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FOREWORD

The practice of refrigeration undoubtedly goes back as far as the history of mankind,
but for thousands of years the only cooling mediums were water and ice. Today
refrigeration in the home, in the supermarket, and in commercial and industrial usage
is so closely woven into our everyday existence it is difficult to imagine life without it.
But because of this rapid growth, countless people who must use and work with
refrigeration equipment do not fully understand the basic fundamentals of
refrigeration system operation.

This manual is designed to fill a need which exists for a concise, elementary text to
aid servicemen, salesman, students, and others interested in refrigeration. It is
intended to cover only the fundamentals of refrigeration theory and practice.
Detailed information as to specific products is available from manufacturers of
complete units and accessories. Used to supplement such literature and to improve
general knowledge of refrigeration this manual should prove to be very helpful.

This is the third of a series of publications comprising the Copeland Refrigeration Manual.
Although each separate part covers a specific area of refrigeration theory and practice, each
successive publication presumes a basic understanding of the material presented in the
previous sections.

Part 1 Fundamentals of Refrigeration
Part 2 Refrigeration System Components
Part 3 The Refrigeration Load

Part 4 System Design

Part 5 Installation and Service

The application and design recommendations are intended only as a general guide. The

exact requirements of a given installation can only be determined after the specific design
criteria and desired operating conditions are known.
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Section 12
HEAT TRANSMISSION

The heat gain through walls, floors and ceilings will vary
with the type of construction, the area exposed to a dif-
ferent temperature, the type of insulation, the thickness of
insulation, and the temperature difference between the
refrigerated space and the ambient air.

In catalog and technical literature pertaining to heat
transfer, certain letter symbols are commonly used to
denote the heat transfer factors, and a working knowl-
edge of these symbols is frequently necessary to easily
interpret catalog data.

TRANSMISSION HEAT LOAD — Q

The basic formula for heat transfer through some heat
transfer barrier is:

Q=UxAxTD
Heat transfer, BTU/Hr
Overall heat transfer coefficient
BTU/(hour)(sq. ft.)(°F TD)
= Areain square feet
TD = Temperature differential between
sides of thermal barrier, for
example, between outside design
temperature and the refrigerated
space temperature.

Q
u
A

Q is the rate of heat flow, the quantity of heat flowing
after all factors are considered.

THERMAL CONDUCTIVITY — k

Thermal conductivity, k, is defined as the rate of heat
transfer that occurs through a material in units of
BTU/(hr)(square foot of area)(°F TD) per inch of thick-
ness. Different materials offer varying resistances to the
flow of heat.

For example, the heat transfer in 24 hours through two
square feet of material three inches in thickness hav- ing
a thermal conductivity factor of .25 with an average
temperature difference across the material of 70°F would
be calculated as follows:

.25(k) x 2 sq. ft. x 24 hours x 70° TD
Q= 3inches thickness

=280BTU

Since the total heat transferred by conduction varies
directly with time, area, and temperature difference, and
varies inversely with the thickness of the material, it is
readily apparent that in order to reduce heat transfer,
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the thermal conductivity factor should be as small as
possible, and the material as thick as possible.

THERMAL RESISTIVITY —r

Thermal resistivity is defined as the reciprocal of thermal
conductivity of 1/k. “r” is of importance because resis-
tance values can be added numerically.

Rtotal=r1+r2+r3

Where r1, r2, and r3 are individual resistances. This
makes the use of r convenient in calculating overall
heat transfer coefficients.

CONDUCTANCE —C

Thermal conductance is similar to thermal conductiv-
ity, except that it is an overall heat transfer factor for
a given thickness of material, as opposed to thermal
conductivity, k, which is a factor per inch of thickness.
The definition is similar, BTU/(hour)(square foot of
area)(°F TD).

THERMAL RESISTANCE — R

Thermal resistance is the reciprocal of conductance, 1/C
in the same way that thermal resistivity is the reciprocal
of conductivity.

SURFACE FILM RESISTANCE

Heat transfer through any material is affected by the
surface resistance to heat flow, and this is determined
by the type of surface, rough or smooth; its position,
vertical or horizontal; its reflective properties; and the
rate of airflow over the surface. Surface film conduc-
tance, normally denoted by f; for inside surfaces and f,
for outside surfaces is similar to conductance.

However, in refrigeration work with insulated walls, the
conductivity is so low that the surface film conductance
has little effect, and therefore, can be omitted from the
calculation.

OVERALL COEFFICIENT OF HEAT TRANSFER
—Uu

The overall coefficient of heat transfer, U, is defined as
the rate of heat transfer through a material or compound
structural member with parallel walls. The U factor, as
it is commonly called, is the resulting heat transfer
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coefficient after giving effect to thermal conductivity,
conductance, and surface film conductance, and is ex-
pressed in terms of BTU/(hour) (square foot of area)(°F
TD). Itis usually applied to compound structures such
as walls, ceilings, and roofs.

The formula for calculating the U factor is complicated
by the fact that the total resistance to heat flow through a
substance of several layers is the sum of the resistance
of the various layers. The resistance of heat flow is the
reciprocal of the conductivity. Therefore, in order to
calculate the overall heat transfer factor, it is necessary
to first find the overall resistance to heat flow, and then
find the reciprocal of the overall resistance to calculate
the U factor.

The basic relation between the U factor and the various
conductivity factors is as follows:

1 X1 X2
RTotal= C + k1 + k2

1
U= R Total

In the above equation, k1, k2, etc. are the thermal
conductivities of the various materials used, C is the
conductance if it applies rather than k1, and X1, X2, etc.
are the thicknesses of the material.

© 2024 Copeland

For example, to calculate the U factor of a wall com-
posed of two inches of material having a k1 factor of
.80, and two inches of insulation having a conductance
of .16, the U value is found as follows:

1 Xi
RTotal= C + ki
1 2
=.16 + .80
= 6.25+25=8.75
1 1
U=R Total = 8.75

=.114 BTU/(hour)(sq. ft.)(°F TD)
TRANSMISSION HEAT LOAD

Once the U factor is known, the heat gain by transmis-
sion through a given wall can be calculated by the basic
heat transfer equation.

Assume a wall with a U factor of .114 as calculated in the
previous example. Given an area of 90 square feet with
an inside temperature of 0°F, an outside temperature of
80°F, the heat transmission would be:

Q =UxAxTD
114 x 90 sq. ft x 80°TD
=812 BTU/hr

The entire heat gain into a given refrigerated space can
be found in a similar manner by determining the U
factor for each part of the structure surrounding the
refrigerated space, and calculating as above.
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VALUES OF THERMAL CONDUCTIVITY FOR BUILD-
ING MATERIALS

Extensive testing has been done by many laboratories
to determine accurate values for heat transfer through
all common building and structural materials. Certain
materials have a high resistance to the flow of heat (a
low thermal conductivity) and are therefore used as
insulation to decrease the heat transfer into the refriger-
ated space. There are many different types of insulation
such as asbestos, glass fiber, cork, reflective metals,
and the new foam materials. Most good insulating
materials have a thermal conductivity (k) factor of ap-
proximately .25 or less, and rigid foam insulations have
been developed with thermal conductivity (k) factors as
low as .12 to .15.

Heat transmission coefficients for many commonly used
building materials are shown in Table 4.

Table 4

OUTDOOR DESIGN DATA

Extensive studies have been made of weather bureau
records for many years to arrive at suitable outdoor
design temperatures. For air conditioning or refrigera-
tion applications, the maximum load occurs during the
hottest weather.

