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Heat load in Refrigeration system

Survey

The person involved in heat transfer calculations needs accurately information to predict
the heat load on a refrigerated system. The more complete the information, the better the
calculation. Good calculations are the first step in assuring adequate selection in
refrigeration equipment for the project.

Design ambient temperatures

This would be the ambient surrounding the box necessary for the load calculations.
Another ambient to consider is the one surrounding the condensing unit, which will
affect equipment selection.

Storage Temperature and Humidity Requirements

Refrigeration equipment by its nature is a dehumidification process. To minimize the
drying effect of the refrigeration equipment, by selecting the appropriate temperature
difference (T.D.) between the saturated suction temperature of the evaporator and the
room air. The T.D. selected approximates the desired relative humidity.

Temperature Difference in Refrigeration Space

The preservation of food and other products in optimum condition by refrigeration
depends not only upon the temperature of the refrigerated space but also upon the
humidity of the space. When relative humidity in the refrigerated space is too high, the
growth of mold, fungus, and bacteria is encouraged. Mold and slime conditions may
occur particularly on meats that are in a refrigerated space with higher than 95% relative
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humidity and/or low airflow across the product. When relative humidity in the
refrigerated space is too low and/or there is an excessive of airflow across the
refrigerated product, excessive dehydration will occurs.

Table1

Class T.D. Approximately Description of product classes

RH%

Results in a minimum amount of moisture evapo-
1 7°to 9° 90% ration during storage. Includes vegetables, pro-
duce, flowers, unpack- aged ice and chill rooms.

2 10° to12° 80 — 85% Includes general storage and convenience store coolers, pack-
aged meats and vegetables, fruits and similar pro- ducts. Prod-
ucts require slightly lower relative humidity levels than those in

Class I.

Includes beer, wine, pharmaceuticals, potatoes and onions,

0. 0 o,

3 12°to16 65- 80% tough skin fruits such as melons and short-term pack- aged
products. These products require only moderate relative hu-
midities.

4 17°to22° 50- 65% Includes prep and cutting rooms, beer warehouses, candy or

film storage and loading docks. These applications need only

low, relative humidities or are unaffected by humidity.

The most important factor governing the humidity in the refrigerated space is the
temperature difference of the evaporator. The greater the temperature difference of the
evaporator the lower is the relative humidity in the refrigerated space. Likewise, the
smaller the temperature difference of the evaporator and the closer the temperature of
the leaving air of the evaporator is to the refrigerated space, the higher is the relative
humidity in the refrigerated space.



Evaporators Temperature Difference in Refrigeration

For humidity control

TABLE 2
Relative humidity % Natural Convec- | Forced Convec-
tion tion
99 -95 5° - 6°F 4° - 5°F
95 -91 7° - 8°F 5° - 6°F
90 - 86 8°-9°F 5°-7°F
85 - 81 9° - 10°F 8°-10°F
80-76 10° - 11°F 10° - 12°F
75-T71 11° - 12°F 12° - 14°F
70 - 66 12° - 14°F 14° - 16°F
65 - 61 14° - 16°F 16° - 18°F
60 — 56 16° - 18°F 18° - 20°F
55— 50 18° - 20°F 20° - 22°F

For temperature and relative humidity for refrigerated product spaces see ASHRAE
2002 Refrigeration Handbook (Chapter 10) Commodity Storage Requirements

Dimension, Insulation, Type of Construction, Exposure

This criterion lends itself to well-established, straightforward calculations, but the
information, while elementary, often omitted from the initial job survey. The transmission
load for 4" Styrofoam is double the transmission load for4" formed in place urethane.

Infiltration or Air Change Load

Heats, both sensible and latent, enter an enclosure through door openings whenever the
air surrounding the enclosure is warmer than the box temperature. Knowing the location,
size and number of the door openings and the temperature to, which they are exposed
will greatly aid in determining the heat load of the infiltrating air.



TOTAL HEAT LOAD

Regardless of its size or complexity, a refrigeration system has one basic function. That
function is to remove heat from a place or substance where it is not wanted, and
transport it to a location where it can be diffused into air or water. In order to select the
proper equipment for a given application, you must carefully estimate the amount of heat
to be moved.

The total heat load to be handled in any application is the sum of the heat from four
sources:

e The heat leakage load is heat that infiltrates the refrigerated area through
e walls, ceilings, roofs, and floors

e The product load is heat from warm food or other solids or liquids that are being
refrigerated.

Type- storage requirements

Weight

Entering temperature

Pull down time

. The miscellaneous heat load is heat introduced by lights, motors, and other heat-
producing devices located in the refrigerated area. Manufacturing processes and human
occupancy also may contribute to the miscellaneous heat load.

Lights

Motors including fan motors

fork lifts, conveyers

People

Glass doors

. The service load is heat that enters the refrigerated area when doors or other access
means are opened. The door may be opened to put in or take out a product, for example,
or for a variety of other reasons. This source is often called the "usage load.”



Operation

Holding cooler or freezer

Blast cooling or freezing

Preparation, processing or cutting rooms

Distribution warehouses

Reach-in or walk-in boxes

The relative importance of each of these heat sources varies considerably from one
application to another, as does the amount of each heat load. These factors also vary
with the application of different types of equipment. With some types of equipment, very
little heat may be derived from one of the four sources. If so, that source is of minor
importance in estimating the total heat load. Nevertheless, with other types of equipment,
the same source may be the major contributor to the total heat load.

As a service technician, you may have to estimate the heat load and select the
refrigeration equipment for a prospective job. Alternatively, you may need to make
similar calculations when troubleshooting a problem application. In any case, you must
consider each of the four sources of heat individually. Then you add the four values
together for an accurate estimate of the total heat load.

HEAT LEAKAGE LOAD

The heat leakage load is generally a major factor in refrigeration systems, regardless of
whether the application is residential, commercial, or industrial. Before you try to
estimate the heat leakage load, you need to know several things:

e How to calculate heat flow through an insulated wall
e The extent of the temperature change within the insulation
e The function of a vapor barrier

e The amount of insulation required to prevent "sweating" (condensation) in or on the
insulation.



You can use the following equation to calculate the heat leakage load:
Q=UxAXTD

where:

e Q = total heat transfer, in Btuh

e U = the rate of heat flow through the walls, floor, and ceiling of the refrigerated space,
in Btuh per square foot of area per degree of temperature change

e A = the total outside area of the refrigerated space, in square feet

e TA = the difference, in degrees Fahrenheit, between the temperature outside the
refrigerated space and the average temperature inside the refrigerated space.

Calculating area

For maximum accuracy in estimating the heat leakage load, measure each wall, the floor,
and the ceiling separately. Then add your findings together to get the total area. For
example, assume that a walk-in cooler is 8 ft high, 8 ft long and 6 ft wide. Then:

the area of the floor is 6 ft x 8 ft = 48 ft2

the area of the ceiling is also 6 ft x 8 ft = 48 ft?

the area of each end wall is likewise 6 ft x 8 ft =48 ft2, or 96 ft2 for both end walls

The area of each sidewall is 8 ft x 8 ft = 64 ft?, or 128 ft? for both sidewalls.
The total outside area of the walk-in refrigerator, therefore, is:

Floor 48 ft?

Ceiling 48 ft?

End walls 96 ft?

Sidewalls___ 128 ft?

Total area = 320 ft2



Calculating temperature difference

Outside daytime and nighttime temperatures can vary greatly, especially during the
summer months. In temperature difference calculations, it is customary to use an
average outside summer temperature for a specific geographical location. This figure is
generally a few degrees below the maximum. If you do not know the average outside
summer temperature for a given area, the nearest weather bureau can provide this
information. Obviously, this practice of using an average outside temperature is not
appropriate in all cases. The refrigerator may be located in a hot kitchen, for example, or
in a completely air conditioned space. In such applications, calculations must be based
on hourly conditions (the temperature in a hotel kitchen, for instance, will be much
higher during the hours when the restaurant is open than when it is closed).

Calculating heat flow

Next, you must calculate the rate of heat flow through the floor, ceiling, and walls of the
refrigerated space. You must consider several factors in performing this calculation,
including the type of insulation used, the thickness of the insulation, and its condition.
You also must determine the condition of the existing vapor seal.

For an existing cabinet or walk-in refrigerator, the thickness and type of insulation used
should be known. You must evaluate its condition for an accurate estimate of the heat
leakage load. Of particular importance is the vapor seal. If broken, it permits the
insulation to become damp or even wet. Such a condition can be a critical factor in low-
temperature applications, such as freezers or frozen storage compartments. Vapor
pressure, which tends to force moisture into insulation, is twice as high in a -10°F frozen
food storage room as it is in a 36°F fresh meat cooler (assuming a 90°F ambient
temperature in both cases).

Example.

Assume that the 8 ft x 6 ft x 8 ft walk-in cooler mentioned previously is located in a warm
climate area. It is situated in a corner of a store, so that two of its walls are exterior walls.
The two remaining walls are in a conditioned space. There is an upper level storage
space (not fully conditioned) above the ceiling. The floor rests on a 6-in. concrete slab
poured over gravel. In order to determine the total heat gain from the cooler's
surroundings, you must make calculations for four different conductance’s (indoor walls,
outdoor walls, ceiling, floor) and four corresponding temperature differences.



Except for the floor, the entire interior of the cooler is lined with stainless steel. The 3/4-
in. hardwood floor is laid over 2 in. of expanded extruded polystyrene (EPS), which rests
directly on the slab (ignoring the foil and polymer film vapor barrier).

The ceiling and all of the walls of the cooler consist of a 6-in. thickness of well-sealed,
expanded extruded polystyrene. A single door of similar construction is centered in the
longer interior wall. The two store-side walls are faced with 1/8-in. tempered hardboard.
During the cooling season, the surrounding conditioned space is kept at 75°F (*3°F). The
out- side walls of the building are constructed of medium-weight aggregate, S-in.
concrete block with molded EPS core inserts, sealed on both the inside and outside
faces.

The ceiling is covered with sealed batts of 7-in. glass fiber insulation. The temperature in
the partly conditioned space above the ceiling rarely exceeds 90°F.

In order to determine the U-value for each of the cooler's surfaces, you first must find the
conductivities and conductances of the materials involved. These values can be found in
Table 1 at the end of this chapter. You may find it helpful to list your findings in chart
form, as shown above. Note that the stainless steel liner is not listed. This is because
metal sheeting has no significant insulating value.

The U-value is the reciprocal of the total resistance. Resistance, in turn, is the reciprocal
of conductance. For the indoor walls, therefore, you can calculate the U-value as follows:
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Table 3

Material C-Value or C-Value per
K-Value Component
Indoor wall: K=1.00 C=1.00/1/8=8

1/8=in tempered hardboard

Outdoor walls C =0.37 C =0.37

8-in concrete block

Walls and ceiling: K=0.20 C=0.20/6=0.033
6-in extruded expanded

polystyrene

Ceiling: 7-in glass fiber C =0.045 C =0.045
batts
Floor: 2-in extruded ex- K=0.20 C=0.20/2=0.10
panded polystyrene
Floor: %-in hardwood C =147 C =147
Floor: 6-in sand and gravel K=13.0 C=13.0/6=217

Concrete slab (D= 130 Ib/ft?)

R=1/8 +1/0.033 = 0.125+30 = 30.125

U =1/30.125 = 0.0332

The two indoor walls measure 8 ft x 8 ft, (64 ft2) and 8 ft x 6 ft (48 ft2), for a total area of
112 ft2. Since the temperature on the warm side is never higher than 78°F, and the set
point for storing product is 36°F, the maximum temperature difference (TD) across these
walls is 42°F. This gives you the information you need to calculate the rate of heat gain
through these walls:
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Q = U x area x temperature difference = 0.0332 x 112 x 42 = 156.2 Btuh
Now you can make a series of similar calculations for the outdoor walls:
R=1/0.37 +1/0.033 =2.7 + 30 = 32.7

U=1/32.7 =0.0306

Like the indoor walls, the two outdoor walls have a combined area of 112 ft2. Let us
assume that outside temperatures regularly reach and often exceed 100°F. For load
calculations, 100°F is selected as the design temperature. Subtracting the product set
point of 36°F from 100°F gives you a temperature difference of 64°F across the outdoor
walls. The rate of heat gain through the outdoor walls, therefore, is:

Q=UxXAXTD
=0.0306 x 112 x 64 = 219.3 Btuh

Now try making your own calculations for the ceiling and floor. Using the procedure
explained above, you should arrive at a U-value of 0.019 for the ceiling and 0.09 for the
floor. You know the area of the ceiling (48 ft2), so assuming a warm-side temperature of
90°F, you can calculate a TO of 54°F and a resulting heat gain (0) through the ceiling of
49.2 Btuh.

What about the floor? Its area is the same as that of the ceiling, of course, which leaves
the TD as the remaining unknown. Since the desired temperature for the product is 36°F,
all you need now is the temperature of the soil or rock below the cooler. A direct
measurement with a thermometer can provide a usable temperature if the thermometer
bulb is in con- tact with earth 12 to 18 in. below the surface, and if the measurement is
taken after a few seasonally warm days. If this is not convenient, consult a local
agricultural extension service for soil temperatures. Let us assume that even on hot days
in the cooling season, the ground temperatures remain at about 70°F. Your calculations
should give you a TO of 34°F and a Q-value of 146.88 Btuh.

In order to determine the total heat load due to conduction from the environment, simply
add the heat leakage loads from all of the surfaces:

Indoor walls 156.2 Btuh + Outdoor walls 219.3 Btuh + Ceiling 49.2 Btuh +
Floor 146.9 Btuh = 571.6 Btuh

To find the daily load, multiply 571.6 Btuh times 24 hr to get 13,718.4 Btu per day.
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THERMAL CONDUCTIVITY

The letter "K" represents thermal conductivity, which is the rate of heat transfer through
a material as measured in Btuh per square foot of area per degree Fahrenheit of
temperature difference per inch of thickness. The total heat transferred by conduction,
therefore, varies directly with time, area, and temperature difference, and inversely with
the thickness of the material through which it passes.

Different materials offer varying resistances to heat. Assume, for example, that you want
to calculate the heat transfer through a material with a thermal conductivity (K-value) of
0.25. The material in question has an area of 2ft> and is 3 in. thick. If the average
temperature difference across the material is 70°F, you will be able to calculate the total
quantity of heat transferred (Q) over a 24-hr period with this simple equation:

Q =0.25 (K) x 2 (ft?) X 24 (hr) x 70°F (AT) / 3 (in. of thickness)
Q =840/3 =280 Btu

It should be apparent from the example that in order to reduce heat transfer, the thermal
conductivity must be as low as possible and the material as thick as possible. Note: In
some technical literature, K-values are based on thickness per foot instead of per inch.
Unless otherwise specified, all references to K-values in this chapter are based on heat
transfer per inch of thickness.

CONDUCTANCE

The letter "C" represents thermal conductance, which, like conductivity, is a measure of
the rate of heat transfer through a material or heat barrier. Conductance is used
frequently with specific building materials, air spaces, etc., and differs from conductivity
in one significant way. Thermal conductance is a specific factor for a given thickness of
material or structural member. Thermal conductivity is a heat transfer factor per inch of
thickness.

SURFACE FILM CONDUCTANCE

Heat transfer through any material is affected by the resistance to heat flow offered by its
surface. The degree of resistance depends on the type of surface, its relative roughness
or smoothness, its vertical or horizontal position, its reflective properties, and the rate of
airflow over it. It is similar to conductance in that its value is expressed in Btuh per
square foot of area per degree Fahrenheit of temperature difference
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THERMAL RESISTANCE

The letter "R" represents thermal resistance. By definition, the resistance of a material to
the flow of heat is the reciprocal of its heat transfer coefficient. In other words, the R-
value is the reciprocal of either the K-value or the C-value. For example, if a material has
a conductance (C-value) of 0.25, then resistance is R=1/C =1/0.25=4

You can see, then, that for this material it would take a 4°F temperature difference across
a 1ft? area, or a 1°F temperature difference across a 4ft? area, to result in a heat flow of 1
Btuh. Thermal resistance is important primarily because individual resistance values can
be added numerically:

R total =R1 + R2 + R3

This makes the use of R-values very convenient in calculating overall heat transfer
coefficients.

