 128 4 53 4 +HET E | + 3704
—128 +8 8.2 +20.8 +EE + 1662 + 538 + 128 + 264 2 T2 ES | s« dr2Re
—12.2 =10 + 5000 +21.1 +T0 «168.0 || «54.4 + 130 4 2580 + T B + 180 + 3740
—11.7 +11 +81 8 +21.7 +T + 1588 +55.0 +13 +287 8 +BE8.3 + 181 «ATER
—11.1 +12 +53.8 +22.2 +72 + 1616 || «+564& +132 + 269 6 + BE S +182 v ATT 6
—10.8 +13 +55.4 +228 +73 +183.4 +58.1 +133 +2T1.A4 + B4 + 1893 +178.4
—0.0 14 +5T.2 +23.3 474 +165.2 +58.7 4134 +273.2 +80.0 +184 + 3013
—48.4 +15 +58.0 +2349 +75 +167.0 +57.2 +135 +2750 + @05 +185 +363.0
—8.5 «16 +6a08 L0244 + 7B + 1638 =578 +136 +27T6.8 +811 + 196 +384_B
.3 17 +B2.6 + 280 *T7 + 1708 +58.8 #1137 + 2786 +81.7F +187 + 3666
—7.B 18 464 4 L2506 78 41724 4504 +138 + 26,4 +AZE + 198 +38B 4
-_T.3 & 19 w02 & 21 « TS #1742 +85.4 & 139 282 0 +E2 A + 188 +380.2

Mates: 1. The numnbers in bodd:ace typa in the camer column refier 10 the tTomparature, mithar In Celsius or Fafieshot, shich is 10 be comanisd
10 Ik piher aeAle. IF corvarling Fahranhes 1o Calsiya, e squbaler] lampeaiang will Ba foand in The B cglurmn, if Gamerting Cefaiug
1a Fehrenhelt, the eguivalert emperstune will be found in the calumn on tha right

2. 1 Dagrea Calsius = 1 Halvin
3. Formula: Terrd *F = 96 Temp, *C -+ X2 Tamp. “C = B2 (Temp. *F - 35

From 1972 ASHAAE Handhook of Fundamonfal—Reprintad by Permission
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APPENDIX—CHARTS

CHART 1 ESTIMATING UNIT COOLER CAPACITIES

GENERAL:

It is often necessary in the expansion or re-application
of 8 cold storage room 1o estimate the capacity of ex-
mting equipment. Additionally, it s sometmes necas-
sary to physically check evaporators to determing

whether they are actually working. Chart 1 may ba used
for this purpose.

STEPS TO FOLLOW:

(1) Measure entering air tempsarature {1, | and Ledving air
temperaturs {i,],

{2 Calculats At At = tiop = tiop
(31 Measure face wilocity and face area.
4] Cabculate Cfm: Cfm = Vel fpm % Mres f

15} Enter chart on the x-axs at the caloutarad Cfm and
mave wvartically 1o the At calculated sbove. Read In-
dicatad capacity on the y-axs,

I6) Apply the appropriate correction factor from the
chart below to the indicated capacity for entering air
tempafaiures other tham + 20°F.

.:F

e ENTAIRE | 30 | -20 [ -10 | 0 |20 | «30 | +a0 e
s am = FACTOR o4 | 100 | osm | ose FH
E i - EI_HI B -::..i?.:- s a fEaa s =t |::;
rfr ==fit=ariiad-e 2 T EC] [ZEEEETEEE ErTE .EL::-':l:
1 2 3 1 14 5 16 17 18
CFM @ 20°FENT. TEMP. (000)



APPENDIX—CHARTS

CHART 2

NORMAL TEMPERATURE PSYCHROMETRIC CHART (32 TO 130°F)
STANDARD ATMOSPHERIC PRESSURE OF 29.921 IN HG
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APPENDIX—CHARTS

LOW TEMPERATURE PSYCHROMETRIC CHART (

40 TO 50°F)
STANDARD ATMOSPHERIC PRESSURE OF 25.921 IN HG

a—“ -
- S
. Larl
|
W A B o .I.-':'
L]
%
LD
"Eu%e%
l'-l|=ll b,
ATMOSPHERIC PRESSURES g
AT OTHER ALTITUDES %
ALTITUDE PRESSURE "E;k
FT IN HG k.
~ 1000 31.02 ‘4&
—~ 500 30.47
0 26,92
50 bl
1000 2886
2000 77 82
3000 26 80
4000 25 84
5000 24,90
BOO0 73.98
7000 23.08 3
BOOD 2.2
8000 .38
10000 20.58
15000 16,09
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RHHEEEE &

Heat Gain Factors for Commaon Insulating &
Building Matersals

Hest Transmission Coalficiants for
Othér Insulating & Bullding Matérials

Sodar Radiation Allowanoo
Motor Equivalencies

Averaga Air Cha Above 32°F
Due to Infiltration & Door Openings

Avarage Air Changes Below 32°F
Dwue to Infiliration & Door Openings

Hueat Ramoved in Cooling Air
to Storage Conditions

Decipancy Hast
lee Cream Data
Time Cycle Factors

Proparties and Storage Data
for Perishable Products

Product Chilling Data

Beai Chilling — Minimum
Refrigoration Reguirements in Tons

Paork Chilling — Minimum
Refrigaration Requiraments in Tons

Blast Freezing Product Load Estimates

Physical Data of Perishahla
Product Containars

Storage Conditions for Cut
Flowers and MNursery Stock

Apple Storage Capacity
Requiramants

Recommended Coil TD by
Product Class

Commercial Estimating Guidalines
Banana Room Design Paramatars

U Yalua Ravisions

Food Storage Estimating Guidelines
Recommended Insulation Thickness
Milk Container Data

Cheess Make and Cure Data

oEsCRIPTION

Specific Heats of Milk and
Milk Darivatives

Diher Chease Cure Data
Cheesa Freaze Points

Chessa Storage Temperatures
Bewerage Container Data

Infiltration Loads When
Storing Beer Contaimers

Heat Loads of Keg & Bortbed Beer
Walk-In Beer Cooler Storage Loads
Domestic Dutdaor Design Data
Imernational Outdoor Design Data
51 Mietric Conwversion Faciors

Weight Equivalancy of
Comman Measures

Englesh-Metns Canversion Factors
English Conversion Factors
Metric Conversion Factors

Dutside Arga, Foom Yolume and Re-
frigaration Load for Walk-In Coolers

Average Product Loads for Walk:In
Coolers & Freezers

Specific Praduct Loads for Walk-In
Coolers & Freazers

Gless Display Door Loads for
Walk-In Coolers & Freezars

Properties of Solids

Properties of Watar

Propertios of Air

Propertses of Liquids

Heat Transfer & Electrical Formulas

Fahrenhsit-Celsdus Temperature
Comversion Chart
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Chart | — Estimating Unit Cooler Capacities
Chart Il — Normal Temp, Pesychrometric Chart
Chart Il — Low Temp. Peychrometric Chart
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