However, it is neither economical or practical to design
equipment for the hottest temperature which might ever
occur, since the peak temperature might occur for only
a few hours over the span of several years. Therefore,
the design temperature normally is selected as a tem-
perature that will not be exceeded more than a given
percentage of the hours during the four month summer
season. Table 5 lists summer design temperatures,
which will be equaled or exceeded only during 1% of
the hours during the four summer months.

TYPICAL HEAT TRANSMISSION COEFFICIENTS
(Extracted from ASHRAE Handbook of Fundamentals,
Reprinted by Permission)

Conduc- Conduc- Resistance (R)
Density tivity tance
Material Ib/cu.ft. k C Per In. Overall

BUILDING BOARD

Asbestos-Cement Board 120 4.0 .25

Gypsum or Plaster, 1/2" 50 222 A45

Plywood 34 .80 1.25

Wood Fiber, Hardboard 50 73 1.37
BUILDING PAPER

Felt, Vapor-permeable 16.70 .06

Plastic Film, Vapor-seal Neglibile
FLOORING MATERIALS

Tile, Asphalt, Vinyl, Linoleum 20.0 05

Wood Flooring, 3/4" 147 68
INSULATING MATERIALS

Fiber Glass Blanket 0.5 32 3.12

Expanded Urethane, R11 1.5 16 6.25

Expanded Polystyrene 1.8 16 6.256

Insulating Roof Deck, 2" 18 5.56

Mineral Wool Loose Fill 2.0-5.0 40 25

Perlite, Expanded 5.0-8.0 .36 278

Cellulose, Paper 3.0 .30 33

© 2024 Copeland
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Table 4 (Cont))

TYPICAL HEAT TRANSMISSION COEFFICIENTS

Conduc- Conduc- Resistance (R)
Density tivity tance
Material Ib/cu.ft. k C Per In. Overall

VMASONRY MATERIALS

Concrete, Sand & Gravel 140 9.0 1

Brick, Commaon 120 5.0 20

Brick, Face 130 9.0 11

Hollow Tile, 2 cell, 6 .66 1.52

Concrete Block, Sand and Gravel, 8" .20 1.11

Concrete Block, Cinder, 8"' .58 172
I00FING

Shingles, Asbestos-Cement 120 476 21

Asphalt Roll Roofing 70 6.50 156

Roofing, Built Up, 3/8" 70 3.0 33

Shingles, Wood 1.06 94
HDING

Plywood 3/8" 1.69 59
NOODS

Maple, Oak, Hardwood 45 1.10 a1

Fir, Pine, Softwood 32 80 125
CONCRETE SLAB, 6

Uninsulated 21
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(Design dry bulb and wet bulb temperature represents temperature equalled

Table 5

SUMMER OUTDOOR DESIGN DATA

or exceeded during 1% of hours during the four summer months))
(Extracted from 1981 ASHRAE Handbook of Fundamentals, Reprinted by Permission)

Dry Bulb Waet Bulb Dry Bulb Wet Bulb
Location °F. oF. Location °F. °F.
ALABAMA GEORGIA
Birmingham 96 74 Atlanta 94 74
Mobile 95 77 Savannah 96 77
ALASKA HAWAII
Fairbanks 82 62 Honolulu 87 73
Juneau 74 60
IDAHO
ARIZONA Boise 96 65
Phoenix 109 71
Tucson 104 66 ILLINOIS
Chicago 94 74
ARKANSAS Springfield 94 75
Fort Smith 101 75
Little Rock 99 76 INDIANA
Fort Wayne 92 73
CALIFORNIA Indianapolis 92 74
Bakersfield 104 70
Blythe 112 71 IOWA
Los Angeles 93 70 Des Moines 94 75
San Francisco 82 64 Sioux City 95 74
Sacramento 101 70
KANSAS
COLORADO Dodge City 100 69
Denver 93 59 Wichita 101 72
CONNECTICUT KENTUCKY
Hartford 91 74 Lexington 93 73
Louisville 95 74
DELAWARE
Wilmington 92 74 LOUISIANA
New Orleans 93 78
D.C. Shreveport 99 77
Washington 93 75
MAINE
FLORIDA Portland 87 72
Jacksonville 96 77
Miami 91 77 MARYLAND
Tampa 92 77 Baltimore 94 75

© 2024 Copeland
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{Design dry bulb and wet bulb temperature represents temperature equalled

Table 5 (cont)

SUMMER OUTDOOR DESIGN DATA

or exceadad during 1% of hours during the four summer months.}
{Extracted from 1981 ASHRAE Handbook of Fundamentals, Reprinted by Permission)

Dry Bulbh | Wet Bulb Dry Bulb | Wet Bulb
Location . °F. Lacation “F. “F.
MASSACHUSETTS NEW MEXICO
Boston LB 73 Albuquerque 86 61
Worcester 87 " Santa Fe G0 61
MICHIGAN NEW YORK
Detroit LD | 73 Albany 91 73
Grand Rapids 91 72 Buffalo 88 71
Mew York a2 74
MINNESOTA
Duluth BS 70 NORTH CAROLINA
Minneapolis 9z 75 Charlotte 45 74
MISSISSIPPI MORTH DAKOTA
Biloxi 94 ] Bismark 95 &8
Jackson a7 76
OHIO
MISSOURI Cincinnati 9z 73
Kansas City 99 76 Cleveland a1 73
St. Louis 97 75
COKLAHOMA
Tulsa 101 74
MONTANA
Billings 94 &4 OREGON
Helena 2| &0 Fendleton 97 65
Portland 90 68
NEBRASKA
Cmaha a4 76 PEMNSYLVANILA
Philadelphia a3 75
NEVADA Pitteburgh 89 72
Las Vegas 108 E6
Reno a5 B1 RHODE ISLAND
Providenca 89 73
NEW HAMPSHIRE
Concord g0 72 SOUTH CAROLINA
Charlaston 94 78
MNEW JERSEY
Mewark 94 74 S0UTH DAKOTA
Trenton a1 75 Sioux Falls 94 73
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Table & (cant.)

SUMMER OUTDOOR DESIGN DATA
[Design dry bulb and wet bulb temperature reprasents temperature aquailed
or exceeded during 1% of hours during the four summer months,)

[Extracted from 1981 ASHRAE Handbook of Fundamentals, Reprinted by Parmission)

i Dry Bulb | Wet Bulb Dry Bulb | Wet Bulk
| Location °F, °F. Location °F. °F,
TENMNESSEE | CAMNADA
Memphis a8 77
MNashvilla a7 75 ALBERTA,
Calgary 84 63
TEXAS | i
Dallas 102 75 BRITISH COLUMBIA
El Paso 100 64 Vancouver 14 &7
Galveston 90 79 I
Houston 7 77 I MANITOBA
: Winnipeg 89 73
UTAH L |
Salt Lake City a7 62 | MNEW BRUNSWICK .
I St. Jahn 80 g7 !
VEAMONT i
Burlington 88 72 NEWFOUNDLAND |
{ Gander 82 66
VIRGINIA
Richmond 95 76 NOVA SCOTIA
Roanoke a3 Te Halifax 78 66
WASHINGTON ONTARIO
Seattle B4 68 Toronto a0 73
Spokane 83 64 :
Yakima 36 65 + QUEBEC |
Maontraal | 86 71
WEST VIRGINIA .
Charleston 92 T4 SASKATCHEWAN |
Regina a 89 |
WISCONSIN |
Milwaukea a0 T4 YUKON
5 Whitehorse 80 59
WYOMING
Cheyenne 89 58
— - Y L
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ALLOWANCE FOR RADIATION FROM THE SUN

The primary radiation factor involved in the refrigeration
load is heat gain from the sun’s rays. If the walls of the
refrigerated space are exposed to the sun, additional
heat will be added to the heat load. For ease in calcu-
lation, an allowance can be made for the sun load in
refrigeration calculations by increasing the temperature
differential by the factors listed in Table 6.