OVERALL COEFFICIENT OF HEAT TRANSFER

The letter "U" represents the overall coefficient of heat transfer, which is the overall rate
of heat transfer through a material. U-values usually applied to compound structures,
such as walls, ceilings, and roofs, and must include. The additional insulating effect of
the air film that exists on either side of the surface.

The U-value of a wall is the reciprocal of its total resistance. Resistance, in turn, is the
reciprocal of conductivity. Nevertheless, calculating the U-value is complicated by the
fact that the total resistance to the flow of heat through a wall made of several layers is
the sum of the resistances of the individual layers. In order to calculate the overall heat
transfer coefficient, you first must find the overall resistance to heat flow. The various
heat transfer factors must be taken into consideration when you calculate the total
resistance:
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CALCULATING HEAT LOADS

For load calculation purposes, the heat transferred through a wall can be determined by
using the basic heat transfer equation:

Q=UxAXxTD

where:

Q = the total heat transfer (Btuh)

U = the overall heat transfer coefficient

A = the area (ft2)

e TD = the temperature differential (sometimes also signified by the symbol 11 T)
between the outside design temperature and the design temperature of the refrigerated
space (°F).

Consider the wall in the previous example (with a U-value of 0.114). The heat
transmission per hour through a 90-ft2 area with an inside temperature of 0°F and an
outside temperature of 80°F is calculated as follows:

Q=UxAXxTD
= 0.114 x 90 x 80 = 821 Btuh

You can determine the amount of heat gained by transmission into a refrigerated space
in a similar manner. Calculate the U-value for each part of the structure around the
refrigerated space, and then proceed with the equation shown above.

Extensive tests have been conducted to determine accurate values for heat transfer
through all common building and structural materials. Certain materials have a high
resistance to heat flow (a low thermal conductivity). They are used as insulation to
reduce the level of heat transfer into a refrigerated space. Many good insulation materials
have K-values of 0.25 or less, and some foam insulations have thermal conductivities of
0.12 to 0.15.

15



Table 4A

Resistance () Snecific
D ity Conductivity | Conductance | perinch | overall haat,
Description [0 (K} (] (1K) (1/E) Btuflb"F
BLILDING BOARD
fishpne-cement board 120 40 _ (117 - 024
fshesios -camenl board. . . . D125 in. 120 — 33 - 003 —_
Aspagloe-cament boand. .. .. 025 120 —_ 16.80 —_ 006 —_
Crypsum or plaster board, . 0375 in &0 — 310 — 032 026
Giypsum or plastar boand, .. ., 0.5 in, i e 232 — A5 -
Ciypeum ar plaglar board . 0625 in. 50 — 178 — 056 —
Phywood (Ciowglas fir) M4 0.6 — 125 — .29
Plywood [Douglasfin ... 125 in, 3 — 320 — o3 -
Phywood [Dauglas fir] ... .. 0.375 in, a4 = 213 2 04T e
Phywood [Dowglas fir) .......05i06 34 —_ 180 - 0EZ -
Phywood ([Douwglas fi) ... . 0.625 in. 34 - 129 - o7 -
Phywood or wood panels . 075 in. 4 — 147 — ek .29
Wapatable libar board
Ehealling,
regular damaity. .. ... . 0500 8 = 0,74 — 132 0.3
P 1 - 1 A 13 . 0.49 L 2.08 HH
Sheathing,
intermediate density ... 08 in, b — 082 — 1.08 0.3
Mall-base sheathng. .. ... Q5. 25 — 0.84 — 1.06 0.3
Shingle backer. . ....... 0378 ", 12 —_ 1.06 — 0,94 0,31
Shingle tacker. . ...... 0351250 18 —_ 1.28 _— 0.78
Sound deadening board ... 0B . 15 — 0.74 — 1.85 0.30
Tile and lay-in panels,
plen ar Ropustic 18 040 -— 250 - 014
P T 18 — 080 _ 1.25 -_—
A R P CRE S 1y} ] 18 _— 053 = 1.89 _
Laminated papetboand 30 052 - 200 - 0.32
Hamogenials beard
frarn repulped paper a0 052 - 200 - .28
Herclaard
MadiLirn Hans iy 50 oy -— 1.3 e 0.
High diansity, sarice-lampared
grade end service grade 55 08z = 1.2 — a2
High dansity, alandard-tamparad
grade &4 1.00 = 1.00 i 032
Particle board
Lot dansiy ar T —_ 1.41 e [iki7]
Wiadilim dens ity 50 a4 = 1.06 - o
High daresity 2 0.5 1.18 — 085 it
unoarayment ... .. ... Q62 N, ag — 122 - 0.82 029
Watarboard a7 083 — 1.58 —_ —_
Wood subfloor . ., .........075in. — — 1.06 — .54 053
BUILDING MEMBRANE
apor—permesbie fall — — 16.70 - 0,08 —
Vapar—aanl, beo lajer of moapad
150 talt - - 535 - [ 012 —
Vapar—enal, piastic im = - = = | Mogigihe -
FINIZH FLOORING MATERLALS
Carpat and fibrows pad — — 048 —_ 2.0B 0.34
Carpat and rubbar pad - s D81 - 1.23 0.33
Cokila..........oo0a  U1ES M - — 380 — 0.28 0.48
TOrMBETD o vi waiowneiwwiwnns | Wk - = 1250 — e 0.9
Tila—asahalt, linakaum, Wy, rubbar - — 20,00 — 008 @30
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Table 4B

Resiatance (/)
Specific
Density, Conductivity | Conductance | per imakh everall heat,
Description Ibie® (K} (=] (17K} (1G) Bk F
Tia—vyinyl asbestos — - —_ — o @24
Tie—caramic -— -— - .- — [T} ]
Wood, hardwood finish . ... 0.73in. - —_ 147 —_ 0.8
INSULATIHG MATERIALS
Blamar amdg bat!
nEneral fher, fisrous farm processad
Iroem rock, shag. or glass
Bpproe 3 o4 in, 0L 1o 20 = 3.081 - 11 —_
approe 3.5 @0, 041020 —_ Q077 — 1% —
approx 3.5 @, 1210 1.6 — 0.0E7 - 15 —
approx 5.5 10 6.5 . 04 b 20 r 3,053 s 15 A
approx 5.5 . Ot 1.0 - 3.048 — 21 i
approx 6 o 7.5 in. oA o 20 — 045 —_ 2 -
Bpprox &.25 W 10 In 04 o 20 e 0.033 = an —
approx 1040 13 0n, 04020 —_ 2.026 - ae )
Board and siabs
Callular glass a0 033 — 3.03 Tx 018
Gilass libar, crpanic bonded 4.0 e Bl ol — 400 — 023
Expanded perita, arganic bondad 1.0 ] — 2.78 - 0,30
Expanded rubbies [rigid) 4.5 o2 — 4.E5 - 0.4y
Expanded polystyrana, exiruded
|smooth skin surfaca)
[CFIC=12 anq] 181 325 k=] — 5.00 T 0.2%
Expanded polystyrana, axtnsded
[smooth $5on sudace)
[HCFC-1420 exp) 14w a5 20 e 5.0 = 0.29
Expanded polystyrens, mokded beads 1.0 D26 - 3.85 — —
125 Q2s — 4 00 — —
1.5 024 — 4147 — -— l
1745 a4 — 4147 = -
2.0 023 — 435 — —
Caliular palyurelhanaiolyisocyanurate
JCEC-11 exp) (unfacad) 1.5 0.6 by 0,18 — 6.25 1o 5.56 — ol
Calular polyvisocyarurabe (GRG-11 exp)
{gas-parmasabie facarsh 15825 046 b 018 —_ 6,25 1o 556 = 0.2
Calular palvisooyarurabe (CRC-11 exp)
|gas—impermeabla facers) 20 o 1d — 7.04 — 0.2
Celular phenolc (doased call} 1
[CFC-11, CRC-113 axp) a0 1 [0 ] — B.20 = —
Calular phenalic (apen cel) 18,23 | [o%-k1 e 4,40 = i
Minaral #iber with resin binder 15.0 i 0.29 — 345 —_ 0.7
Minaral fibgrboard, wit falied [
Core ar roaf insulation 168217 | i34 — 2.04 — —
Accushical tile 8.0 i 0,95 — 2.68 —_ 0.1a
Acousiica lile 21.0 i Q.arF _ 2.70 = o
Mineral libadoand, wel molded i
Aoouslica like 23.0 | hayF e .58 g 0.14
Waed or cana Soerboand |
Acousticsl tie. ivens 0B —_ — 0.8 — 1.25 0.3
Aocoustical tile. . ... ... 0750 —_— = 053 e 1.88 =
Irtisicer finish (plank. tile) 15.0 0.35 — 2.BR — 0.
Cemant fiber slabs (shnedded waod
wilh Parfland cement Binder) 25 o 27 @50 ta 0,53 - 2.0 % 1.89 - i
Cemant fikar slabs (shredded wood
with magnasia meysutice tinoar 22.0 057 — 1.75 - 0.:
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Table 4C

, | Pesistance (R) | o ocinic
Density. Conductivity | Conductance = perinch | owverall heat,
Deacription It (K) (C) (1K) (1) Btwib™F
Logsa
Celulasic insulation (milled paper ar
woid pulp) 23132 0.27 o 0.32 —_ 37010313 —_ 0.33
Parkibe, aopanded 2010 4.1 027 o 0.31 _ 37033 —_ 0.26
4.1 10 74 0.31 to 0.96 - 43w 28
Tawmi1in 0,36 b (.42 —_ 2Bo24
Mineral fibar (rock, siag, or glass)
approx 3.75 0 5 in. 0820 — — — 11.0 017
approx 6.5 to 8,75 in, O o 2.0 _— — — 18.0 —
approx 7.5 1o 100n. 06 20 —_ — —_ 220 —
apprax 1025 o 1375 in. 0B o 2.0 —_ —_ —_ 3.0 -
Mineral fibar (rock, shag. oF glass)
appna 3.5 in
(clogad skdewal application) | 235 - - - 1204 14,0 -
Warmiculite, exfodated | TOmAzZ 047 -_— 213 -_— 0.3z
4.0 1o 5.0 0.4 — 227 - -
Spraty appiad
Polyunalans foam 15025 GG 10013 — 6.25 10 5.56 —_ —
Uraafarmsaldahyde toam LEAr i 02210023 —_ 4.55 0 3.57 —_ —
Gl whoesie: fibar A5mE0 02810034 - 345 0 2,94 -
Clgss fibar A5md5 0.28 o D27 — 385 003.70 — —
Ratlecta insuiaiion
Reflactive matanal (£<0.5) in center
al Fan, cavity forms two 3e-in.
vartical air spaces - - 0.m -_ | a2 -_
ROOFING
Asbastos oement sning ks 120 — 4.78 —_ 021 024
Asphik roll reafing T — 6.50 o 015 036
Asphal shingles 70 — 227 — 0,44 030
Built-up rocling. . O3S I i — 3.00 — 0,33 038
Slata,.........ooe . DS - - 20.00 - 0.08 0230
Winod shingles, plain and plastic film
{acad -— 1.08 —_ 0.94 o
. PLASTERING MATERIALS
Camant plaster, sand agpregsie 1B 510 = 020 == 020
Sand angregate. .. 0575 In. - - 133 - 0.08 020
Sand aggregate. ... ... 075 In. — — 6.685 — 0,15 L.En
Gypeum plaster
Lightwaight sggregete, ., .. 0.5 in 45 — ER - .32
Lightwsight agpregate . ., 0LE2S in. 45 —_ 287 — .35 —_
Lightessight aggregahe
onmetal lathi ..., ..., 076 in —_ — 213 — Q.47 —_
Parite apgregals 45 15 — 067 — 032
| Band aggregate 105 56 = .18 = 0.0
| Band aggregate. ... .. ... 05 in 105 — 11.10 — 008 —
| Sendagregate. . . .. 0625 0. 106 _ @10 - on
Send agpregate
on metal lgth .. UTS NG - 10 - Q13 —
| Warmicylta aggragata 48 1.7 —_— 0.59 — —
| MASONRY MATERIALS
Masonry unils
Biick, lined clay 150 4102 Lo 12 o 0,03
140 7.4 bo 5.0 - @14 o 0.1 -
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Table 4D

Resistance (A)
Specific
Density, | Conductivity | Conductance | perinch | overall heat,
Description ottt (K] (5] 1] oic) Biuib"F
Brick, fired clay (pontinued) 130 GAta7A@ — 016 80 0.12 — —
120 G.GtoB.d — 0.18 80 016 - .19
110 4B 5.8 —_ 0.20 50017 —_ -
100 4256 = 0.24 s 020 = -—
80 364 -— 0.28 %0 0.24 — —_
an A0taT? - 0.53 %0 027 -
70 2531 —_ 0.0 to B33 —_ —_
Glay 1ila, nollow
Teallgesp ...............301N —_ _ 1.25 _ 0,80 .21
1calldesp ... ............4010, — e 1] . 111 =
2onlsdeep .. ............ 80, — —_ (114 —_ 1.62 —
2ol denp ... ain. —_ — OB —_ 1.85 —_
2oalledasp ............. 10~ —_ — [HEEY —_ 2.2 —
Jealsdesp ... ........ . 12¢ — - D — 2.50 —
Gonereda blocks
Limastane aggragata
*Bin., 36 b 138 WA concrata,

2 cores — — — — — —
= Same with perlite liked cores = b [HE Y] R 241 e
= 12 in,, 55 Io, 138 IH? concrata,

2 cores - - - = — -
*+ Sama with perile filed cores - - 027 — ar —_
Harmal weight aggragate
{=and and gravel)

* B in.. 33 to 36 Ib, 126 to 136 A

congrata, & or 3 pones - 090 ta 1.03 — 1.1 40 047 iE]
» Sanmwa with perlite filed cones - —_ Q& —_ a0 -
= Barme with varmiculfa Hled cores —_ —_ 0.52 b 0.73 —_ 1.82140 137 —_
=12 i, 50 12,125 B2 concraba,

2 cores - - a1 — 123 0.2z
Madium weight aggeegale
[comiirations of narmal weight and
ghbaraight aggregate)
= Bin., 28 b0 29 Ib, 57 to 112 IR

corerels, 2 or 3 coney _ — 0.5 w478 —_ [en IV - _
* Sama with periits fillad cones - — 027 o 0.44 — 37ma3 —
= Bama with vwarmicuia fled coras —_ — nk]u] — 33 —
» Same with molded EPS (baads)

filled cores =y = naz = a2 =
= Same with molded EPS insarts

i coees = = 037 = 2r -
Lighkweght aggregaie (expanded
shale, clay, siate o slag, pusmice]

#Gin, 18 8 17 Ib, BS to 87 B2

concreta, 2 ar 3 cones — — 0.52 to D61 — 1.83 0 1.85 —
* Samg with periite fillad coras — - 0.4 — 4.3 —
* Sama with varmiculita filed cores - — 0.33 — a0 —
*Bin, 1900 22 Ib. 72 bo 56 B

concrebs —_ — 10,32 fo D54 —_ 3.2t01.80 0.21
= Zame with pedlite filled cores — = 05 1 023 == Gamdd =
+ Bame with varmecuite filed cores - - Q.49 10 028 — 54w —
* Bame with mokded EPS (baads)

fillad conas - -— 0.1 - 4.8 =
= Sama with UF kam filled comas - -— 0.22 - 4.5 -
= Zame with mokded EPS insarts

in coses — - 0.z8 — a.5 —
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Table 4E

Reslstance (A7)

Epeciiic
Density, Conductivity | Conductance | perinch | owverall heat,
Deseription I (K) (=] (1K) nicy EibF
Lightweight aggregate (expanded
shale, cliry, slase ar slag, purrical
{portinuedy
=12 in,, 32 % 36 Ik, 80 to 90 AR
concreda, 3 of 3 cores - — 0.38 1o 044 — EGi0E3 —_
» Same with pedite filed cones = —_ 0.1 w16 —_ 921063 —-
= Same with varmiculite lillad cones -— — o1y — LY _—
Saone, e, or sand 160 TE - am = Ers
Quarzitic and sandstana 160 43 - e — =
144 24 — Qg = —
120 13 - ooa - o018
Calcitic, dakamitia, lirasiong,
marbie, and granie 160 3 — nea — =
160 22 -_ 005 - ==
140 L] - 008 - —
1720 T _ 0.3 —_— nia
100 B — 013 —_ S
Gypsum partiion lik
3 by 12 by 50 in., solid —_ - a7 - 1.26 0.1g
by 12 by 30 in., 4 cella - - 0.74 — 136 —
Ay 12 by 30, 3 calla - - 0.80 = 187 ==
Concrafas
Sand and gravel o Sione agregate
coneretes {concretes with mora than
50% quartz of quartzite sand have
conductivities In tha highar and of
1he range) 150 100 to 200 —_ Q10 o 0.05 - —
140 9.0 2 162 — Q1T 1 0,06 — 19 o 024
130 T.OM130 - .14 m 0.08 —_ —
Limaatana concrales 140 i1 — 0.08 — e
120 78 — [ Ry —_
100 55 —_ [ F i - —_
Gypsum-iber concrete (B7.5% gynsum, |
12.5% wood chips) 51 1.68 — .50 — o.21
Camuentlime, mortar, and suceo 120 a7 - o140 - i
100 6.7 — (IR L - -
BO 45 - faz — —_
Lightweight agoregala concreies
Expandad shale, clay. or slabe;
axpanded slgs: cnders: pumicg (with
darsty up 1o 100 WY and soaria
(sandid contreles have conduciiiles
In & higher and of tha range) 120 G4man -— Qa0 —
100 4.7 1062 —_ 021 wiie — 020
L] 331047 —_ 0.30 o D24 —_ 0.2
B3 212k s 0.4 o 020 C e
L] 13 e 078 —_ —_
Parita, varmiculita, and palystyrens
beacs =] 1618 — 0.55 to 0.53 — _—
43 1415 — 0.71 bo OGTF e 08 1 D23
3 1.1 - o - —_—
20 048 - 185 - —_
Foam concratas 120 B4 — o8 — —
00 4.1 _ 024 = —
oo 340 o 0.5 —
) 25 — 0.40 = —
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Table 4F

T [ z =
. Resistance (R} = ific
Density, Conductivity | Conductance | perinch | owverall hieat,
Description (K} {c) (1K) ey Btuibi=F
Foam concretes and callular concretes 60 21 —_ 048 — —_
20 1.4 = 0.71 s .
20 o8 — 1.2% — —_
SIMNG MATERIALS (on llat surface)
Shingles
Ashesios-cemant 120 . 4,75 = o =
Wond, 16 in.. 7.5-in axposure o —_— 1.15 —_ 0ar .31
Wand, doutha, 16-in.. 12-in. exposune — -— 084 —_— 1.19 0.28
Wood plus nsuEied backer board,

0312 in - 0.7 -— 1.40 .31
Asbeswos-cemant, OLES in., Eppsd — e 476 — o1 .24
Azphalt rod siding —_ - .80 == s 035
Ausphall irsulading siding {0.5-in. bed) — LES — 146 0.35
Herdboard siding, 3.4375 in. - - 1.49 - [ 1:rg 0.28
wood, drop, 1 by B in — — 127 - Lo - 0.248
Wond, bewel, 0.5 by & in.. lapped - - 1.23 — a1 0.2
Waod, bewal, 0,76 by 10 ., lappad — 0.595 — 108 0.x4
Wand, plywood, DLS7S in., lapped —_ — 169 — oSs 0.9
Aduminum, sheel, ar vingd aver sheathing
= Holow-backed — — 1.64 - a1 0.23
= Insulating-ooard backed,

nominal 0.375 in — — 0.55 — 1.82 .32
= Insulating-board backed,

neminal 0.375 in., foil badked - .34 2596
Mrchilectural {Soda-lime Noat) gloss 168 3] - - — .21
WOODS (127 molsiure comntant)

Hargwoody O30
Ok 413 in 468 112 to 1.28 —_ 085 s B0 s =
Buch 4206 1o 45.4 1.16 ta 1.22 — 0.87 to 082 — —
Mapie 308 o 44.0 108 bo 1.19 — 0.82 ig 084 — -
AEn 384 10 41.9 1.06 to 1.14 e 0.84 1o 0.HE — e
Soffwoads | 033
Southamn pina 1356 0 41.2 1000102 - 1.00 to .89 — -—
Dougkas fr-larch A35 0 353 0L88 2 1.1 —_ 1.05 o .99 — —
Southam cypress 314 o m3A CLE0 bo D23 — 1.11 10 109 — -—
Hesriosk-fr, apruce-pine-fr 24.5 o 31.4 O.74 ta 0.90 — 1.35 80 111 — —
Wast Coast woods, cadars 2.7 to 314 OLEE to 0.90 — 1.48 to 1.11 —
Cadormis rafwood iz-t_!»m 3.0 0.74 to 082 — 1.3510 1.22 — —

Table 4G

Table 18

Rapid load salsction for back bars

fBayed or 27 gleas Mber ar sowirades! imsrletion sad S2°F T.O0)

Back Bar BTU Houwr Lond Besed on
Langlh In feal 1E Hemi Comprasies D@anitisn
G Feat 080
B Feal 5.218
18 Fost nTra
12 Fest 213
15 Foet 26
8 Foet BGdd
Table 18
i rog for g ioe cream
Owarsun, Hissd ey Load, BTU
Peroent weer Gl Ice Crmpes
a0 sag
™o 300
Bo 470
a0 Aar
100 435
190 408
120 a8E
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Table 4H

Table & Table 13
Head londs of keg and battied baer BTU/24 HR Genaral standards for Insulation thickmess in slorage rooms
Type and Sla wiure Aeduitias of Brer Qely. °F. Florege Cealraklu insulatian
of Cantainar CIEIENED [DETE Tempraten Tréskness In inches
Woad *F. e Bxyrolcam Wreihane
[ ke - — |00y ) | 0 Ak | kel | 1800 BB jo e AR g -3 § 8
HaF & = | = | seoo) easo | awee | 2aes |15ss | 78 . &
B |mmeE e | wae | mew | :
3 | 3 s
St o Bt Ll LK .. 25+ 1o we ca by @ 1 P
Fialt ag s saon | seas L ascol meal iace | wso 40" andup o5 and up 2 ]
e bopy esen | 1aze | o) see | mao| 2
Eight =
- : ™ vaza | aus | reo] wan| aso| i Tubds 14
Vil kay — | = |imon | e | mace | nsn | n200 | eco Heal gain due lo operation of battery cperated Hif Iruchs
Dhurlsr beg — | — |®E0a) ise3)ias0) S8E | BEO | 3od | Batlery eat Gadn Appramlmete
Dotties ar PpETE N, par haur &l Tatal
L] e |or | e | oo fionf e | s | izad eapachy, ruck of 11 truci,
T o || 2 o] oea|er | L BTillhr.® .
[] AR | M| B | &0 Jidb) s | T4 | AR 2500 1000 5,000
L] ar | = | 30 | =3 fsefons)| e | ns s
[H] 60 5o | | w | Eefa | e | B ;ﬂ :;m 1;ﬂ
Do i a0 A.000 26,000 14
or botisa’cam TR | 10 | 1kl | e | Ratn | dEn | X | 1ea L]
“Haol gain iree ik inucks with infemal co st sroings GEn De Appne-
T 10 Imtesd g bl i breg) e @ gin e BeOrde p o By 2 245 by 1he numbaral houmod
¢"H' oparation (BTL7E P )
arcass welghts
Exerage Entariey | Fisal Table 16
N i Barvas Speciiic heats of various
Cerraaa Lha Hial Tawig.“F. | Tamp"P.
liguids an ds
Callis S50 ] G E
Catven 50 18 a0 k-3 Heat
Shisip 4 L] m =
Han P i 108 = Hama BTLAEF. Tamp."F.
Lyt
Apet Agid 0.5 79-303
Tabbe 11 Algaho-ETmi .68} 32-308
Heat aquivalent of slectric molors Aleatral-Muhy o610 55-38
-~ Caleism Chlarids
BTU Par (1) (HA} Brinn |20% by Wi .74 B8
Wokor Connecied ki
Eanmaatar T Losd Tairachloncs 3 HE
Mot g In Gutsid Outslde Chinralonm 0.2 T
Gasoing 0,500 -z
. v
HF Figll Space Felr Spacs Reetr Space’ Giytaring 0.575 50420
a1 Axn 2545 1.708 v n.ar a4
WEwd aran FE L] 1050 Teluana 0,804 BE
Ada I 2550 545 A Turpanting 0,431 BE
* For uss shen both usshel GUIpGL SN0 Mool li5es &re Ssaipeted within Balide
refrigmeniag ¥ pace: mesors delwing lans for forced Ciroulaton uHt coolees Abumirun 0.214
 For (a0 whan mates |gsaes are Sialipmed oultise mirigeessed spacs and Agphalt 0.2 =
uratal wark of mator s aupanded silhin religerated space: pump on e Buhinits 0.350 ik
e ety bilfa of ehiled wilar apsiem, fae netar oviside ralriperpind spece Brickwark 0,200 -
driving fan orouledeg air withis religaraied space. Brass ot =
3 For axmwhen malor heai losens are dissipaiod withinrelrigersied space and Bronns 0.104 =
ugalul work dud eetaida ai redri g apesn; mobor on redrd G 0.138 el
space drivirg puma or fan locaied cutside of space. Clans 0,200 -
lee 0485 -4
([ 047 AE
Table 12 Iran | casi] [RE] -
Henl equivalent of occupancy Lrau 0.aM —
Paper Ty =
Coaler Temperature F [Heat Peraon BTU/24 Hra, Furceimn 180 i
&0 17900 Frtibeer Bouds n4a0 -
&0 4680 Sand (IR -
aa E:fm Biaw nizo -
20 25,200 Wagds
14 TEADS Fir nesn e
Ll 831,200 Oak DETH -
-14 La;.m Ping DETR =
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OUTDOOR DESIGN TEMPERATURES

In refrigeration and air conditioning applications, maximum load conditions generally
occur during the “warmest weather. Nevertheless, it is neither economical nor
practical to design equipment for the highest possible temperature that might occur in
a given area. After all, the temperature may be at that record level for only a few hours
over a period of several years. National Weather Service records spanning many years
have been used to establish suitable outdoor design temperatures for specific
geographical areas. The outdoor design temperature is a temperature that, according
to past data, will not be exceeded more than a given percentage of the time during the
summer season in that area. Table 5 at the end of this chapter lists typical summer
design temperatures. Actual temperatures should equal or exceed those listed only

during 1% of the hours of the four-month summer season.
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Table5A

Dry bulb, Wet bulb,
Lecation F °F
CAHADA
ALBERTA
Calgary B3 6O
Edmonton B2 53
Fort Mchurray B4 G4
Grande Prairie B1 a2
Migclicine Hal a0 63
Fed Deer B2 52
Marmilion 83 B4
BRITISH COLUMBIA
Abbatstord 85 67
Fort Nalaon a2 g2
Port Hardy 63 55
Prince George a1 20
Vancouver T8 5
Victoria 3 3
Williama Laks 83 59
MAMITOBA
Brandon a7 L)
Chiirehill 7 &2
Winnipeg ar 2]
NEW BRUNSWICK
Chatharn a5 &9
Moncton 1% ] i
Saint John 78 &5
MEWFOLUNDLAND
Battle Harbour G5 58
Cartwright 75 &2
Deer Lake 81 66
Giander T8 (]
Saint John's Th 65
Stephanvill 74 fd
Wabush Laks TE il
NORTHWEST
TERRITORIES
Cape Pamy 5B 53
Fert Srmith B2 B3
Mormsan Wels B0 [
Melowhinie 77 GO
FUMAYUT
Baker Lake ] a7
Cambridgs Bay [0} 53
Chestarfiald GG 54
Coral Harbour Gd 53
Hall Baach 5 50

Dry bulb, | Wet bulb,
SRR mm !F | IF
MOVA SCOTIA
Greanwood B4 B8
Halifax A 68
Eabie lgland 70 -7
Shearvatar 78 B8
Sydrey a1 ]
Trurc i) =]
Yarmouth 73 [ici]
CNTARIO
Arrrstrang B &6
Earlton a5 =]
London 85 71
Narth Bay B &7
Oittewa 86 70
Sault Sainbe Marie a5} 5]
Thurdler Bay a4 BE
Toronts ar Fal
Tremion B4 71
Whinclsor a0 73
PRINCE EDWARD
ISLAND
Charloblel owr 7o ile]
QUEBEC
Bagotville a4 67
Mantreal B5 71
Cuehec B4 70
Riviere du Loup Ta 123
Foberval 83 Gé
Shedbrooke a4 T0
‘al d'Or 83 BT
SASKATCHEWAN
Moose Jaw =1} &4
Korth Batthedzrd i [
Prirce Al 84 65
Regina 89 B4
Saskaltoon B B4
Yorkian B =]
YURON
Burwash 73 &7
Whilchorse 7 ET

24




Table 5B

Diry bulb, Wet bulb, Dry bulb, Wet bull,
Location i 5 “ Location *F “F

ALABANA FLORIDA [comtinuad)

Birmingham 04 75 Fort Myers a4 Fiid
bbb 04 v Jacksarille B4 7
hontgomery a5 78 ey West i A
Tuscalonga a5 Fid Miami -1 T

Pensacola a3 TB

ALASKA ;

Anchorage Fi | 54 sl Pwaniung W i
Fairbanks a1 1 Tarmpa %2 7
ks 74 &0 West Falm Beach 1) T8
Momg 69 o GEQRGIA
Athens 94 75
| ARIZDHA
| Fagsta o5 s6 Fot Barring - »
Phioann 110 0
Tucson 104 &5 Maoan % 70
e k-2 T4

AR AN SAS S=Evannah a5 T
Fayetteville a5 5
Forl Smith a9 76 H‘T‘"‘" |
Litthe Rock a7 77 Crhalu "o T3

CALIFORMLA ID'H:UD 06 &3
Bakersfieid 104 70 5
Fresni 103 7 ILLINGIS
Long Beach g2 LT Chicago a1 74
Los Angeles g5 G4 Degakur k2 16
Sacramenic 100 &a Meline a3 76
San Diego a5 v Paoria ! 76
San Francisco k] 83 Fioskiard a1 74
San Jose 83 LT Springfield 3 76
Zanla Barbara A3 B4 INDIANA

COLORADD Evansville 24 Tr
Colorado Springs a0 58 Fort Wayne a0 T4
Denver a3 B0 Inekarapalis L T8
Pushio a7 62 Lafayette 9 75

CONNECTICUT 0l o - o
Bridgaport 86 73 e Haule w» G
Harifard A 73 [

DELAWARE Cedar Rapids k- ] 5
Dover a5 6 Des Moines: oz TB
Wilmingion 91 75 FEE Bl = 75