This table is usable for refrigeration loads only, and is
not accurate for air conditioning estimates.

RECOMMENDED INSULATION THICKNESS

As the desired storage temperature decreases, the
refrigeration load increases, and as the evaporating
temperature decreases, the compressor efficiency
decreases. Therefore, from a practical and economic
standpoint, the insulation thickness must be increased
as the storage temperature decreases.

Table 7 lists recommended insulation thickness from
the 1981 ASHRAE Handbook of Fundamentals. The
recommendations are based on expanded polyurethane
which has a conductivity factor of .16. If other insula-
tions are used, the recommended thickness should be
adjusted base on relative k factors.

TABLE &

ALLOWANCE FOR SUN EFFECT

{Fahrenheit degrees to be added to the normal temperature difference
for heat leakage calculations to compensate for sun effect —
not to be used for air conditioning design)

Type of Surface

East wall

S i

West wall —|

South wall Flat roof

Dark colored surfaces,
such as
Slate roofing 8
Tar roofing
Black paints

Medium colored surfaces,
such as
Unpainted wood
Brick 6
Red tile
Dark cement
Red, gray or green paint

Light colored surfaces,
such as
White stone 4
Light colored cement
White paint

20

15

© 2024 Copeland
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QUICK CALCULATION TABLE FOR
WALK-IN COOLERS

As an aid in the quick calculation of heat transmission
through insulated walls, Table 7A lists the approximate
heat gain in BTU per 1°F. temperature difference per
square foot of surface per 24 hours for various thick-
nesses of commonly used insulations. The thickness of
insulation referred to is the actual thickness of insulation,
and not the overall wall thickness.

For example, to find the heat transfer for 24 hours through
a 6’ x 8 wall insulated with 4 inches of glass fiber when
the outside is exposed to 95°F ambient temperature, and

the box temperature is 0°F., calculate as follows:

1.9 factor x 48 sq. ft. x 95°TD = 8664 BTU

Table 7

RECOMMENDED
MINIMUM INSULATION THICKNESS
Based on k factor of .16

e

Insulation Thickness, Inches
Storage S £

. i e T
Temperature MNorthern U.5. |Southern U.S.

50 to 60°F
40 to 50°F
25 to 40°F
15 to 25°F
0to 15°F
=15 to 0°F
—40 to —15°F

2

;Mmoo W WM R =
[ TR - S O % T S O ]

Table 7A

QUICK ESTIMATE FACTORS

For

HEAT TRANSMISSION THROUGH INSULATED WALLS
BTU per 1°F. TD per sq. ft. per 24 hours

Insulation

Inches of Insulation

6 7 8 9 10 1 12

k factor approx. .16 182 128 96
Expanded Polyurethane,
Expanded Polystyrene

a7

B4 | 55 | 48 | 43 | 38 | 35 | 32

k factor approx. 32 3B |26 |19
Glass fiber,
Mineral Woaol fill
and board.

15

1.3 1.1 86 | 86 | 96 | JO | 64

© 2024 Copeland
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SECTION 13
AIR INFILTRATION

Any outside air entering the refrigerated space must
be reduced to the storage temperature, thus increas-
ing the refrigeration load. In addition, if the moisture
content of the entering air is above that of the refriger-
ated space, the excess moisture will condense out of
the air, and the latent heat of condensation will add to
the refrigeration load.

Because of the many variables involved, it is difficult to
calculate the additional heat gain due to air infiltra- tion.
Various means of estimating this portion of the
refrigeration load have been developed based primarily
on experience, but all of these estimating methods are
subject to the possibility of sizable error, and specific
applications may vary widely in the actual heat gain
encountered.

AIR CHANGE ESTIMATING METHOD

The traffic in and out of a refrigerator usually varies with
its size or volume. Therefore the number of times doors
are opened will be related to the volume rather than the
number of doors.

Table 8 lists estimated average air changes per 24 hours
for various sized refrigerators due to door openings and
infiliration for a refrigerated storage room. Note that
these values are subject to major modification if it is
definitely determined that the usage of the storage
room is either heavy or light.

AIR VELOCITY ESTIMATING METHOD

Another means of computing infiltration into a refriger-
ated space is by means of the velocity of airflow through
an open door. When the door of a refrigerated storage
space is opened, the difference in density between cold
and warm air will create a pressure differential causing
cold air to flow out the bottom of the doorway and warm
air to flow in the top. Velocities will vary from maximum
at the top and bottom to zero in the center.

The estimated average velocity in either half of the door
is 100 feet per minute for a doorway seven feet high at
60°F. TD. The velocity will vary as the square root of
the height of the doorway and as the square root of the
temperature difference.

For example the rate of infiltration through a door 8 feet
high and 4 feet wide, with a 100°F. TD between the
storage room and the ambient can be estimated as
follows:

© 2024 Copeland

V8 1100
Velocity=100FPMOJ V7 V60
2.83 10
=100 (J] 2.650] (J1 7.74
= 138 FPM

Estimated rate of Infiltration

138 FPM x 8 ft. x 4 ft. = 2210 cu. ft per min.
2

Infiltration velocities for various door heights and TD’s
are plotted in Figure 67.

If the average time the door is opened each hour can
be determined, the average hourly infiltration can be
calculated, and the heat gain can be determined as
before.

Table 8

AVERAGE AIR CHANGES PER 24 HR.
FOR STORAGE ROOMS DUE TO DOOR
OPENINGS AND INFILTRATION

Volume Alr Changes Volume Alr Changes
eu. ft. par 24 hr. ew. ft. per 24 hr.
Above Balow Above Balow
3ZF 32F 32F 32F
200 44.0 335 6,000 6.5 5.0
300 245 6.2 8,000 55 43
400 285 25 10,000 4.9 as
500 6.0 200 16,000 %] an
GOD x3.0 180 20,000 35 26
a0g 20.0 153 25,000 30 23
1,000 175 135 30,000 27 21
1,500 14.0 110 40 000 2.3 1.8
.00 12.0 a3 50,000 20 16
3 000 9.5 74 76,000 18 1.3
4000 8.2 63 100,000 14 1.1
5000 12 58

Mota: For hoavy usage multiply the above values by 2.
For long storage multiply the above values by 0.6,

From 1881 ASHRAE Handbook of Fundamantals,
Reorintad bw Parmission
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VENTILATING AIR

If positive ventilation is provided for a space by means of
supply or exhaust fans, the ventilation load will replace
the infiltration load (if greater) and the heat gain may be
calculated on the basis of the ventilating air volume.

INFILTRATION HEAT LOAD

Once the rate of infiltration has been determined, the
heat load can then be calculated from the heat gain per
cubic foot of infiltration as given in Table 9. For ac-
curate calculations at conditions not covered by Table
9, the heat load can be determined by the difference in
enthalpy between entering air and the storage room air
conditions. This is most easily accomplished by use of
the psychrometric chart, which will be discussed in
detail in a subsequent section.