Masan City m T4

D.C. Sioux Ciby a4 T3
¥iashingtan 435 7 Waterlon a1 75

FLORIDA KANSAS
Cape Canaveral gz 78 Dodge Gty 100 T
Daytona Baach oz i Tepaka o 75
Fort Lauderdgle gz 78 Wichita 100 73
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Table 5C

Dry bulb, | Wet bulb, Dry bulb, | Wet bulb,
Location *F ‘F Location °F F
KRENTUCKY MOMNTARMA
Bowling Green g4 i3 Billings 93 63
Forl Knox o4 78 Bareman k3| &l
Lexingion g1 74 Bule BE 57
Lovuisville L ] 76 Helena k2] a0
LOLISIANA Missoula a1 62
Baton Rouga =2 78 MEBRASKA
Lafayetia 24 TG Linzaln a7 T4
Lake Charles a3 78 Crmaha a5 i
Mew Orleans a3 Ta NEVADA
Shreveport a7 7 Las Vegas 108 G5
MAINE Reno 95 i1
Augusta 87 7] NEW HAMPSHIRE
Elangcnrl B7 KA Concord 20 1
Brunswick 87 71 ki as 7
Portland B4 T Mount Washington &0 58
MARYLAND NEW JERSEY
Ratumore 23 L& Attantic City o1 74
MASEACHUSETTS Mewark L] 74
Boston 91 T3 Tramon 93 75
Worcestar &5 7 | NEW MEXICO
WMICHIGAN | Albuguerque 96 &0
Detrait a0 73 Carlshad 1014 5
Flint 58 T3 Rl a3 65
(Grand Rapids &4 T3 Sanla Fa oo 65
Lansing 83 ?g NEW YORK
Marquelte 86 4 Albany a0 7
Saginaw %0 74 Buffalo 86 70
Traverse Cly ils] 71 New York - =
MIMMESOTA Miagara Falls ar T
Brainard a3 T Poughkeapsis g2 75
Duluth a4 69 Rochester s Fi:]
Hibbing 83 70 Syracuse B3 Tz
Irfermational Falls 88 65 White Plains 89 74
Minneapatia-Saint Paul L] | T3 NOBTH CAROLINA
Rochastar BE i Asheville 88 72
Saint Cloud = 72 Charlatte a4 74
MISSISSIPPI Fort Bragg a5 7
Bl a2 Ta Greansbare 92 75
Jackson a5 77 Raleigh/Durham 93 76
Tupelo af TG Wilrengton a3 78
MISSOURI Winsion-Salem 4z T4
Calumbiza a5 Th MORTH DAKOTA
Kansas Gity 2] i Bismarck a3 Ga
Salnt Louis a5 Th Fargo o 1
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Table 5D

Dry bulb, | Wet bulb, Dry bulb, | Wet bulb,
Location °F °F Localion F “F
OHIO TEXAS (continued)
Akron ad T2 Corpus Chiisti 85 TH
Cincinnati a3 74 Dallas 100 Td
Clavelanad Ba 73 El Paso 101 1]
Calumbus a0 T4 Fart Warth 100 T8
Dayton a0 74 Gahmsion a1 g2
Toledn g0 T3 Haousion 05 T
Voungstown as 72 Laredo 102 73
OKLAHOMA Lubbock aF &7
Oklahoma City ap 74 San Antonic o8 3
Tulsa 100 78 Waco 101 i
Wichita Falls 103 74
OREGON
LImaH
Eugeng ) LiTd
Pandlatan a7 Gd Ogcen ¥3 &1
Pertffand a0 &7 Salt Lake Clty 36 62
Salem g2 67 VERMONT
PENNSYLVANIA Burlington &7 L,
Allantown o0 73 bontpelior a5 70
Altoana &b e VIRGIM LA
Erie a5 TE Hampion a4 b
Harrisburg g2 T4 Lynchburg o5 Td
Philadelphia oz 75 Newport News 45 7B
P Bo 72 Norfolk 93 77
Wilkes-Barre/Scranton BB 71 Cuartico o4 77
FIHODE |SLAND Richmonad 84 78
Providence g9 73 Roanoke %2 73
SOUTH CAROLINA WASHINGTON
Charlasion g4 78 Olympia a7 2
Groamille o3 74 Settle 85 65
Myrtis Baach 93 78 Epokang 92 a2
Takoma BE G5
SOUTH DAKOTA , Wity Walla s i
Pierre a5 7o Yalima g5 &5
Rapid Ci a5
s’ﬁf FT:; 84 Eﬁa WEST VIRGINIA
£ Charlesion | 7a
NMESSEE
Chattanoogs o4 75 RGN
Knowowd gz 74 Grean Bay BB b
i a:ma-ﬁ: i & i3 La Crosse o1 74
Nashville 54 7E Madlson &0 73
Mivaukes a2 74
TEXAS Wausau a8 71
Abdene ) 71
Arnarilla 96 &7 WYOMING
Austin o8 T4 gﬂipﬂf d2 g.?
BeaurmontPort Arthur ad 79 Dcd"“*'“""" ar
Brownsville g5 78 i a1 o
Rock Springs o5 24
L
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MAKING ALLOWANCES FOR SOLAR HEAT RADIATION

Radiant heat from the sun contributes significantly to heat gain. The heat load is much
greater if the walls of a refrigerated space are exposed to the sun's rays, either directly or
indirectly. In the northern hemi- sphere, the sun's ray's fall on east, south, and west
walls. To allow for solar radiation in heat load calculations, simply increase the
temperature differential by the applicable figure shown in Table 6 on the next page (or in
a similar table). Note that the figures given in Table 6 are for the summer season, and are
to be used for refrigeration load calculations only. They are not accurate for estimating
air conditioning loads.

Table 6

East South West Flat
Type of surface wall wall wall roof
Dark surfaces
Slate roofing
Tar roofing 8 5 B 20
Black painis
Medium surfaces
Unpainted wood
Brick
Red tile B 4 B 15
Dark cement
Red, gray, green paint
Light surfaces
White stone
Light-colored cement 4 2 4 [
White paint |
Figures arg to be added to the normal temparature differantins for heet leakape caladations in
ardes In compersate for sun afect. Nolto oo used for ar conghoning design

Table 6. Allowance for sun effect, in °F
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MAKING QUICK HEAT LOAD CALCULATIONS

There may be times when you need to make a non-critical heat load calculation, either
for basic cost- estimating purposes or for some other reason. Table 7 at the bottom of
the next page will help you make a quick calculation of heat transmission through
insulated walls. It lists the heat gain for various thick- nesses of common insulations.
The values given in Table 7 are in Btu per degree Fahrenheit of temperature difference
per square foot of surface area per 24 hours. Note that the "thickness of insulation”
refers to the insulation itself, not the thickness of the overall wall.

For example, assume that you are asked to find the heat transfer over a 24-hr period
through a 6-ft x 8-ft wall insulated with 4 in. of fiberglass. The wall's outside surface is
exposed to an ambient temperature of 95°F. The temperature inside the refrigerated
space is 0°F. Refer to Table 7 and calculate as follows:

Q = heat transfer value x area x 11 T = 1.5 x 48 ft2 x 95°F = 6,840 Btu
Table 7

Thickness of insulation, in,

2]

I _ ; 2 ; 5 h

Insulation 2 3 4 5 [ 7 & 2] 10 L 12 l"

K-walug approxkimataly 0.17 a3
0.ar | 0.3 4

1

=t

Expanded polyurethane | 204 | 138 | 1.02 | 0815 | 088 | 088 | 051 | 045 | 0.4

H-value approximately 0.25
Glass fibar, ook,
rmineral woal fill and beard, | 3.0 2.0 1.5 12 1.0 0.88 | 0.7% | 057 | D.BO | 058 | 050
expanded polystyrensa | [

Table 7. Quick-estimate values for heat transmission through insulated walls
(Btu per 1°F temperature difference per fi2 of area per 24 hours)

AIR INFILTRATION

Outside air enters a refrigerator or other refrigerated space whenever a door is
opened. Reducing the temperature of this outside air to the level inside the enclosure
increases the refrigeration load. If the moisture content of the entering air is above that
of the refrigerated space, the excess moisture will condense out of the air. The latent
heat of condensation also adds to the overall heat load.

Because of the many variables involved, it is difficult to calculate the additional heat
gain due to air infiltration. Traffic in and out of a refrigerated area usually varies with
the area's size or volume. The number of doors is not important, but the number of
times the doors are opened must be considered.
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Table 8 lists estimated average air changes per 24 hours for refrigerated areas of
various sizes. These figures assume that the storage temperature is above 32°F.
"Average air changes" are due to door openings and infiltration. As noted previously,
how- ever, it is difficult to estimate these figures accurately. You may have to modify
the values as shown if you find that the use of the area is very heavy or very light.
Another method of calculating air infiltration into a refrigerated space is to determine
the velocity of airflow through an open door. When the door to a refrigerated space is
opened, the difference in density between the cold air inside and the warm air outside
creates a pressure differential. This pres- sure differential causes cold air to flow out at
the bottom of the doorway, and warm air to flow in at the top. Velocities vary from a
maximum value at the top and bottom of the doorway to zero at the vertical center of
the opening. The average velocity in either half of a 7-ft doorway, for example, is 100 ft/
min when the temperature difference is 60°F. The velocity varies with the square root
of the height of the door- way, and with the square root of the temperature difference.

Air change per 24 Hours for room above 32°F by average due to doors and

infiltration
Table 8A
Volume, Air changes Volume, Air changes
ft Per 24 hours ft? Per 24 hours
200 44.0 6,000 6.5
300 34.5 8,000 5.5
400 29.5 10,000 49
500 26.0 15,000 3.9
600 23.0 20,000 3.5
800 20.0 25,000 3.0
1,000 17.5 30,000 2.7
1,500 14.0 40,000 23
2,000 12.0 50,000 2.0
3,000 9.5 75,000 1.6
4,000 8.2 100,000 1.4
5,000 7.2
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TABLE 8B

Air change per 24 Hours for room below 32°F by average due to doors and

infiltration
Volume Air Volume Air Volume Air
CU.FT Changes Cu. Ft Changes Cu. Ft Changes
Per 24 Hrs. Per 24 Hrs Per 24 Hrs
200 33.5 2,000 9.3 25,000 23
250 29.0 3,000 7.4 30,000 21
300 26.2 4,000 6.3 40,000 1.8
400 22.5 5,000 5.6 50,000 1.6
500 20.0 6,000 5.0 75,000 1.3
600 18.0 8,000 4.3 100,00 1.1
800 15.3 10,000 3.8 150,000 1.0
1,000 13.5 15,000 3.0 200,000 0.9
1,500 11.0 20,000 2.6 300,000 0.85

Table 8. Average air changes per 24 hours due to door opening and infiltration, for
storage room above 32°F

Note: For heavy usage, multiply the above values by 2.0, for undisturbed long periods
of storage multiply the above values by 0.6.

Here is a sample calculation. Assume that you wish to estimate the rate of infiltration
through a door 8 ft high and 4 ft wide. There is a 100°F temperature difference between
the refrigerated space and the outside air. Use the 7-ft doorway and the 60°F
temperature difference as reference figures, and find the velocity as follows:

Velocity = 100 ft/mIn x (¥ 8 / \7) x (100 / V60) =100 X (2.83 / 2.65) X (10 / 7.75)
=100 x1.07 x 1 .29
= 138 ft/min
Now, using this value for velocity, you can calculate the estimated rate of infiltration in

cubic feet per minute (cfm):
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138 ft/min x (.8ftx4ft / 2) = 2,208 cfm

For refrigerated spaces in which ventilation is provided by supply and/or exhaust fans,
the ventilation load replaces the infiltration load (if the ventilation load is greater). You
can calculate heat gain based on the ventilating air volume.

Table 9

Heat (BTU per cu. Ft) going into Storage room

Temperature of Outside Air of box

Storage |40°F (4.4°C) 50°F (10°C) 85°F (29°C) 90°F (32.2°C) 95°F (35°C) 100°F (37.8C)
Room

Tempera-
ture Relative Humidity of Outside Air of the box%

°F °C 70 80 70 80 50 60 50 60 50 60 50 60

55 12.8 112 (134 [ 1.41 | 1.66 | 1.72 | 2.01 | 2.06 | 2.44
50 10.0 132 | 1.54 | 1.62 | 1.87 | 1.93 | 2.22 | 2.28 | 2.65
45 7.2 1.50 | 1.73 | 1.80 | 2.06 | 2.12 | 2.42 | 2.47 | 2.85
40 4.4 1.69 | 1.92 | 2.00 | 2.26 | 2.31 | 2.62 | 2.67 | 3.65
35 1.7 0.36 | 0.41 | 1.86 | 2.09 | 217 | 243 | 249 | 2.79 | 2.85 | 3.24

30 1.1 |1 0.24| 0.29 | 0.58 | 0.66 | 2.00 | 2.24 | 2.26 | 2.53 | 2.64 | 2.94 | 2.95 | 3.35
25 -39 |041)|045|0.75| 0.83 | 2.09 | 242 | 244 | 2.71 | 2.79 | 3.16 | 3.14 | 3.54
20 -6.7 | 0.56 | 0.61 | 0.91 | 0.99 | 2.27 | 2.61 | 2.62 | 2.90 | 2.97 | 3.35 | 3.33 | 3.73
15 94 |10.71)|0.75|1.06 | 1.14 | 245 | 2.74 | 2.80 | 3.07 | 3.16 | 3.54 | 3.51 | 3.92
10 -12.2 | 0.85| 0.89 | 1.19 | 1.27 | 2.57 | 2.87 | 2.93 | 3.20 | 3.29 | 3.66 | 3.64 | 4.04
5 -15.0 | 0.98 | 1.03 | 1.34 | 1.42 | 2.76 | 3.07 | 3.12 | 3.40 | 3.48 | 3.87 | 3.84 | 4.27
0 -17.0 | 112 (117 | 1.48 | 1.56 | 2.92 | 3.23 | 3.28 | 3.56 | 3.64 | 4.03 | 4.01 | 4.43
-5 -20.6 | 1.23 | 1.28 | 1.59 | 1.67 | 3.04 | 3.36 | 3.41 | 3.69 | 3.78 | 4.18 | 4.15 | 4.57
-10 -23.3 | 135|141 | 1.73 | 1.81 | 3.19 | 3.49 | 3.56 | 3.85 | 3.93 | 4.33 | 4.31 | 4.74
-15 -26.1 | 1.50 | 1.53 | 1.85 | 1.92 | 3.29 | 3.60 | 3.67 | 3.96 | 4.05 | 4.46 | 4.42 | 4.86
-20 -28.9 | 1.63 | 1.68 | 2.01 | 2.00 | 3.49 | 3.72 | 3.88 | 4.18 | 4.27 | 4.69 | 4.66 | 5.10
-25 -31.7 | 1.77 | 1.80 | 212 | 2.21 | 3.61 | 3.84 | 4.00 | 4.30 | 4.39 | 4.80 | 4.78 | 5.21
-30 -344 | 1.90 | 1.95 | 2.29 | 2.38 | 3.86 | 4.05 | 4.21 | 4.51 | 4.56 | 5.00 | 4.90 | 5.44
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Once you know the rate of infiltration, you can calculate the heat load from the heat
gain per cubic foot of infiltration. For conditions not covered by available data, you
can find the infiltration heat load by determining the difference in enthalpy between the
entering air and the air inside the refrigerated space. You can do this most easily by
using a psychrometric chart.

PRODUCT LOAD

The second factor to be considered in estimating the total heat load is the product
load. The term "product" covers a wide variety of materials and substances. The
nature of the product can determine the design of the enclosure in which it will be kept
chilled or frozen. For example, there is a wide difference between freezing and storing
bakery products in an insulated cabinet and chilling water in a continuous, tubular
water chiller. Even in air conditioning there is a "product”-two, in fact, since both the
dry air and the water vapor mixed with it are cooled.