Table 9

HEAT REMOVED IN COOLING AIR TO STORAGE ROOM CONDITIONS
(BTU per cu. ft)

Tamperature of Dutside Air, F
m“l“ Pl SHE BS a0 a5 100
tamp e DT
F Relative Humidity, Parcant
50 1] 50 [ 18] 50 (] 50 [— &0
&5 45 k4 b.Ea o 083 120 1.1 151
&0 ES MBS =L 1.12 114 141 1.42 1M
531 Y1) 104 .08 ) | 133 1560 TEY Lk
&0 103 122 1.26 : p . |I .
45 1.18 138 143
a0 1.35 1565 1.58
35 160 170 174
an 1,64 1.84 1488
Tamperatura of Outside Air, F
Storage room 40 &0 0 4 100
temp AL
3 Ralative Humidity, Percant
Pl B0 T Bo -1 ] E L] 50 G0
25 0.3% 043 0ES o.75 202 .24 254 2.B4
20 .53 0.58 082 LR ] 2.5 238 B8 297
16 0.65 585 04885 .01 228 .50 280 30
il 0.7 gz 1.08 i.14 240 TE3 .53 322
] 0.8 084 120 1.28 252 275 3.05 334
L] 1.1 106 13 1.38 264 1 BB a4 348
-5 1.13 117 143 143 76 Z.98 3.24 3.58
=10 | 1.24 1.289 155 1.61 2488 110 340 3.70
=156 | 136 141 1687 1.73 289 3122 352 3a
=20 148 1.52 1.78 1.85 ERD 134 384 343
=15 16D 164 1.540 187 3.23 345 a7s 405
=30 172 1.76 103 0% 335 358 388 417
Frosm 19R% ASHAAE Handnoow of Fsndamantsis Recrintsd by Peerrssion
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SECTION 14
PRODUCT LOAD

The product load is composed of any heat gain occur-
ring due to the product in the refrigerated space. The
load may arise from a product placed in the refrigerator
at a temperature higher than the storage temperature,
from a chilling or freezing process, or from the heat of
respiration of perishable products. The total product
load is the sum of the various types of product load
which may apply to the particular application.

TABLES OF SPECIFIC PRODUCT DATA

The following tables list data on specific products that is
essential in calculating the refrigeration product load.
Table 10 covers food products, Table 11 solids, and
Table 12 liquids.

HEAT OF RESPIRATION

Fruits and vegetables, even though they have been
removed from the vine or tree on which they grew, are
still living organisms. Their life processes continue for
some time after being harvested, and as a result they
give off heat. Certain other food products also undergo
continuing chemical reactions which produce heat.
Meats and fish have no further life processes and do
not generate any heat.

The amount of heat given off is dependent on the
specific product and its storage temperature. Table 10
lists various food products with pertinent storage data.
Note that the heat of respiration varies with the storage

temperature.
Table 10
FOOD PRODUCTS DATA
Average l SP ki, Bluf (Ib] IF deg) Latunt Heat of Respiration
Freezing Percent Heat of Brtu per (24 kel [fon}
gl Point Water Above Below Fusion o Temp. Indicated
F | Freezing Freezing Bra/ib "E BTU
VEGETABLES |
Astichgkes 9.1 BT .87 0.45 120 &0 10,140
Asporegus 9.8 53 0.54 G.48 134 40 | V70023100
Beons, tlring FL 889 0.8 i 0.47 128 riil @F00-11400
Beans, Lima 3o &5.5 0.73 040 o4 40 4300-4100
Bwons, dried 12.5 .30 | 024 B
Bea's na 874 .70 | 44 124 a2 2700
| 40 4100
Broceali 9.2 9.9 0.52 | 047 130 40 | 11,000-17.000
Bryssels sprevh n B4.9 0.88 1 T 112 40 i G600-11,000
Cabbage 3.2 924 0,94 0.47 132 40 1 700
Carrats 9.8 Ba.2 0,50 g 118 32 2150
{ 40 3500
Caulill gwer 30.1 9T 083 047 .l 132 40 4500
Celery 9.7 3.7 | 0.95 oLad 135 3 1400
40 2400
Cern {gween} 28.9 755 | o7 0,47 108 37 | 7200.11,300
40 | 10E00-13.200
Corn [dried} | 16.5 0.28 0,22 15
Cucumbers 0.5 w81 0.&7 D.&9 137
Egaplent i 0.4 L 054 LY 132
Endive [escarale] | ine 23.3 0.594 0.48 132
Horseradish 8.4 Fi.4 .78 0.42 104
Kele 30.7 Bb.6 082 048 124
Kohlrabi 30 g0 0.9 0.47 128
Lettuce n.: 4.8 0.94 0.48 136 az 2300
Al 2700
Mushroem: 30.2 2. 0.93 D47 138 3% &200
50 22,000
CHlivei 8.5 75.1 0.BQ | 0.42 168
(=TT H a0.1 B7.5 .90 1 0.4& 124 az FOO-1100
i 40 1800
© 2024 Copeland 18 www.copeland.com
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Table 10 {cont.)
FOOD PRODUCTS DATA

Avwragn SP ki, Biuf 1B} IF deg) Latent Heot of Respiration
Framaing Percens Heat of Biu per (24 hel lion)
Sxes Paint Woter Absve Below Fesian ot Temp. Indicared
F Frenzing Freszing Bruflb ¥ '|' BIU
Parsnipa 8.9 Fi.& 084 dd 1z |
Peas (green) 30 74.3 a.re 043 104 40 | 13,100-14,000
Peas {deied) §.5 028 o072 14
Fepport [yvwoel) 3o #3.4 0.94 0.47 132 40 4700
Patotoes [while) e Fr.a (LR i .43 1 A0 1300-1800
Patotoss [swesd] 8.5 &0.5 0.7 .40 L 40 171g
Pumphin il N} 0.5 092 .47 130 |
Radisken ama L= o.ws .48 134 '
Rhuw b 6.4 4.9 0.9 0.48 134 !
Saverkraw FL] By ooz 0.47 2%
Spinoch 0.3 1.7 0.94 .48 132 oD 8005
Squash EL R 70,5 0.2 047 130
Tamaloes [grasn] a4 4.7 0.3 0,48 134 &0 4230
Tomatoes [ripening] 0.4 il 0.85 0.48 134 a0 1240
Turnips 0.5 o.@ 0.e3 o.47 130 it 1900
| F 2200
Yegelabics [mized) 30 | %0 050 0.45 130
MEATS ARD FISH
Bacon 10 0.50 0.30 HL ]
Beaf [dried) 5-15 0.22-0.34 0.19-0.2& F-22
Bzel [fraah-lean) » &8 0.F7 040 | 100
Beef [fresh-fat) Fi-| 2.60 0.3% 1 e
Beined meals 075
Cod fish [freih) 28 0.90 0.4% e
Cul masts fa 65 o.r2 0.40 w5
Fish [frozen) Fi FO 074 0.41 iLill
Fich ficed) | 70 0.74 041 101
Fish [ceimd) 0.54 0.34 &5
Hami aad leins 7 1] D58 0.38 B4.5
Lamb bl 58 0.67 0.30 83.5
Livars ki d 455 o.rz 040 93.3
Orystar [sthall} 7 20.4 0.83 0.44 14
Oyshers [tub) 7 87 020 046 125
Pork [freih} 18 &0 0¥} ] 0,38 6.3
Pork {sevoked) &7 080 0.32
Pouliry {iresh]) r 4 o 0,27 106
Poultry {Irocen) 27 74 o079 0.37 108
Sauroge [cosings) 040
Sauiags [drying) 14 855 08¢ o.54 93
Sousmge [franks} FL 40 [+ .10 .56 L0
Sousage (frash| 28 &5 0.8% 0.56 3
Sousoge [smaked) 28 &0 [ 1 0548 ] 1
Scallops 28 0.3 [F: 1 n48 118 |
Shiimp 28 70,8 0.8 0.45 ne H
Yeal FH &3 0.7 .37 ¥
MISCEOLLANEQUS
Banr 8 LF] 1.0
Brood 12-37 [+ 3] 0.34 Af-53
Breod [dowgh} 58 0.75
Butiber 400 5 Lil.T 0.4 5
Candy 0.93
Caviar [wb) 0 55 40 330
Chems [Amarican) 17 40 0.44 0.34 ™ 40 4580
Cheose {Commnbr] i1 B0 070 040 aa 40 4930
Cheese [Limburges] % 55 Q.70 040 LL 40 4010
Chaein [Boguelo) 3 55 045 032 el a5 4000
Cheese |Swis) 15 55 0,54 0.34 il 40 s860
Chocolote [coating) $5.85 a5 0.30 0.55 40
Cream [40%) 2 71 o84 .40 o0
Eggs [orated) 27 0.76 0,40 (1)
Eggs [frozen) 27 .41 o0
Plour 13.5 0.38 018
Flewars [cul] 31 480 3q. f. Foor Area
Furs——Wooless O £0
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Table 10 (eont.)
FOOD PRODUCTS DATA