In order to estimate the product load accurately, you must know several things about
the product. What kinds of foods will be kept in the cooler, and at what temperatures?
Where is the product coming from, and how is it being transported? How much of the
product is to be placed in the cooler, on average, per day or per week?

From this information, you can estimate the amount of heat that must be removed from
the product. The object is to cool it from the temperature at which it enters the cooler
to the temperature at which it will be stored (and then to keep that temperature
constant).

Assume that the following amounts of meats, vegetables, fruits, milk, and other dairy
products represent an average daily product load:

Meats.

It is estimated that approximately 300 Ib of fresh meat and 85 Ib of poultry are handled
on an average day. These meats are obtained from a local packinghouse. They are
delivered pre-chilled, but not down to 36°F. Delivery temperature depends on the time
of arrival, but averages about 50°F, which then must be reduced about 15°F to reach
an acceptable storage temperature.
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When larger quantities of meat products are involved, you must calculate the heat load
factor for each different kind of fresh meat separately. How- ever, the limited capacity
of the walk-in cooler used in this example makes this unnecessary. The meats can be
grouped together as far as their specific heats are concerned.

Let us assume that most of the meat involved is beef. The specific heat of fresh beef at
an above-freezing temperature, as shown in Table 2 at the end of this chapter, ranges
from 0.70 to 0.84 Btu/lb/°F. If the beef is relatively lean; you can use 0.77, the midpoint
of this range, for your calculations. Simple math then tells you that to cool 300 Ib of
fresh meat through 15°F will require 3,465 Btu of refrigeration per day (300 x 15 x 0.77
= 3,465).

The specific heat of fresh poultry is 0.79 Btu/lb/°F. Make the same kind of calculation
as you did for the beef, and you find that 1,007 Btu of heat must be removed from the
85 Ib of poultry per day (85 x 15 x 0.79 = 1,007).

Milk and dairy products

It is estimated that 25 gallons of milk are handled daily. A gallon weighs roughly 8 Ib,
so 25 gallons of milk would weigh approximately 200 Ib. The specific heat of milk,
again from Table 2, is 0.93 Btu/lb/°F. Assuming a similar 15°F temperature change, the
heat load from this product comes to about 2,790 Btu per day (200 x 15 x 0.93 = 2,790).

Vegetables and fruits

Included in this category are cabbage, lettuce, string beans, peas, rhubarb, carrots,
apples, peaches, pears, oranges, grapefruit, etc. About 100 Ib of these items are
handled daily. However, they are on display during regular business hours and are
only in the storage cooler overnight. Since they represent a minimum load, and then
only at a time when there is no traffic in or out of the cooler, they may be disregarded
as part of the product load. (Note: For larger applications, such as cold-storage
warehouses, individual product loads can never be disregarded. When estimating the
total heat load for such applications, you must make separate computations for each
product, and for its respective temperature and specific heat.)

From the preceding calculations, you can now find the total product load:
Fresh meats 3,465 Btu per day + Poultry 1,007 Btu per day Milk + 2,790 Btu per day

Total product load = 7,262 Btu per day
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If the product to be stored in the refrigerated space is delivered pre-cooled, the
product load is usually negligible, especially in small walk-in cooler installations. For
large-volume applications, however, the product load may be substantial enough to
require separate calculations for each product. This requires knowing the freezing
point, specific heat, percent water, etc. of each product.

The product load, whether it is heavy or light, is defined as any heat gain resulting
from the products that are being stored in the refrigerated space. The heat given off
depends on the specific product and its storage temperature.

Product heat gain consists of some or all of:

e the heat released from products that were initially stored and/or transported at a
higher temperature than that maintained in the refrigerated space

¢ .the heat removed in the process of freezing or chilling the products

¢ The heat of respiration from chemical reactions that take place in products.
Note that the values resulting from the last item vary with the storage temperature.
CALCULATING SENSIBLE HEAT

Above-freezing temperatures

Most products are at a higher temperature than the storage temperature when they are
first placed in the refrigerated space. Many food products have a high percentage of
water content. Their reaction to a loss of heat is quite different above the freezing point
than it is below the freezing point. Above the freezing point, the water continues to
exist as liquid. Below the freezing point, it changes to ice.

The specific heat of a product is defined, as the amount of heat (Btu) required raising
the temperature of 1 Ib of the substance 1°F. Note that the specific heat of a product
differs depending on whether the temperature is above freezing or below freezing. The
freezing point, which in most cases is below 32°F, also varies among products.

The heat to be removed from a stored product to lower its temperature to a point
above freezing can be calculated as follows:

Q=WxCx(T1-T2)

where:
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Q = the quantity of heat (Btu) to be removed

W = the weight of the product (lb)

C = the specific heat of the product above freezing

T1 = the initial temperature (OF)

T2 = the final temperature, at or above the freezing point (OF).

For example, assume that you want to calculate the heat that must be removed in
order to cool 1,000 Ib of veal from 42°F to 29°F. The highest freezing point of veal is 29°
F. The specific heat, taken from Table 2 at the end of the previous chapter, is 0.76 Btu/
Ib/°F. Proceed as follows:

Q =1,000 Ib x 0.76 x (42°F -29°F)
=1,000x 0.76 x 13 = 9,880
Btu Below-freezing temperatures

Once the water content of a product has been frozen, sensible cooling occurs again,
just as it did when the product was above freezing. Now the ice in the product causes
the specific heat to change. For example, the specific heat of veal above freezing is
0.76. Its specific heat below freezing is 0.41.

The heat to be removed from a stored product to lower its temperature to a point below
freezing can be calculated as follows:

Q=WxC1x(T1-T3)

where:

Q = the quantity of heat (Btu) to be removed

W = the weight of the product (Ib)

C1 = the specific heat of the product below freezing
71 = the freezing temperature (OF)

T 3 = the final temperature, below the freezing point (OF).
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For example, to calculate the heat that must be removed from the same 1,000 Ib of veal
in order to cool it from its freezing point (29°F) to 0°F, you would proceed as follows:

Q =1,000Ib x 0.41 x (29°F-0°F)

=1,000 x 0.41 x 29 = 11,890 Btu

CALCULATING THE LATENT HEAT OF FREEZING

Most refrigerated food products contain a high percentage of water. When calculating
the amount of heat that must be removed in order to freeze a product, you need to
know its water content.

The latent heat of freezing (also called the latent heat of fusion) is defined as the
amount of heat (Btu) that must be removed in order to change 1 Ib of a liquid to 1 Ib of
solid at the same temperature. You can find a product's latent heat of freezing by
multiplying the latent heat of water (144 Btu/lb) times the percentage of water in the
product. It also shows the latent heat of fusion for veal to be 100 Btu/lb, but you could
have arrived at approximately the same figure by calculating as follows:

0.70 x 144 Btu/lb = 100 Btu/lb

To calculate the amount of heat that must be removed from a product in order to freeze
it, then, simply proceed as follows:

Q=W x hf

where:

Q = the quantity of heat (Btu) to be removed

W = the weight of the product (Ib)

hf = the product's latent heat of fusion (Btu/lb).

Therefore, the latent heat of freezing 1,0001b of veal at 29°F is:
Q=W x hf

=1,000 Ib x 100 Btu/lb = 100,000 Btu
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CALCULATING THE TOTAL PRODUCT LOAD

The total product load is the sum of the individual calculations just completed. It
includes the sensible heat above freezing, the latent heat of freezing, and the sensible
heat below freezing. Using the previous calculations as an example, if 1,000 Ib of veal
is cooled from 42°F to 0°F, the total product load would be:

Sensible heat above freezing 9,880 Btu + Latent heat of freezing 100,000 Btu + Sensible
heat below freezing 11,890 Btu = 121,770 Btu total.
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Table 10A

Commodity Storage Rela_tiye Approximgte Highgst Specific Heat | Specific Heat Latent Prodl_Jct
Temp. F° Humidity Storage Life Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
Vegetables
Artichokes
Globe 320 95 to 100 2 week 29.8° 0.93 0.48 122 -
Jerusalem 31°to 32° 90 to 95 4 to 5 months 27.5° 0.87 0.54 112
Asparagus 32°t035° | 95t0 100 | 2to 3 weeks 30.9° 0.94 0.48 134 25
Beans
Snap or Green 40° to 45° 95 7 to 10 days 30.7° 0.91 0.47 128 14
Lima 34° to 40° 95 3to 5day 31.0° 0.73 0.40 94
Dried 50° 70 6 to 8 months
Beets
Roots 32° 9510 100 | 4to 6 months 30.1° 0.90 0.46 126 23
Bunch 320 98 t0 100 | 10 to 14 days
Broccoli 33° 95 10 to 14 days 30.9 0.96 0.43
Brussels sprouts 320 9510 100 [ 3to5 weeks 30.5 0.88 0.46 122
Cabbage, Late 32° 9810 100 | 5to 6 months 30.4° 0.94 0.47 132 17
Carrots
Topped-immature 32° 98 to 100 4 to 6 weeks 29.50 0.90 0.46 126 22
Topped-mature 32° 98 to 100 | 7to 9 months 29.5° 0.90 0.46 126 22
Cauliflower 320 95to 98 310 4 weeks 29.0° 0.93 0.47 132 16
Celeriac 320 9510 100 | 6 to 8 months 30.3° 0.91 0.46 126
Celery 320 98 t0 100 | 2to 3 months 31.1° 0.95 0.48 135 30
Collards 320 95 to 100 | 10 to 14 days 30.6° 0.94 0.44 130
Corn, Sweet 320 95 to 98 4 to 8 days 30.9° 0.79 0.42 106 16
Cucumbers 45° to 50° 95 10 to 14 days 31.1° 0.97 0.49 137 20
Eggplant 45°t050° | 90to 95 7 to 10 days 30.6° 0.94 0.48 132
Commodity Storage Relative Approximate Highest [ Specific Heat | Specific Heat | Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° | ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT

Table 10B
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Commodity Storage Relative Approximate Highest | Specific Heat | Specific Heat [ Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° | ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
Endive (Escarole) 320 95 2 to 3 weeks 31.9° 0.94 0.48 132
Frozen Vegetables | -10°to 0° 6 to 12 months
Garlic 33° 70 1to 2 months 30.6° 0.76 0.52 84
Garlic, dry 320 6510 70 6 to 7 weeks 30.5° 0.69 0.40 89
Greens, leafy 32° 95 10 to 14 days 30.0° 0.91 0.48 136 32
Ginger, root 340 90 to 95 1 to 2 months 29.0° 0.90 0.46 117
Horseradish 30°to 32° | 95to 100 10 to 12 months 28.7° 0.78 0.42 104
Jicama 55°t0 65° | 65t0 70 1 to 2 months
Kale 320 95 3 to 4 months 31.1° 0.89 0.46 124
Kohlrabi 320 95 2 to 4 weeks 30.2° 0.92 0.47 124
Leeks, green 32° 95 1 to 3 months 30.7° 0.88 0.46 126
Lettuce head 340 95 to 100 2 to 3 weeks 31.7° 0.96 0.48 136 25
Mushrooms 32° 90 3 to 4 days 30.4° 0.93 0.47 130
Okra 45° to 50° 90 to 95 7 to 10 days 28.7° 0.92 0.46 128
Onions
Green 32° 95 3 to 4 weeks 30.4° 0.91 22
Dry, and onion sets 32° 65 to 70 1 to 8 months 30.6° 0.90 0.46 124
Parsley 320 95 1 to 2 months 30.0° 0.88 0.45 122
Parsnips 320 98 to 100 4 to 6 months 30.4° 0.84 0.44 112 36
Peas
Green 32° 95 1 to 3 weeks 30.9° 0.79 0.42 106 23
Dried 50° 70 6 to 8 months
Peppers
Dried chili 32° to 50° 60 to70 6 months 0.30 0.24 17
Sweet 45° to 50° 90 to 95 2 to 3 weeks 30.7° 0.94 0.47 132 41
Commodity Storage Relative Approximate Highest Specific Specific Heat Latent Product
Temp. F° Humidity Storage Life Freezing | Heat above [Below Freez-| Heat of Loading
% point F° Freezing ing BTU/Lb/ Fusion Density
BTU/Lb/F° Fe BTU/Lb/F° | Approx. Lb/
CufFT

Table 10C
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Commaodity

Storage Relative | Approximate | Highest | Specific Heat | Specific Heat Latent Product
Temp. F° Humidity | Storage Life | Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
Potatoes
Early 38° to 40° 90 to 95 4t05 30.9° 0.85 0.43 111
months
Main crop 38° to 40° 90 to 95 5t08 30.9° 0.82 0.44 116
months
Spring 32° 95 to 100 | 3 to 4 weeks 30.7° 0.95 0.48 134
Winter 32 95 to 100 2to4 30.2° 0.95 0.48 134
months
Rhubarb 32° 95 2 to 4 weeks 30.3° 0.96 0.48 134
Rutabagas 32° 98 to 100 4106 30.1° 0.91 0.47 127
months
Salsify 32° 98 to 100 2to4 30.0° 0.83 0.44 133
months
Seed, vegetable | 32°to50° 50 to 65 10to 12 0.29 0.23 16
months
Spinach 320 95 10to 14 31.5° 0.94 0.48 132
days
Squash - - - - - - - -
Acorn 45° to 50° 70to 75 | 5to 8 weeks 30.5°
Summer 32°to 50° 85t095 | 5to 14 days 31.1° 0.95 0.48 135
Winter 50° to 55° 70to 75 4106 30.3° 0.91 0.48 127
months
Tamarillos 37°to 40° | 85t095 10 weeks
Tomatoes - - - - - - - -
Mature green 55°to 70° 85t090 | 1to 3 weeks 31.0° 0.95 0.48 134 25
Firm, ripe 45° to 50° 85 to 90 4 to 7 days 31.1° 0.94 0.48 134 21
Turnips - - - - - - - -
Roots 32° 95 4t05 30.1° 0.93 0.47 130
months
Greens 32° 95 to 100 10to 14 30.6° 0.92 0.48
days
Watercress 32° 95to 100 | 2 to 3 weeks
Yams 60° 85to 90 3to 60 28.5° 0.79 0.40 105
months
Commodity Storage Relative | Approximate | Highest [ Specific Heat | Specific Heat Latent Product
Temp. F° Humidity | Storage Life | Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fe Fo BTU/Lb/F° | Approx. Lb/
CuFT

Table 10D

41




Commodity Storage Relative Approximate Highest | Specific Heat | Specific Heat Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- [ Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fe BTU/Lb/F° | Approx. Lb/
CuFT
Fruit and Melons
Apples 30° to 40° 90 3 to 8 months 29.3° 0.87 0.45 121 28
Apples dried 41° to 48° 55 to 60 5 to 8 months
Apricots 31°t0 32° 90 1to 2 weeks 30.1° 0.88 0.46 122 30
Avocados 45°to 55° | 851090 2 to 4 weeks 31.5° 0.72 0.40 94 19
Bananas 55°t0 65° | 85t0 95 30.6° 0.80 0.42 108
Blackberries 31°to 32° 95 3 days 30.5° 0.88 0.46 122 19
Blueberries 31°t0 32° | 90to 95 2 weeks 29.7° 0.86 0.45 118 19
Cantaloupes 36° to 40° 95 5to 15 days 29.8° 0.94 0.46 129
Casaba melons | 45°to50° | 85to 95 4 to 6 weeks
Cherries - - - - - - - -
Sour 31°t0 32° | 90to 95 3to 7 days 29.0° 0.87 0.49 124 18
Sweet 30°to 31° 90 to 95 2 to 3 weeks 28.8° 0.89 0.51 116
Coconuts 32°to 35° 80 to 85 1 to 2 months 30.4° 0.58 0.34 67
Cranberries 36°to 40° | 90to 95 2 to 4 months 30.4° 0.90 0.46 124 22
Crenshaw mel- | 45°to 50° 75 to 80 2 to 4 weeks
ons
Currants 31°t0 32° | 90to 95 10 to 14 days 30.2° 0.88 0.45 120
Dates, cured 0°to 32° | 75o0rless | 6to 12 months 3.7° 0.36 0.26 29 24
Dewberries 31°t0 32° | 90to 95 3 days 27.0° 0.88
Elderberries 31°t0 32° | 90to 95 1to 2 weeks
Figs - - - - - - - -
Dried 32°to 40° | 50t0 60 | 9to 12 months 0.36 0.27 34 45
Fresh 31°to 32° 85 to 90 7 to 10 days 27.6° 0.82 0.43 112 21
Commodity Storage Relative Approximate Highest | Specific Heat | Specific Heat | Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- [ Below Freez- | Heat of Loading
% point F° | ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT

Table 10E
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Commodity

Storage Relative Approximate Highest Specific Specific Latent Product
Temp. F° | Humidity Storage Life Freezing | Heat above | Heat Below | Heat of Loading
% point F° Freezing Freezing Fusion Density
BTU/Lb/F® | BTU/Lb/F® | BTU/Lb/ | Approx. Lb/
Fe CuFT
Frozen fruits -12°to 0° | 90to 95 | 18 to 24 months
Grapefruit 50° to 60° | 85to 90 4 to 6 weeks 30.0° 0.91 0.46 126 30
Grapes - - - - - - - -
American type 31°t0 32° | 851090 2 to 8 weeks 29.7° 0.86 0.44 116 29
European type 30°to 31° | 90to 95 3 to 6 months 28.1° 0.86 0.44 116 29
Vinifera 30°to 31° | 90to 95 3 to 6 months
Guavas 45° to 50° 90 2 to 3 weeks 0.86
Honeydew mel- [ 41°to50° | 90to 95 2 to 3 weeks 30.4° 0.94 0.44 129
ons
Kiwifruit 31°t0 32° | 90to 95 3 to 5 months
Lemons 32°to0 58° | 85to0 90 1 to 6 months 29.4° 0.91 0.46 127 33
Limes 45°t0 48° [ 85t0 90 6 to 8 weeks 29.1° 0.89 0.46 122 32
Loganberries 31°to0 32° | 90to 95 2 to 3 days
Loquats 320 90 3 weeks
Lychees 35° 90 to 95 3 to 5 weeks
Mangoes 550 851to 90 2 to 3 weeks 30.3° 0.85 0.44 117
Melons, Casaba | 45°to48° [ 751080 2 to 4 weeks 30.0° 0.95 0.45 132
Nectarines 31°to 32° 90 2 to 4 weeks 30.4° 0.90 0.49 119
Olives, fresh 45°t0 50° | 85to0 90 4 to 6 weeks 29.4° 0.80 0.42 108
Oranges Juice 32°to 35° 3 to 6 weeks 30.6° 0.91 0.47 128
Oranges CA and AZ | 38°to 40° | 85t0 90 3 to 6 weeks 30.6° 0.90 0.46 124
Commodity Storage Relative Approximate Highest Specific Specific Latent Product
Temp. F° | Humidity Storage Life Freezing | Heat above | Heat Below | Heat of Loading
% point F° Freezing Freezing Fusion Density
BTU/Lb/F° | BTU/Lb/F° | BTU/Lb/ | Approx. Lb/
Fo CuFT
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Table 10F

Commodity Storage Relative Approximate Highest Specific Specific Latent Product
Temp. F° | Humidity Storage Life Freezing | Heat above | Heat Below | Heat of Loading
% point F° Freezing Freezing Fusion Density
BTU/Lb/F° | BTU/Lb/F° | BTU/Lb/ | Approx. Lb/
Fo CuFT
Oranges FL and 32°t0 34° | 851090 810 12 weeks 28.6° 0.91 0.46 126
X
Papayas 45° 85to 90 1 to 3 weeks 30.4° 0.82 0.47 130
Peaches 31°to 32° 90 2 to 4 weeks 30.3° 0.90 0.46 124 33
Peaches dried | 32°to41° | 55to 60 5 to 8 months 0.61 0.83 46
Pears 29°t0 31° | 90to 95 2 to 7 months 29.2° 0.86 0.45 118 47
Persian melons | 45°to 50° | 90to 95 2 weeks 0.81 0.43 112
Persimmons 30° 90 3 to 4 months 28.1° 0.84 0.43 112
Pineapples, ripe 45° 8510 90 2 to 4 weeks 30.0° 0.88 0.45 122 25
Plums 31°t0 32° | 90to 95 2 to 4 weeks 30.5° 0.88 0.45 118 22
Pomegranates 32° 90 2 to 4 weeks 26.6° 0.87 0.48 112
Prunes - - - - - - - -
Fresh 31°t0 32° | 90to 95 2 to 4 weeks 30.5° 0.84 0.34 112
Dried 32°to 41° | 55to 60 5 to 8 months
Quinces 31°to 32° 90 2 to 3 months 28.4° 0.88 0.45 122
Raisins 40° 60 to 70 9 to 12 months 0.47 0.32 43 45
Raspberries, 31°t0 32° | 90to 95 2 to 3 days 30.0° 0.84 0.44 122
black
Raspberries, 31°t0 32° | 90to 95 2 to 3 days 30.9° 0.87 0.45 121
red
Strawberries 31°t0 32° | 90to 95 5to 7 days 30.6° 0.92 0.42 129 40
Tangerines 32°t0 38° | 8510 90 2 to 4 weeks 30.1° 0.90 0.46 125
Watermelons 40° to 50° | 80to 90 2 to 3 weeks 31.3° 0.97 0.48 132 27
Commodity Storage Relative Approximate Highest Specific Specific Latent Product
Temp. F° | Humidity Storage Life Freezing | Heat above | Heat Below | Heat of Loading
% point F° Freezing Freezing Fusion Density
BTU/Lb/F° | BTU/Lb/F° | BTU/Lb/ | Approx. Lb/
Fo CuFT
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Table 10G

Commodity Storage Relative | Approximate | Highest | Specific Heat Specific Latent Product Load-
Temp. F° Humid- | Storage Life Freez- | above Freezing | Heat Be- Heat of ing Density
ity ing BTU/Lb/F° low Freez- [ Fusion Approx. Lb/Cu
% point F° ing BTU/ | BTU/Lb/F° FT
Lb/F°
Haddock, Cod 30°to 35° [ 90to 95 12days 28° 0.82 0.43 112 35
Perch
Hake, Whiting 32° to 34° 95 to 10 days 28° 0.86 0.45 118
100
Halibut 31°to 34° 95 to 18 days 28.0° 0.75 0.45 110
100
Herring - - - - - - - -
Kippered 32°t0 36° | 80to90 10 days 28.0° 0.76 0.41 100
Smoked 40° to 50° 50to 60 [ 6to 8 months 0.70 0.39 92
Tuna 30°to 35° [ 90to 95 15 days 28° 0.76 0.41 100 35
Commodity Storage Relative | Approximate | Highest | Specific Heat Specific Latent Product Load-
Temp. F° Humid- Storage Life Freez- | above Freezing | Heat Be- Heat of ing Density
ity ing BTU/Lb/F° low Freez- Fusion Approx. Lb/Cu
% point F° ing BTU/ | BTU/Lb/F° FT
Lb/F°
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Commaodity
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Storage Relative Approximate Highest | Specific Heat | Specific Heat Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
Mackerel 32°t0 34° | 95t0 100 6 to 8 days 28.0° 0.66 0.37 82
Salmon 40°t0 50° | 50to 60 15 days 28° 0.71 0.39 92
Scallop meat 32°t0 34° | 95t0 100 12 days 28° 0.84 0.44 115
Shrimp 31°t034° | 9510100 | 12to 14 days 28° 0.86 0.45 119 35
Lobster American 41° to 50° In sea indefinitely 28° 0.87 0.51 113
water
Oysters, Clams
(meat and liquid) 32°to 36° 100 5 to 8 days 28° 0.90 0.46 125
Oyster in shell 41°to 50° | 95to 100 5 days
Frozen shellfish -30° to -4° 90 to 95 3 to 8 months 0.46 110
Beef
Beef, Aging 340 85to 90 45 days 290 0.75 0.40 110
Beef, fresh, average 32° to 34° 88 to 92 1 to 6 weeks 28°t029° | 0.70t0 0.84 | 0.381t0 0.43 | 89to 110
Beef carcass
Choice 60% lean 32°t0 39° | 851090 1 to 3 weeks 28.5° 0.84 0,43 110
Prime 54% lean 32010 34° 85 1 to 3 weeks 29° 0.70 0.38 89
Sirloin cut (choice) 32°to 34° 85 1 to 3 weeks 28° 0.75 0.40 100
Round cut (choice) 32° to 34° 85 1to 3 weeks 28° 0.75 0.40 100
Dried, chipped 50° to 59° 15 6 to 8 weeks 28° 0.87 0.51 110
Liver 320 90 5 days 28.9° 0.83 0.52 99
Veal, lean 28°to 34° 8510 95 3 weeks 27° 0.85 0.45 89
Beef, frozen -10° to 0° 90 to 95 6 to 12 months 0.41 100
Pork
Fresh, average 32°t0 43° 8510 90 3to 7 days 28°t029° | 0.46t00.55 | 0.30t0 0.33 | 4610 63
Carcass, 47% lean 32° to 34° 85 to 90 3to 5 days 28° 0.74 0.75 65
Bellies, 35% lean 32° to 34° 85 3to 5 days 28° 0.67 0.0.81 65
Backfat, 100% fat 32° to 34° 85 7 to 12 days 28°t029° | 0.58t00.63 | 0.34t00.36 | 671t0 77 37
Shoulder, 67% lean 32° to 34° 85 to 90 3to 5 days 28° 0.60 0.35 65
Pork frozen -10° to 0° 90 to 95 4 to 8 months
Ham
74% lean 32° to 34° 80 to 85 3to 5 days 28° 0.56 0.33 60
Commodity Storage Relative Approximate Highest | Specific Heat | Specific Heat Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo F BTU/Lb/F° | Approx. Lb/
CuFT
Table 10H




Table 10l

Commodity Storage Relative | Approximate | Highest [ Specific Heat | Specific Heat Latent Product
Temp. F° Humidity | Storage Life | Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo F BTU/Lb/F° | Approx. Lb/
CuFT
cured 60° to 65° 50 to 60 0to 2 years 28° 0.52t00.56 | 0.32t00.33 57 to 64
Country cure 50° to 59° 65to0 70 3to5 29° 0.54 0.33 60
months
Frozen -10° to 0° 90 to 95 6to08 29° 0.54 0.33 60
months
Bacon
Medium fat class 37°to41° | 80to85 | 2to 3 weeks 29° 0.40 0.26 38
Curd, farm style 61° to 64° 85 4t06 29° 0.30t00.43 | 0.24t00.29 | 18to 41 57
months
Cured, packer style 340° to 39° 85 2 to 6 weeks 290 0.40 0.26 38
Frozen -10° to 0° 90 to 95 2t0 4 29° 0.40 0.26 38
months
Sausage
Links or bulk 32° to 34° 85 1to 7 days 29° 0.75 0.59 39
Country, smoked 32° 85 1 to 3 weeks 28° 0.75 0.59 39
Braunschweiger 320 85 1 to 3 weeks 29° 0.72 0.57 69
Frankfurter 32° 85 1 to 3 weeks 28° 0.75 0.55 77
ltalian 32° 85 1 to 3 weeks 29° 0.74 0.57 74
Polish 32° 85 1 to 3 weeks 29° 0.75 0.56 77
Pork 320 85 1 to 3 weeks 29° 0.70 0.58 64
Smoked links 320 85 2t03 28° 0.67 0.59 56
months
Frankfurters
Average 320 85 1 to 3 weeks 28° 0.43 0.26 40
Polish style 32° 85 1 to 3 weeks 28° 0.43 0.26 40
Commodity Storage Relative | Approximate | Highest [ Specific Heat | Specific Heat Latent Product
Temp. F° Humidity | Storage Life | Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fe F BTU/Lb/F° | Approx. Lb/
CuFT
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Table 10J

Commodity Storage Relative | Approximate | Highest | Specific Heat | Specific Heat Latent Product
Temp. F° Humidity | Storage Life | Freezing | above Freez- | Below Freez-| Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
Meat (Lamb)
Fresh, average 32°to 34° 85t090 | 5to12days | 28°t029° | 0.68t00.76 | 0.38t0 0.51 | 86 to 100
Choice, lean 32° 85 5to 12 days 29° 0.74 0.40 95
Fresh, average 28°1t0 32° | 951t0 100 | 1to 3 weeks | 28°t0 29° | 0.46t0 0.55 | 0.30t0 0.33 | 46t0 63
Chicken all classes 28°t032° [ 95t0 100 | 1 to 4 weeks 28 1,04 0.79 95
Turkey, all classes 28°t0 32° | 95t0 100 | 1 to 4 weeks 28 0.84 0.54 101
Turkey breast roll -4°to -1° 61to 12 28 0.83 0.53 101
months
Turkey frankfurters 0°to 15° 61to 16 29°
months
Duck 28°t0 32° | 95t0 100 | 1to 4 weeks 26° 0.73 0.59 70
Poultry, frozen -10° to 0° 90 to 95 12 months
Meat Misc.
Rabbits, fresh -10° to 0° 90 to 95 6 to 10 28 0.50 0.35 89
months
Dairy Products
Butter 40° 75t0 85 1 months -4° to 31° 0.50 0.25 23
Butter, frozen -10° 70 to 85 12to 20
months
Cheese, Cheddar 18° to 29°
Long storage 32°to 34° 65to 70 12 months 0.65 0.62
Short storage 40° 65 to 70 6 months 0.65
Processed 40° 65to0 70 12 months 0.65
Grated 40° 65to 70 12 months 0.65
Commodity Storage Relative | Approximate | Highest | Specific Heat | Specific Heat | Latent Product
Temp. F° Humidity | Storage Life | Freezing | above Freez- | Below Freez-| Heat of Loading
% point F° | ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
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Table 10K

Commodity Storage Relative Approximate Highest | Specific Heat | Specific Heat | Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- [ Below Freez- | Heat of Loading
% point F° | ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo F BTU/Lb/F° | Approx. Lb/
CuFT
Camembert 0.74 0.80 74
Cheddar 8.8° 0.66 0.73 53
Cottage uncreamed 29.8° 0.89 0.48 114
Cream 0.75 0.70 77
Gouda 0.69 0.66 59
Limburger 18.7° 0.72 0.67 70
Mozzarella 0.75 0.59 78
Parmesan, hard 0.62 0.70 42
Processed Ameri- 19.6° 0.67 0.66 56
can
Roquefort 2.7° 0.67 0.80 57
Swiss 14.0° 0.66 0.69 53
Ice cream
10% fat -20°t0 -15° [ 90to 95 3 to 23 months 21.0° 0.661t00.70 | 0.37t0 0.39 86 25
Premium -30°to -20 | 90to 95 3 to 23 months 22° 0.70 0.39 86
Chocolate -20 95 3 to 23 months 21.9 0.74 0.66 80
Strawberry -20 95 3 to 23 months 21.9 0.76 0.65 86
Vanilla -20 95 3 to 23 months 21.9 0.77 0.65 88
Milk
Fluid pasteurized 39°t0 43° 7 days 0.93 0.43 124 64
Grade A (3.7% fat) 32° to 39° 7 to 14 days 31° 0.93 0.43 124 64
Raw 32° to 39° 2 days 0.93 0.43 124 64
Dried, Whole 700 low 6 to 9 months 3
Skim, dried 700 low 16 months 0.43 5
Dried, nonfat 45° to 70° Low 16 months 0.44
Evaporated 40° 24 months 29.5° 0.85 0.50 106
Evaporated unsweet- 700 12 months
ened
Commodity Storage Relative Approximate Highest | Specific Heat | Specific Heat | Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fe F BTU/Lb/F° | Approx. Lb/
CuFT
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Table 10L