Aveioge SF hi, Brufilb) CF degl Lavtent Heat of Respiration
Pradoit Fiecaing Perient Heal of Biu per (24 hel [ton)
e Paint Wt Above Below Fusion |__ot Temp. Indicoled
F Fracting Freesing Biufll °F BTU
Honey 18 0,35 0,76 24 40 1428
Haops 15 1500
lee coeam 70 58-44 .78 43 94
Larg 0.52
el 50 1500
Maple sugar 5 0,34 a.21 ) 45 1420
Maply 1yrep 3 0.49 0.3 52 45 1470
i k] 875 0.93 0.4 124
Moty {eried] 3=10 0.2%.0.2% Ot S0 24 4.3.74 35 1000
Cleamargarine 15.5 0.32 025 22
Tobucoo end cigars 15
Tenyl Fiall-] oF7 i R 103
FRUITS :
Apples 6.4 B4.1 | oae 0.4 121 3z 130
! i a0 1433
Agricats 8.1 |. E5.4 0,38 .44 122
Avacodaei 7.2 o4 (PR | D.4% 136 &0 V320039700
Banamss B H 74.E G.AD .42 0% &8 B40Q-9200
Blackbarries 8.9 I| &5.3 D88 D& 122
Blueberrios i 8.5 813 [.gd i E 118 iz 1300-2200
Cantalowpes | i 3.7 | 0.4 ode 132 40 2000
&0 B300
Cherries i 24 E3 D.aF .45 E 120
Cranberrlas i7.3 §7.4 Q.70 0.4 | 124
Cuerants | 0.2 547 0.28 045 i 120
Dates fdryd : — 4,1 0 034 0.24 i
Dates [fraih] i7a 78 0.8z D42 | 12
Figs {fresh] ' F | 7B 0.8 Q.43 112
Figs [dried) i 24 0.39 | 0.37 | 34
SGeoscherres 8.9 183 0,790 | Q.44 1 124
Grapairuil | i8.4 ig.g a.91 D48 (=1 a2 L&D
k A0 1670
Gerapara 4.3 El.F [ N:F] O.dd 114 15 230
Haray Dew salon 0 | w26 0.4 D.40 132 40 100
Lomens 18.1 i 9.3 i 6.0 D.dé 127 40 ELL)
| &0 2070
Llimas b1l & 1 -1 . Q.48 122 40 10
40 1970
Mangasd 1z 23 R [ D.46 1324
Masimings ki 2.9 .50 H D 119
Trenpes I8 ar.z .50 | D46 124 an g |
40 1400
Paachas o4 - [o%-3 0.9 | D48 124 12 11
4D 1735
Paari i85 33.5 .25 045 118 32 Fr
Feriim mon i8.3 Fa.2 0.84 O3 1z
fineopples iv4 333 048 CL43 123
Flums ] a7 088 045 121
Fomegranaies 8 bt s 0.87 C.4d 112
Prunes {lresh] a8 Lt 0.08 045 123
Gl e 1.1 353 ' .48 CA45 122
Raoipbarrias o0 -] | 0.85 1 045 122 40 ERO0-B500
Er 40 | 18,100.22,300
Strowben ies rh A 0 092 H 047 1 12%
Tangetines |0 B7.3 2.1 1 o510 { 124 iz 3965
| 40 5845
Watermelons M. gz .97 0.48 i 132 i

IEabi teed from 1547 ASHEAE Mardbsek of Fusdemsrfali. Erarinted by Persiaaion]
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Table 11

PROPERTIES OF 50LIDS

Specific Heat

Thermal Condulivity®

MHoms or = =i = Spacific -
rmp
Deciption "m' .:F Gravity E k
Aluminum 0226 100 1.55.2.80 iz 1220
Aluminun broaze T
Alundum 186 ni2
Abeilos .25 0.47-0.98 2.1.1.8 ¥ 0.0%
Asphealt 0.3-0.4
ivthes 0.20 044072 11 0.4 1
Bakelite 0. 304
Brickwark [ 3 | B5-2.00 7o 0.33-0.927
Brass, red o.0EPer Iz Bd-0.7 a2 7.5
Brows, yeligw o.0BR3L iz B.4-8.7 3z 474
Bismuth tin 0.040 | &4 IT. &
Bell metal .00 59-108.4 !
Ergnze o104 Fa-nsh |
Coadmivm 00548 B85 &4 517
Corban [gae relort] .204
Cordboard 01.0.2
Cellulose 0,32
Comenl, Porlhand clinker RT3 1.5-2.4 o.oT
Chameal {wond) 0247 0.7a8.0.57 L 005
Chrams brick oaF
Cloy 224 1.18
Conl 0.26.0.37 0.45-1.8
Cool tors 0.35 104
Coal lar oily 0.34 ELSET]
Coke 0245 69 B-75F 1014 i1 0. 104
Concrete [dhans) 0158 Fo0-213 1.5-2.4 0.5-0,.75
Copper [cosi rolled) B.3-8.9 a3 1240
Cryalite 0253 &0.B-131
Chaik E2NE 1.8-7.8 048
Cork (granuvlated rolled) G483 0.22-0.24 24 0.028
Cotion ([llox, hemp) 1.47-1.30 31 0033
Caotton  [waal) 0.0l
Diapmpnd ol4r
Earth {dry ond pocked) 1.5 [locse) 33 0,035
100 0.03%
Fal L] 0032
Fireclay Brick DLi1gE 12
Fivaripor o L1
Glags {crown) oLl6-0.2 2427 0.333-0.5
ik} oz 1.2-4.7
{pvres) 0.20
feiliabal IER-0.2 31.212
{wool ) alsr
{ramman) 1.40-3.00
Grophite {powder} [ R Y31 Fa.B-158.8 104 Q.104
Graphile Q.20 GB-¥12 .47 1.6-2.32
Grpiwm 0,259 &0.B-114.8 2.3-1.8 48 0.23
German ailver 0.0%a8 iz-nz B.58
CGarnst Q1758 40.8-212
Gald 0.0308 19.25-19.2 LT 16%9.4
e Q.350 —ni 088092 12 1.28 [waler}
low 0.4 34 — 14 1.35
lew 0445 — 4 — 1.4t
lee a.487 az - 23 147
lee L] 1.538
India rebber |para) 0431 =148
Iran (groy cosf) a.am FO3-7.13 129 276
21
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Table 11 {cont.)
PROPERTIES OF SOLIDS