Commodity Storage Relative | Approximate | Highest | Specific Heat | Specific Heat Latent Product
Temp. F° Humidity | Storage Life | Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° | ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fe Fo BTU/Lb/F° | Approx. Lb/
CuFT
Condensed sweet- 40° 15 months
ened
Whey, dried 70° low 12months
Cream
Half and half 0.89 0.52 116
Table 28.0° 0.86 0.53 106
Heavy whipping 0.78 0.55 83
Shell, farm cooler | 50°to55° [ 70to 75 | 2to 3 weeks 28° 0.73 0.40 96 19
Frozen 0 or below 1year + 28° 0.73 0.42 106 a1
Whole 0° 1year +
Yolk 0° 1year +
White o° 1 year +
Whole egg solids 35° to 40° low 61012
months
Yolk solids 35°to 40° low 6to 12
months
Flake albumen solids Low 1 year +
Dry spray albumen low 1 year +
solids
Candy
Milk chocolate 0° to 34° 40 6 to 12 0.44 2
months
Peanut brittle 0° to 34° 40 15t06 0.42 3
months
Fudge 0° to 34° 65 5t0 12 0.45 15
months
Marshmallows 0° to 34° 65 3t09
months
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Com modity Storage Relative Approximate Highest | Specific Heat | Specific Heat Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
Miscellaneous - - - - - - -
Alfalfa meal Qe 70to 75 1 year +
Beer
Keg 35° to 40° 3 to 8 weeks 28° 0.92 129
Bottles and cans 33°t0 38° | 65 or be- 3 to 6 months 28° 0.92 129
low
Body Box 34° 93 7 days 29° 0.84 0.43 110
Bread 0° 3 to 13 weeks
Canned goods 32°to 60° 70 or 1 year
lower
Cocoa 32°to 34° 50to 70
Coffee, green 35°t0 37° | 80to85 2 to 4 months 0.30 0.24 14to0 21
Fur and Fabrics 34° to 40° 45 to 55 years
Fur debugging -10° to 0° 50 to 55 2 weeks
Honey 38° to 50° 50 to 60 1year + 0.35 0.26 26
Hops 28°to 32° 50 to 60 6 months
Lard (without Antioxidant) 45 90 to 95 4 to 8 months
Maple syrup 75° to 80° 60 to 65 1year + 0.24 0.21 7
Nuts 32° to 50° 65to0 75 8 to 12 months 0.50t00.53 | 0.21t0 0.22 4t08 25
Oil, vegetable salad 70° 1 year +
Oleomargarine 35° 60 to 70 lyear +
Orange Juice 30° to 35° 3 to 6 weeks 0.91 0.47 128
Popcorn, unpopped 32°to 40° 85 4 to 6 months 0.31 0.24 19
Yeast, baker's compressed 31°to 32° 1 year +
Commodity Storage Relative Approximate Highest [ Specific Heat | Specific Heat | Latent Product
Temp. F° Humidity Storage Life Freezing | above Freez- | Below Freez- | Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
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Commodity Storage Relative | Approximate | Highest | Specific Heat | Specific Heat | Latent Product
Temp. F° Humidity | Storage Life | Freezing [above Freez- | Below Freez-| Heat of Loading
% point F° | ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
Tobacco
Hogshead 50° to 65° 50 to 65 1 year +
Bales 35° to 40° 70 to 85 1 year +
Cigarettes 35° to 46° 50 to 55 6 months 25°
Cigars 35° to 50° 60 to 65 2 months 25°
Horseradish 30°to 32° | 95to 100 10to 12 28.7° 0.78 0.42 104
months
Commodity Storage Relative | Approximate | Highest [ Specific Heat | Specific Heat Latent Product
Temp. F° Humidity | Storage Life | Freezing [above Freez- | Below Freez-| Heat of Loading
% point F° ing BTU/Lb/ | ing BTU/Lb/ Fusion Density
Fo Fo BTU/Lb/F° | Approx. Lb/
CuFT
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Flower

Commodity |Storage Tem-| Relative Approximate | Method of Hold- | Highest Freezing
perature Fe | Humidity % Storage Life ing Point °F
Cut Flower
Calla Lily 400 90 to 95 1 week Dry Pack
Camellia 450 90 to 95 3 to 6 days Dry Pack 30.6°
Carnation 31eto 32° 90 to 95 3 to 4 weeks Dry Pack 30.8¢
Chrysanthe- 31010320 90 to 95 3 to 4 weeks Dry Pack 30.50
mum
Daffodil 32010 33° 90 to 95 1to 3 weeks Dry Pack 31.8°
(Narcissus)
Dahlia 400 90 to 95 3to 5 days Dry Pack
Gardenia 32010 34° 90 to 95 2 weeks Dry Pack 31.00
Gladiolus 360 to 420 90 to 95 1 week Dry Pack 31.40
Iris, tight buds 310 to 32° 90 to 95 2 weeks Dry Pack 30.60
Lily, Easter 320 to 35° 90 to 95 2 to 3 weeks Dry Pack 31.1°
Lily, of the val- 31°t0 32° 90 to 95 2 to 3 weeks Dry Pack
ley
Orchid 450 to 55° 90 to 95 2 weeks Water 31.4°
Peony, tight 320 to 35° 90 to 95 4 to 6 weeks Dry Pack 30.1
buds
Rose tight buds 32 90 to 95 2 weeks Dry Pack 31.2
Snapdragon 40 to 42° 90 to 95 1to 2 weeks Dry Pack 30.4
Sweet Peas 3leoto32° 90 to 95 2 weeks Dry Pack 30.4
Tulips 3leoto32° 90 to 95 2 to 3 weeks Dry Pack
Greens
Asparagus 35°t040° 90 to 95 2 to 3 weeks [ Polylined cases 26.0
(plumosus)
Fern, dagger 30°t032° 90 to 95 2 to 3 months Dry Pack 28.9°

and wood

53




Commodity Storage Tem-| Relative Approximate | Method of Hold- | Highest Freezing
perature Fo | Humidity % Storage Life ing Point °F
Fern, Leatherleaf 430 90 to 95 1 to 2 months Dry Pack
Holly 320 90 to 95 4 to 5 weeks Dry Pack 27.0°
Huckleberry 320 90 to 95 1 to 4 weeks Dry Pack 26.7°
Laurel 320 90 to 95 2 to 4 weeks Dry Pack 27.6°
Magnolia 350t040° 90 to 95 2 to 4 weeks Dry Pack 27.0°
Rhododendron 320 90 to 95 2 to 4 weeks Dry Pack 27.6°
Commodity Storage Tem-| Relative Approximate | Method of Hold- | Highest Freezing
perature Fo | Humidity % Storage Life ing Point °F
Commodity Storage Tem-| Relative Approximate | Method of Hold- | Highest Freezing
perature Fe | Humidity % Storage Life ing Point °F
Salal 320 90 to 95 2 to 3 weeks Dry Pack 26.8°
Bulbs
Amaryllis 38°t045° 70to 75 5 months Dry 30.8°
Caladium 70° 70 to 75 2 to 4 months 29.7°
Crocus 48°1063° 2 to 3 months 29.7°
Dahlia 40°1t048° 70to 75 5 months Dry 28.7°
Gladiolus 4501050° 70to 75 5 to 8 months Dry 28.2°
Hyacinth 63°t068° 2 to 5 months 29.3°
Iris, Dutch Span- 68°to77° 70to 75 4 months Dry 29.3°
ish
Gloriosa 50°1t063° 70 to 75 3 to 4 months Polyliner
Candidum 3lot033° 70 to 75 1 to 6 months Polyliner and
peat
croft 3lot033° 70 to 75 1 to 6 months Polyliner and
peat
Longiflorum 3lot033° 70 to 75 1 to 10 months Polyliner and 28.9
peat
Tuberose 40°t045° 70to 75 4 to 12 months Dry
Tulip 63° 70to 75 2 to 6 months Dry
Commodity Storage Tem-| Relative Approximate | Method of Hold- | Highest Freezing
perature Fe | Humidity % Storage Life ing Point °F
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Com- | Storage Tem- Relative Approximate | Method of Hold- Highest Freezing
modity | perature Fo | Humidity % Storage Life ing Point °F
Rose 3lcto36° 8510 95 4 to 5 months Bare Rooted
bushes
Straw- 30°t032° 80 to 85 8 to 10 months | Bare Rooted 29.9°
berry
plants
Rooted 3lcto36° 8510 95 Polywrap
cuttings
Herba- 27°t035° 80 to 85 3 to 8 months
ceous
perenni-
als
Christ- 220t032° 80 to 85 6 to 7 weeks
mas
trees
Com- | Storage Tem- Relative Approximate | Method of Hold- Highest Freezing
modity [ perature Fe | Humidity % Storage Life ing Point °F
This Table is for Product Load
Specific Heat
Name BTU/Lb./°F Temperature °F
Liquid
Acetic Acid 0.522 79 — 203
Alcohol- Ethyl 0.680 32-208
Alcohol-Methyl 0.610 59 - 68
Calcium Chloride Brine 20% 0.744 68
Carbon Tetrachloride 0.201 68
Chloroform 0.234 68
Gasoline 0.500 32-212
Glycerine 0.575 59 - 120
Olive Qil 0.471 44
Toluene 0.404 68
Turpentine 0.420 68
Solids
Aluminum 0.214
Asphalt 0.220
Bakelite 0.350
Brickwork 0.200
Brass 0.090
Bronze 0.104
Concrete 0.156
Glass 0.200
Ice 0.465 -4
Ice 0.487 32
Iron (Cast) 0.120
Lead 0.031
Paper 0.320
Porcelain 0.180
Rubber Goods 0.480
Sand 0.191
Steel 0.120
Woods
Fir 0.650
Oak 0.570
Pine 0.670
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REFRIGERATION LOAD ESTIMATE FORM

Total 24-hr refrigeration oad
Required houdy compressor capacity based on 16-hr operation

Appdi cation Fioom:  Height ‘Width
Foom corditions * AH Length Wiolume
Arnbien conditions & o AH Insulpiion:  Thickness
Termparature differance (TO) "F Type
Froduct lsad £ A A Bt
Lights, mofors
Cocupancy, miscellsneows
Heat tranzmiseion |oad
Sadia walls L = Hz2 = arga TD = LHmciar =
End walls W o HxZ = ared TD = UHectar =
Ceilng L5 W - AfeE M TD = Ltmctor =
Floog PPN S TR | et ares W TD = Lklmctor =
Glass args = TO = Hactor =
Subtolel =
% 24 haurs =
Air infiltratlon
R e yohames = aar dlargqﬂ; par 24 hows = usage faclor = Bwi? =
Product knad
Product femperature reductiion
Ik spacific hawal = D =
Gl Ib spacific haal « TD 2
b= speciic heal = D =
Latant heat of Feezing
b = spacific haat = TD =
by = spacific haal x TD =
Heat of respirmiion
Ik = Btu'24-hr heat of maspiration -
b = Btu/24-hr heat of respiration -
Supplemantary load
vialts = hiours = 3.41 Btuh =
hp = hiours = Etub -
paopla hours: = Eiuh =
Subtotal
o, cabaly tmaior
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REFRIGERATION LOAD ESTIMATE FORM
Application Foom:  Helght Wit
Foom cornditions o AH Length Valume
Ambien condiions “F AH Insulafiorne  Thickness
Temparure difference (TO] "= Type
Froduct load Table = I e e
Lights, modons
Cizcupancy, miscellaneous
Heat transmission load
Sada walls L = Hzx# = arga = TO = LHaclor =
End wals W ow Hx? = mres ThD = Ui-motar =
Ceiling L x W - area = TD = Lactor =
Floos SRR e RO e ares M TD = Llacior =
Glass ArgE M TD = Lastor =
Table 4 Bk
« 24 haurs =
Light Use 1.25
Air infiltration Table 8 Table 9
HE wolama » air changas per 24 hours = wsago faclor x B =
Product load Table 10
Product femperature réduciion
Ib = specific heal = D =
Ib = spacific heal = D =
Ib = _ specifis heal __TD =
Labent heat of freezing
b = epacific haat = TD =
b = speacific haal « TD =
Heat of mespimion
I s Btu'?4-hr heat of respiration =
b = Bruids-hr heat of respiraticn =
! Supplemantary load
vialls = hours = 3.41 Biuh =
Table 11 Hp_“: holrg = Btuh -
peopla = howirs = Biuh =
People 345 . Subtotal
to 450 Btuh 15% = cataty tmetor
Total 24-hr refrigeration load
Reguined houdy compressor capacity based on 16-hr operation
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MISCELLANEOUS HEAT LOAD

Heat introduced into the cooler from heat-producing devices such as lights, motors,
etc., also must be considered when estimating the total heat load. Any electrical
energy dissipated directly into the cooler is converted into heat, which must be
included in your calculations.

One watt-hour of electrical energy is equivalent to 3.41 Btu of heat energy. This
conversion ratio is accurate in dealing with any amount of electric power. Motor
efficiency varies with the size of the motor-and the heat equivalent varies accordingly.
Table 3 shows the heat load per horsepower for a variety of motor sizes. Although the
values shown are useful approximations, the actual electric power input (in watts) is
the only accurate measure for heat- estimating purposes.

Electric lights. Assume that the lighting in a cooler consists of two 60-W bulbs. They
will add 409 Btuh (120 x 3.41) to the heat load. This is not much, true, but small loads
can add up.

Electric motors. Electric motors may be used inside the refrigerated space to drive
fans, pumps, or other equipment. They represent another example of miscellaneous
heat load. The electrical energy that a motor consumes. is first converted to
mechanical energy, but ultimately it is converted to heat.

Heat of motors
BTU Per (HP) per (HR)

Motor Connected load in | Motor losses out- | Connected load
HP Refrigeration side outside
space Refrigeration Refrigeration
space space
1/8 to 1/2 4,250 2,548 1,710
2t0 3 3,701 2,547 1.160
3to 20 2,955 2545 405
Table 11
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The power used by a motor driving the fan on a forced-draft evaporator is often
overlooked. It should not be. Consider, for example, a small blower coil with a
refrigerating capacity of approximately 5,000 Btuh. It incorporates a fan motor that
consumes 225 W of power. While the fan is running (which is usually continuously),
the motor is dissipating heat into the refrigerated space at the rate of 767 Btu per hour
(225 x 3.41) .So the refrigerating capacity of the evaporator is, in reality, 5,000 Btuh
minus 767 Btuh, or 4,233 Btuh-a reduction of more than 15%.

Human occupancy. The people who live or work in a refrigerated space give off heat

and moisture. The resulting refrigeration load will vary according to several
conditions, including the duration of occupancy, the temperature of the refrigerated
space, the type of work being done, and other factors 354 Btuh to 450 Btuh. These
values are for extended occupancy periods. Stays of short duration, naturally, produce
lower heat gains.

Heat of respiration. There is one other heat load factor to consider when an application
involves the storage of certain products, such as bananas, oranges, lemons, limes,
green onions, lettuce, pears, apples, etc. This factor is the heat that these products
give up as chemical changes take place over a period of time. The rate at which this
heat is given up is usually expressed in Btu per 100 Ib of product per 24 hours.

This chapter has demonstrated, through systematic explanation and calculation, the
fundamentals of estimating the heat load. The application used as an example involved
the maintenance of an above- freezing temperature in small, walk-in cooler and below-
freezing temperature storage.