e
Wi — 1*I!o-pr«lllll: Hgat '_‘_ Spacific - Thermal Ceonducivily
L] om
Deserl ption o deat 5 Gravity L k
lran {<ast pig) r.2
lror  {wrought) f.&.0.9 [T} 4.9
Lead 0.030 1,34 -2 0.1
limedtone a.217 52212 2.1-2.8 0.3-0.75
litharge 0.055
Leather 0L86-1.02 0.092
Linen 0.05
Markle L | 64,4 2.4-1.8 1.21.7
Mangonese 747
Mognesia 0.234 22 0,04
Magmatibe Brick 0,222 2 0.9-2.5
Menal mebal 0.127 68.2372 a.g7
Mica oo &8 044
Mickal 0.103 89 éd 344
Mickal stwel o108
Paper 0.324 QFd-1.15 0.075
Paralin 0.6939 11.48 0.7 .0 -1 0.145
Flotinum [cast] 21.5 &d 40,2
Poreelain 0.22 319 0.945
Pyrites [copper) 0131 &d.2.122
Pyritas [iren) G136 50-108.4
PFlaster [rough lime) 0.25-0.0%
Sowdust o.21 1] 0.042
Rock salt 0.21% 554113
Rubbear [goods) 0.43 1.0-2.0 100 0.92
Solipeter 1.07F
Sond 0.191 1.9 L 0.184
Silicw 0.
Stew! Jeald deawn] 0.12 7.B3 32 8.0
Stone 0.2
Silver [cost) 10.4-10.4 a4 244.0
Snow ([frush Tallem) 0,125
Tin [eaot) 0.053 7275 2] 378
Tungilen 0.034 19.22
Tor {(bituminous) 1.20
Wotd [sak) 0570 0.635-0.24 0.085-0.125
mosl woods wary betwesn 0.45.0.63
Ash 0.55.0.71
Fir 065 0.40 B 0.094
Elrm | 056
Hickary | 0.74-0.80
Mahogany 0.56-0.85
Mople 0.53.0.68 Bé 0.0%2
Fine &7 043067 B 00650085
Spruce a5
Walnut 0.5%
Woal 1,23 B 0.032
Zinc Leasl] kA 3z 3.0

*HMada: & = BTU par {he.d [sg f1.] (F deg par fi).
Specilic Grovity = Rofio of densily [pownds per cubic fool) lo thol of water [62.4 pounds per cubic fool)
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Table 12
PROPERTIES OF LIQUIDS

.

En- Specific Gravily Thermsal
— Specific Heat Viscosity s m:;:p or Density (d) | Cenductinity®
s paint | L Paint af
aripten £ el Ml | reme. | comtic | Temp. F Fusien [Tamp.| thfcu 1 o | Teme.
Biuflb| iF degl F peicss | F Bl - F . E
Acetoldehyde ap.ad FEEH 0,375 a1 —190.3
Acalic ocid 7453 17a0| o522 | Fee-i03 1040 | 2& £2.00 7T 0.09% a8
Armbone 132.98 | 2230 D506 a2 | 203 41.1 ak A4 (d) 0age | 7788
Allyt alahol Fod b 1910 | 0445 |497.0.204.8 1.148 | &b = 2002 g.1aa Fr-A6
Amyl aleahol FEOL.22 FAE-X 1 1 =10%.3 48.0 0.0 4 Hé
Ammadio 1009 17 | od 5 0,29 584
Alzahal-elbhyl TFEP4 | J&E%| D548 o 1.2 1. | 74 28 45,4 a.7ae
Alcahol-metkyl 148,44 | 472.0| 04604 T ] 0596 1] 1426 3.4 a9.7%8
Aniling &43.1 1?80 | D314 &0 4447 -1 4 10.77 48.& a2 LERTE 1
Banzal 0.340 1] 0547 | Ha 550
Beneane 1 7418 Taf.0 | 54,4 ¥ 54.1(d}) 0.0%3 B&
Bromino 137,84 aé.4| G207 13-45 .91 B %15 a2
Butyl -aleahal FEER L 540 ©.587 w118 —139.44 54.0 Q.0%7 Bé
Bulyric weid 326.3 20507 0513 0100 1.304 | Ba 4+ 2.0 54.2
Colcium chloride brine 0764 5 a 114
O.787 &8 -1 T4 FO% 0.3 B
0,495 44 -4 1.20 15% U.Jq &
0,715 &8 B 1.20
451 - —d 114
0,476 1] 1 1.24
Carbalic acid 35005 0.5561 | 57.2.78 8 51,2 | sv s0,71(d}
Carban dislide 115,27 | 151.3| 0.240 48 0.351 | B8 — 149,24 T3 BO.&[d] 0,003 LT
Corban fetrochloide 14%.14 Bi.3| 0.1 48 0.848 B — 204 F4.8 g 107 it
Chlaralorm 142,18 10460 0.224 9 0519 B — 2.3 1.50 0080 B
Copper wllate D448 58
0950 AT
0975 50
Diphenylaming E75.6 D444 125 127.36
Decone 345.2 108.2[ C.500 0-30 0.77 T4 — 323 844 0.085 B
Dow Carning 500 1.
I0a 4
IFT &
A6
Eibyl gther o R 152.0| 0.529 az 0.223 a4 —176.8 404 Q.74 o.08 B
Eikyl meetote wo.re 1;2.1.5 0.475 &8 —118.84 5. Q.10 | aa
(32 F)
Ethyl nloabaol 171%4 | 367.0| 0.548 3z FrR" .10 53
Etkyl bromide 1.2 | Toeo| 0.215 59.48 0,348 34 = 182.3
Ethyl shharde 51.904 | 164.5| 0,247 ia — 217 .44
Ethyl iodide 161.78 B3] G.al &8 0.540 | 8s -143.3 0.044 104
Ethylenwe Bramide 6904 | B3.0( €7 4B 1475 | 2a S0.008
Eihylenag chiloride 182 .64 1390 0.39% &8 0.734 LT = 31
Ethyiane glycol 1844 | a0 0153 a2
Feamic @gid 344 | 216.0) Q.52 AR.212 1.46 B A7 AT | 1044
Glycarine 554 0.575 ) A%.120 | 830.0 &E. 54 &4.58 B5.6
Glycerel 555.08 07.0 [ ad.4 855 0. 164 a8
Gasgling 158.194 0.3 31-21% .73
Hapraae 0902 | 17} 0490 Il 0375 | B — 13108 B0.6 0,081 T
Hewane T55.6 1435 0.800 1] 0.294 13 —13% &£5.0 0.030 =1
Isabutyl alcakbal 124,42 | 246.0
Egrasing Q.3 32212 O.78-0,82 0084 48
Ifnseed oil EER 86 0,925
sethyl acetole 134.78 176.5| D448 5w - dd A%
Eathyl odide 10814 338 D440 1] - BA.PR
Muphrhalere 4244 138.C| 0.39& 185 176.394 | &40
Hitrobenrele 0,350 54
Mitric odid 18s.8 — dlG 17.15 0 8 =150
Mitrebirneang a11.42 | 143,32 0350 572 43.53 40,5 1 O K a4
Nonana 302 0.503 | 32737 | 0.6 | 72.14] — 8486 | 0.084 | 88
Oiiis
Canter 5 0,434 4510 1] 9 40,3 (d) 00104 1
Citrgn 0.438 A2
il lve 0,471 T 54.0 54 9 0,004 0.0e7 i
Sesome 0,387
Rape pred 42,2 100.04 59 SF.0idd
Seybens 40,5 LT 194 T
Sperm 470 A0 0E 77 L TET
23
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Table 12 (cont.)