59



Unit Cooler Recommended Coil Replacement
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I I I —I 1- I diretly abivg SO Fm.fl dsar apanings
whain lvw lempsraluens is beng maintened
anl wharevar possibie tor normal Bemperature
i’ l J, Allaw siilsient space befwean roar of Uni
Z ook and wall 10 perméd fres rebem of alr.
Psdar 2o Uini manuiaoturars’ Satehog Tos

DrOpEr Space.
Alwiys brap drain lines individually i praveey

vapor migration. Traps O léne leespamabyrs
I I 'l I I. I Linis musl Ba cilide af reingeraisd
ANSCHirag

:d laft
L H Codder or Frepzer with Glass DHsplay
'Z J" LU Diinirs

= right
g::sls a Elawation view of Glass Display Doar
Dﬁ-CE'“ Caoddar or Freszer. Be sure Alr Discharge

Blows abowve, not directly al doors. Pro-
wida baffles if deor euionds abowe Blowar
Il

"
o
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REFRIGERATION LOAD ESTIMATE FORM
Appi cation Foom:  Helght ‘Width
Foom cordhitions ** AH Length Valume
Arnbien conditions * AH Insulption:  Thickness
Temparature differance (TO) *F Type
Froduct lcad C AR AT
Lights, motors
Cocupancy, miscellangows
Heat tranzmiszion |oad
Side walls L = Hx2= aren = D = LHectar =
End walls W Hx2 = AR = Th = tHactar =
Ceilng R W - ares x TD = LHmctor =
Floos PP RS T IR | et ares TD = Liklacior =
Glass Args TO = Ulactor =
Subtolal =
% 24 hours =
Air infiltration
R H2 yolema = aar J;Imrgqﬂ; par 24 hows = wage faclor x B! =
Product knad
Product tfemperature reduction
Ik spacific haw = D =
ST Ib = spacific haal « T =
b= specilc heal = TD =
Latant heat of eezing
I = spacific naat = TG =
Ik = spacific haal « TD =
Heag of mespiration
Ik Btu/24-hr heat of maspiration -
b = Btu/24-hr heat of respiraticn -
Supplemantary load
vialts heurs = 3.41 Btuh =
hp = hiours = Etub -
peopla « hours = Biuh =
Subtotal
%%, sabaty taaior
Total 24-hr refrigeration oad
Regquired haudy compressor capacity based on 16-hr operation
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REFRIGERATION LOAD ESTIMATE FORM

Appdi cation Fioom:  Height ‘Width
Foom corditions * AH Length Wiolume
Armbiem condiions “F AH Insulation: Thickness

Termparature differance (TO) "F Type

Froduct kead SRR

Lights, motors

Ciocupancy, misce|laneous

Heat tranzmizsion load

Sadia walls L = Hz2 = arga TD = LHmciar =
End walls W o HxZ = ared TD = UHectar =
Cailing L x W = area = TD = UHmctor =
Flooi T e T RN | | = 1= TO = Lilactor =
Glaes args TD = MHactar =
Subtolel =
% 24 haurs =
Air infiltratlon
 H¥ymhame air changas par 24 hows « wkage feclor « B =
Product knad
Product femparature reduction
Ik spacific hawal = D =
AR P Ik = : spaciiic haal = D -
b=  speacie heal s TD =
Latant heat of Feezing
b = spacific haat = TD =
I = spacific haal « TD =
Heat of mespirafion
Ik = Btu'24-hr heat of maspiration -
b = Btu/24-hr heat of respiration -
Supplemantary load
Walks = hiours = 3.41 Btuh =
hp = hiours = Etub -
paopla hours: = Eiuh =
Subtotal
o, cabaly tmaior

Total 24-hr refrigeration oad
Required houdy compressor capacity based on 16-hr operation
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REFRIGERATION LOAD ESTIMATE FORM

Appdi cation Fioom:  Height ‘Width
Foom corditions * AH Length Wiolume
Armbiem condiions “F AH Insulation: Thickness

Termparature differance (TO) "F Type

Froduct kead SRR

Lights, motors

Ciocupancy, misce|laneous

Heat tranzmizsion load

Sadia walls L = Hz2 = arga TD = LHmciar =
End walls W o HxZ = ared TD = UHectar =
Cailing L x W = area = TD = UHmctor =
Flooi T e T RN | | = 1= TO = Lilactor =
Glaes args TD = MHactar =
Subtolel =
% 24 haurs =
Air infiltratlon
 H¥ymhame air changas par 24 hows « wkage feclor « B =
Product knad
Product femparature reduction
Ik spacific hawal = D =
AR P Ik = : spaciiic haal = D -
b=  speacie heal s TD =
Latant heat of Feezing
b = spacific haat = TD =
I = spacific haal « TD =
Heat of mespirafion
Ik = Btu'24-hr heat of maspiration -
b = Btu/24-hr heat of respiration -
Supplemantary load
Walks = hiours = 3.41 Btuh =
hp = hiours = Etub -
paopla hours: = Eiuh =
Subtotal
o, cabaly tmaior

Total 24-hr refrigeration oad
Required houdy compressor capacity based on 16-hr operation
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REFRIGERATION LOAD ESTIMATE FORM

Total 24-hr refrigeration oad
Required houdy compressor capacity based on 16-hr operation

Appdi cation Fioom:  Height ‘Width
Foom corditions * AH Length Wiolume
Arnbien conditions & o AH Insulpiion:  Thickness
Termparature differance (TO) "F Type
Froduct lsad £ A A Bt
Lights, mofors
Cocupancy, miscellsneows
Heat tranzmiseion |oad
Sadia walls L = Hz2 = arga TD = LHmciar =
End walls W o HxZ = ared TD = UHectar =
Ceilng L5 W - AfeE M TD = Ltmctor =
Floog PPN S TR | et ares W TD = Lklmctor =
Glass args = TO = Hactor =
Subtolel =
% 24 haurs =
Air infiltratlon
R e yohames = aar dlargqﬂ; par 24 hows = usage faclor = Bwi? =
Product knad
Product femperature reductiion
Ik spacific hawal = D =
Gl Ib spacific haal « TD 2
b= speciic heal = D =
Latant heat of Feezing
b = spacific haat = TD =
by = spacific haal x TD =
Heat of respirmiion
Ik = Btu'24-hr heat of maspiration -
b = Btu/24-hr heat of respiration -
Supplemantary load
vialts = hiours = 3.41 Btuh =
hp = hiours = Etub -
paopla hours: = Eiuh =
Subtotal
o, cabaly tmaior
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REFRIGERATION LOAD ESTIMATE FORM

Appdi cation Fioom:  Height ‘Width
Foom corditions * AH Length Wiolume
Armbiem condiions “F AH Insulation: Thickness

Termparature differance (TO) "F Type

Froduct kead SRR

Lights, motors

Ciocupancy, misce|laneous

Heat tranzmizsion load

Sadia walls L = Hz2 = arga TD = LHmciar =
End walls W o HxZ = ared TD = UHectar =
Cailing L x W = area = TD = UHmctor =
Flooi T e T RN | | = 1= TO = Lilactor =
Glaes args TD = MHactar =
Subtolel =
% 24 haurs =
Air infiltratlon
 H¥ymhame air changas par 24 hows « wkage feclor « B =
Product knad
Product femparature reduction
Ik spacific hawal = D =
AR P Ik = : spaciiic haal = D -
b=  speacie heal s TD =
Latant heat of Feezing
b = spacific haat = TD =
I = spacific haal « TD =
Heat of mespirafion
Ik = Btu'24-hr heat of maspiration -
b = Btu/24-hr heat of respiration -
Supplemantary load
Walks = hiours = 3.41 Btuh =
hp = hiours = Etub -
paopla hours: = Eiuh =
Subtotal
o, cabaly tmaior

Total 24-hr refrigeration oad
Required houdy compressor capacity based on 16-hr operation
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REFRIGERATION LOAD ESTIMATE FORM

Total 24-hr refrigeration oad
Required houdy compressor capacity based on 16-hr operation

Appdi cation Fioom:  Height ‘Width
Foom corditions * AH Length Wiolume
Arnbien conditions & o AH Insulpiion:  Thickness
Termparature differance (TO) "F Type
Froduct lsad £ A A Bt
Lights, mofors
Cocupancy, miscellsneows
Heat tranzmiseion |oad
Sadia walls L = Hz2 = arga TD = LHmciar =
End walls W o HxZ = ared TD = UHectar =
Ceilng L5 W - AfeE M TD = Ltmctor =
Floog PPN S TR | et ares W TD = Lklmctor =
Glass args = TO = Hactor =
Subtolel =
% 24 haurs =
Air infiltratlon
R e yohames = aar dlargqﬂ; par 24 hows = usage faclor = Bwi? =
Product knad
Product femperature reductiion
Ik spacific hawal = D =
Gl Ib spacific haal « TD 2
b= speciic heal = D =
Latant heat of Feezing
b = spacific haat = TD =
by = spacific haal x TD =
Heat of respirmiion
Ik = Btu'24-hr heat of maspiration -
b = Btu/24-hr heat of respiration -
Supplemantary load
vialts = hiours = 3.41 Btuh =
hp = hiours = Etub -
paopla hours: = Eiuh =
Subtotal
o, cabaly tmaior
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REFRIGERATION LOAD ESTIMATE FORM
Appdication Fioom:  Halghi "Width
Fioom conditions *F AH Length wioluame
Arnbien conditions *F AH Insulation:  Thickness
Temparmture differance (TO b Type
Froduct load e e e e B
Lights, mofors
Cocupancy, miscellaneoss
Heat transmiseion |oad
Side walls L = Hx2 = aga TD = LHeclor =
End walls Wox HxZ = anea TD = LHectar =
Ceilng Lo W = arsa x TD = UHpctar =
Flogs PP T BT || = ares = TO = Lilacior =
Glass argE ® TO = Llactor =
Subtolel =
® 24 haurs =
Air infiliratlon
IO HE yolume = aEr J;Imrgqs par 24 hows = wsage faelor = Bowi? =
Product koad
Product femparature reduction
Ik specific haal = TD =
Shbat b= : spacific heal = D s
b= _ specific heal = D =
Latant heat of reezing
b = epacific haat = TD =
I = spacific haal = TD =
Heat of respiraion
Ik = Bhu'24-hr heat of raspiration -
b = Btul24-hr heat of respiration -
Supplemantary load
walks = hours = 3.41 Biuh =
hp = hours = EBtuhb -
paopla = hours: = Eiuh =
Subtotal
%, calaby tmaior
Todal 24-hr refrigeration oad
Required hourdy compressor capacity based on 16-hr operation
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REFRIGERATION LOAD ESTIMATE FORM
Appdication Fioom:  Halghi "Width
Fioom conditions *F AH Length wioluame
Arnbien conditions *F AH Insulation:  Thickness
Temparmture differance (TO b Type
Froduct load e e e e B
Lights, mofors
Cocupancy, miscellaneoss
Heat transmiseion |oad
Side walls L = Hx2 = aga TD = LHeclor =
End walls Wox HxZ = anea TD = LHectar =
Ceilng Lo W = arsa x TD = UHpctar =
Flogs PP T BT || = ares = TO = Lilacior =
Glass argE ® TO = Llactor =
Subtolel =
® 24 haurs =
Air infiliratlon
IO HE yolume = aEr J;Imrgqs par 24 hows = wsage faelor = Bowi? =
Product koad
Product femparature reduction
Ik specific haal = TD =
Shbat b= : spacific heal = D s
b= _ specific heal = D =
Latant heat of reezing
b = epacific haat = TD =
I = spacific haal = TD =
Heat of respiraion
Ik = Bhu'24-hr heat of raspiration -
b = Btul24-hr heat of respiration -
Supplemantary load
walks = hours = 3.41 Biuh =
hp = hours = EBtuhb -
paopla = hours: = Eiuh =
Subtotal
%, calaby tmaior
Todal 24-hr refrigeration oad
Required hourdy compressor capacity based on 16-hr operation
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REFRIGERATION LOAD ESTIMATE FORM

Appdi cation Fioom:  Height ‘Width
Foom corditions * AH Length Wiolume
Armbiem condiions “F AH Insulation: Thickness

Termparature differance (TO) "F Type

Froduct kead SRR

Lights, motors

Ciocupancy, misce|laneous

Heat tranzmizsion load

Sadia walls L = Hz2 = arga TD = LHmciar =
End walls W o HxZ = ared TD = UHectar =
Cailing L x W = area = TD = UHmctor =
Flooi T e T RN | | = 1= TO = Lilactor =
Glaes args TD = MHactar =
Subtolel =
% 24 haurs =
Air infiltratlon
 H¥ymhame air changas par 24 hows « wkage feclor « B =
Product knad
Product femparature reduction
Ik spacific hawal = D =
AR P Ik = : spaciiic haal = D -
b=  speacie heal s TD =
Latant heat of Feezing
b = spacific haat = TD =
I = spacific haal « TD =
Heat of mespirafion
Ik = Btu'24-hr heat of maspiration -
b = Btu/24-hr heat of respiration -
Supplemantary load
Walks = hiours = 3.41 Btuh =
hp = hiours = Etub -
paopla hours: = Eiuh =
Subtotal
o, cabaly tmaior

Total 24-hr refrigeration oad
Required houdy compressor capacity based on 16-hr operation
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REFRIGERATION LOAD ESTIMATE FORM
Appdication Fioom:  Halghi "Width
Fioom conditions *F AH Length wioluame
Arnbien conditions *F AH Insulation:  Thickness
Temparmture differance (TO b Type
Froduct load e e e e B
Lights, mofors
Cocupancy, miscellaneoss
Heat transmiseion |oad
Side walls L = Hx2 = aga TD = LHeclor =
End walls Wox HxZ = anea TD = LHectar =
Ceilng Lo W = arsa x TD = UHpctar =
Flogs PP T BT || = ares = TO = Lilacior =
Glass argE ® TO = Llactor =
Subtolel =
® 24 haurs =
Air infiliratlon
IO HE yolume = aEr J;Imrgqs par 24 hows = wsage faelor = Bowi? =
Product koad
Product femparature reduction
Ik specific haal = TD =
Shbat b= : spacific heal = D s
b= _ specific heal = D =
Latant heat of reezing
b = epacific haat = TD =
I = spacific haal = TD =
Heat of respiraion
Ik = Bhu'24-hr heat of raspiration -
b = Btul24-hr heat of respiration -
Supplemantary load
walks = hours = 3.41 Biuh =
hp = hours = EBtuhb -
paopla = hours: = Eiuh =
Subtotal
%, calaby tmaior
Todal 24-hr refrigeration oad
Required hourdy compressor capacity based on 16-hr operation
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REFRIGERATION LOAD ESTIMATE FORM

Appdi cation Fioom:  Height ‘Width
Foom corditions * AH Length Wiolume
Armbiem condiions “F AH Insulation: Thickness

Termparature differance (TO) "F Type

Froduct kead SRR

Lights, motors

Ciocupancy, misce|laneous

Heat tranzmizsion load

Sadia walls L = Hz2 = arga TD = LHmciar =
End walls W o HxZ = ared TD = UHectar =
Cailing L x W = area = TD = UHmctor =
Flooi T e T RN | | = 1= TO = Lilactor =
Glaes args TD = MHactar =
Subtolel =
% 24 haurs =
Air infiltratlon
 H¥ymhame air changas par 24 hows « wkage feclor « B =
Product knad
Product femparature reduction
Ik spacific hawal = D =
AR P Ik = : spaciiic haal = D -
b=  speacie heal s TD =
Latant heat of Feezing
b = spacific haat = TD =
I = spacific haal « TD =
Heat of mespirafion
Ik = Btu'24-hr heat of maspiration -
b = Btu/24-hr heat of respiration -
Supplemantary load
Walks = hiours = 3.41 Btuh =
hp = hiours = Etub -
paopla hours: = Eiuh =
Subtotal
o, cabaly tmaior

Total 24-hr refrigeration oad
Required houdy compressor capacity based on 16-hr operation
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