PROPERTIES OF LIQUIDS

En- g " Specific Grawily Thermal
Specific Hear Wizcosily En- z
iy B:-ilrng lhl;l’:p}r FF;Hiﬂi 1h=ll'w or Dencity [d) Conductivity®
b int = — T aint -] T
Descriplion F :fl:‘ﬂ;: ‘rl?lbpf” Temp. Canti= Temp. F Fusion |Temp. b feu fr k | Temp.,
Bre/ib | IF deg) F poises F Brufib F d F
i T1" 1 s
Octane 256,28 | 1275 0587 | £08-253 4 0483 | B4 - T4 r 0.083 BA
Pelrodeym 0.a11 FO-135 1 D.E7 |
Fentane 96.8 0.220 | 86 -201.82 | iz ADE () |
PFragienic aod 285,98 [ 1778 0.540 | £8-278.% 0060 | A& = B.44
Prapyl aleahol 0r s 1957 Q.57 1] L7270 | 86 — 34 98 2.04
Fotassivm hydronide 1
30 pars H,O 0.B7E &4
| 100 parts Huﬁ' 0875 T
Seco waisr [el-1.14] i 1,004
opl8 1.024
0.703 1.046
Sulfuric asid 100% bld 2196 | 0.344 -1 50.8812 432 [E7 %= B0 .21 B
Sodium chloride brine
410 pons H.O 0.7 Gl 25— 33 BE
+ 700 parns MO ; C.P78 bd | 13% —0,34 84
Soedium hydraxide | 0.p42 [T 1
100 parts HO ; 0.983 84 I
Taluol 138 | 1548 | 0364 50
i 0.534 8% |
Tolusns 230,54 | 1587 | D440 ($3.6-210.2| 0825 | 86 -139
Turpesiine 3120 1334 | D400 32 1.272 B& | 0.hsd 0.074 59
Water 212 PoReeT [ 1000 &0.8 CLEDDT| B4 3 143.05 | 39.2 1.00 0,330 32
. al.4(d) 0.358 B&
Eylene 287.5 149.2 | 0411 Bé — 14,78 0.0 &8
Tine wiliate
4+ 30 parts H.O i D.B4Z | AB.125
+ 700 parts H.O i 0.952 125

*Mele: k= BTY per (he.) {sq. fL} {F deq. per L)
Density = Pounds per cuhic Toat

Specitic Gravity = Ratie of dentily 1o thet of water (62.4 pownds per tubic lool}

SENSIBLE HEAT ABOVE FREEZING

Most products are at a higher temperature than the stor-
age temperature when placed in a refrigerator. Since
many foods have a high percentage of water content,
their reaction to a loss of heat is quite different above
and below the freezing point. Above the freezing point,
the water exists in liquid form, while below the freezing
point, the water has changed its state to ice.

As mentioned previously, the specific heat of a product
is defined as the BTU'’s required to raise the temperature
of one pound of the substance 1°F. The specific heats
of various commodities are listed in Tables 10, 11, and
12. Note that in Table 10 the specific heat of the product
above freezing is different than the specific heat below
freezing, and the freezing point (listed in the first column)
varies, but in practically all cases is below 32°F.

© 2024 Copeland
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The heat to be removed from a product to reduce its
temperature above freezing may be calculated as fol-
lows:

Q=Wxcx(T1-T2)

Q =BTU to be removed

W = Weight of the product in pounds

¢ = Specific heat above freezing

T+ = Initial temperature, °F.

T2 = Initial temperature, °F. (freezing or above)

For example, the heat to be removed in order to cool
1,000 pounds of veal (whose freezing point is 29°F.)
from 42°F. to 29°F. can be calculated as follows:

Q = Wxcx(T1-Tz)
= 1000 pounds x .71 specific heat x (42-29) =
1000 x .71 x 13
= 9,230 BTU

www.copeland.com
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LATENT HEAT OF FREEZING

The latent heat of fusion or freezing for liquids other
than water is given in Table 12. Substances such as
metals which contain no water do not have a freezing
point, and no latent heat of fusion is involved in lowering
their temperature.

Most food products, however, have a high percentage
of water content. In order to calculate the heat removal
required to freeze the product, only the water need be
considered. The water content percentage for various
food products is given in Table 10, Column 2.

Since the latent heat of fusion or freezing of water is 144
BTU/Ib., the latent heat of fusion for the product can be
calculated by multiplying 144 BTU/Ib. by the percentage
of water content, and for ease in calculations this figure
is given in Column 5 of Table 10. To illustrate, veal has a
water percentage of 63%, and the latent heat of fusion
listed in Column 5 for veal is 91 BTU/Ib.

63% x 144 BTU/Ib. = 91 BTU/Ib.

The heat to be removed from a product for the latent
heat of freezing may be calculated as follows:

Q=Wx hi

Q =BTU to be removed
W = Weight of product in pounds

hi = latent heat of fusion, BTU/Ib.

The latent heat of freezing of 1000 pounds of veal at
29°F. is:

Q =Wxhg
= 1000 Ibs. x 91 BTU/Ib.
=91,000 BTU

SENSIBLE HEAT BELOW FREEZING

Once the water content of a product has been frozen,
sensible cooling again can occur in the same manner
as that above freezing, with the exception that the ice in
the product causes the specific heat to change. Note in
Table 10 the specific heat of veal above freezing is .71,
while the specific heat below freezing is .39,

The heat to be removed from a product to reduce its tem-
perature below freezing may be calculated as follow:

Q=WXCiX(Tf-T3)

Q =BTU to be removed
W = Weight of product in pounds
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¢i = Specific heat below freezing
Tr = Freezing temperature
Ts = Final temperature

For example, the heat to be removed in order to cool
1,000 pounds of veal from 29°F. to 0°F. can be calcu-
lated as follows:

Q =Wxcix(Ts-Ta)

1,000 Ibs. x .39 specific heat x (29-0)
1,000 x .39 x 29

11,310 BTU

TOTAL PRODUCT LOAD

The total product load is the sum of the individual
calculations for the sensible heat above freezing, the
latent heat of freezing, and the sensible heat below
freezing.

From the foregoing example, if 1,000 pounds of veal is
to be cooled from 42°F. to 0°F., the total would be:

Sensible Heat above Freezing 9,230 BTU

Latent Heat of Freezing 91,000 BTU

Sensible Heat Below Freezing 11,310 BTU
Total Product Load 111,540 BTU

If several different commodities or crates, baskets, etc.
are to be considered, then a separate calculation must
be made for each item for an accurate estimate of the
product load.

STORAGE DATA

Most commodities have conditions of temperature and
relative humidity at which their quality is best preserved
and their storage life is a maximum. Recommended
storage conditions for various perishable products are
listed in Table 13 and recommended storage condi-
tions for cut flowers and nursery stock are listed in
Table 14.

Data on various types of storage containers is listed in
Table 15.

www.copeland.com
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Table 13
STORAGE REQUIREMENTS AND PROPERTIES OF PERISHABLE PRODUCTS

Etarog e Brelative |  Approwimoe Storoge Relotive | Appraximale
Commndity Temnj. Humidiry Sterage Commod ity Tomp, Humidity Starope
F % Lilw F % Life
Apples 310-3F B5-90 2- & monathi | Endiva [sccorels) ar PO-N5 2- 3 werky
Aprizots Ji-32 BA-90 i« ¥ weshs Figs
Arichakes (Slobe) 31-32 20.95 1- 7 weals Dried 32-40 20-£0 2-12 months
Jaruzalam 31.32 o0 08 2- 5 wmonths Freih 28.32 BE.S0 5. 7 dayu
Aaparages 32 LG5 2. 3 weeks
Avpradat 45-55 B3940 4 weeks Fish
Fresh 13-33 FO-75 515 daoys
Banoros — B5-95 — Frozemn = 10-0 9025 B.10 manihs
Beaes [Green ar anap) A5 BE-00 A-10 day: Smaked 4050 2040 &- & manths
Lima 372-40Q 580 | 1015 days Erine saled 9095 | 10-12 manaths
Bear, borrelled 3540 310 wesks Mitd cored I8.35 F5-R0 d. 8 monihs
Bmais Shallfish
Bunch 32 P85 1 13-14 days Frash k] 90-95 ds F days
Toppad iz w53 T- 3 months Frozen 0w —23 | 9093 I« 8 moniks
Blochbeerrins o3 85-50 7 days Frozenspock frults —ig-0 -_ 612 mooiks
Blumbarrie: 3 3 B3«§0 | d- & weeks | Frogen-pock wegelobles —10.0 = 612 maathi
Brand o severnl wWenkS fuey ane Fobaies 3440 4555 several yeors
Broccali, spraviing 32 PO-RE T-10 days
Brusiels spraouls 32 ?0-85 3- 4 wenks i, diry 12 70.75 & 8 menihs
e, n | s | ot |G ATt
Cangy 034 40-63 A i
b American type 31.32 8590 | 3-8 weoks
Pigparkaged 32 B0.20 3. 4 wenks
Tu.;;ed g 33 0005 | TR aratla Europran bype Jg-3n BE-90 3. & months
T [ e— 3 -9 5 g |Hamey — — 1 yoar, ples
E:,:,;:E ;, x ,i ; i :::';," Haps 29.32 50-60 | severcl manlhs
Celery 31-32 20-95 2. 4 menihy |Honercdih Iz FO-95 1012 weeks
Cheitles 31-32 8390 i 0.4 h‘ £ s i a0.95 2- F week:
Cocansts 32.35 BO.ES | 1. T manthe |Fehlrabi ¥2 05 | T 4 weals
Coffer {areen) 35.37 BO-85 2. 4 wapthy |Llovd |wilkou! anticxident]) 45 0.95 4 B monihs
Carrn, sweet Ju-azx A%.va 4 & doys lard [wilkoul onflioxidont) L] w093 1%-14 monihs
Cronberries Jé-40 ES-%0 1- 4 manihs |Llesks, green 32 F0.95 I- ¥ monins
Catumbers 45.50 RO-85 | 10-14 doys Lamons 32 or 50-58| 8590 - 4 monih
Cerranit 37 EO-A5 | 10.14 deye Letruoe i 90-95 J- 4 weeks
Dairy producs Limes 4850 #5-90 @ B werks
Chenas 20-45 6570 Loson blsckberries 31-32 B5.90 | 5. 7 days
Butter Ti-40 , EO-B5 2 montht | sear
Batler Cmw —10 83-85 1 yoar Bocon—Frogen —10.0 w0.95 4. & months
Cream (y=ewetened) —15 — sevenal months Cured (Form shyle) . &0-4% 8% d- & moniha
fee ercom —15 o wveral months Cureed [Potker 5 I4-40 85 I 6 webks
Beet——Fresk 3234 i8.92 1- & weeks
Mili, fluid whole Frozen —10-0 70.95 | %.12 months
Povesrized Trode & 33 —_— 7 days
Condenced, swemipnad 40 — | teverel monthe L,y 14.34 £5.%0 | G- 3 months
:;:’;?:' Roam Temp| — Voyser PIVE | ioms and shouldoss—Fresh | 32-34 g2.90 | 712 days
Whals mEk 45.33 [ Tew manths Py rriooritll B By :':;':'
Fion-iot 43-54 bow | swvaral monthe |y P 3234 | 590 | 512 doys
Benberdss 2132 psen | 210 daps Frozan =100 | 90-95 | 5-10 mente
:;::1-'::1" ‘;-:55 :‘;:g "?11;2’:1::1}: Liver—Fresen =10-0 Fh-85 3. d manths
Pork-—Frash 3234 B 550 3= T doys
Egot Frazen —=10.0 P0-8% 4- & wontha
Shall 2931 B85 | & 9 monthe | Smoked Sowviage 4043 | 2590 & months
Shedl, farm cosler 5055 7075 Souwsage Cosings 40-45 45-50
Frozen, whale 0 or below —— 1 year, plus Vol 3334 $O-v3 310 days
Frares, yoli 0 ar Bedow —— i year, plin
Frozen, whike O ar below —_ 1 year, plus |Moengoas a0 85-00 - 3 wiihi
Melans, Contalgwpe 3340 8570 515 days
Whaole agg salids 1540 low * | 12 morths Persion 4550 L15-80 1- 7 weehs
Yolk solid 3540 - & 12 monih Harnsydew ond Honey Ball 435-30 $5-90 2. & wwha
Flake alburen safids Room Temp lowr 1 year, plis Covaba 45.450 §5.90 4. & wesks
Cricd aproy olbumen solids| Rcon Temp loywr 1 year, pla W mrmeban Fa-40 85.-70 - 3 wewha
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Takle 13 (cont)
STORAGE REQUIREMENTS AND PROPERTIES OF PERISHABLE PRODUCTS

Coammadily

Mushroams

Fgahrgom apawn
Mnaure Lpinwn
Grein spewn

Mursery shoch

Fluby

Qi {vegefoble ralad]
Cllera

Cleomargarine

Cliwmy, fresh

Oetan: ard osion wats
Cranges

Qrange juice. chilled
Papayas

Parinigs

Peaches ong neclarives
Feore

Peos, green

Peppars, Swael

Feppers, Chili {dry)
Persimmons
Pinecpplas
Solure gresn
Fipe

Plume, indleding fraib prunes

Poncorenales
Fapcern, unpopped
EAETET

Eariy trap

lesle grop

431-50

J1-24
J0-15
45

£k
41-32
I9.31

31
45-50

3240
L)

30.40
4045

ELRE I
34.35
3740

50-5%
10-50

Relctive | Apprazimaie Sterage Rulotive | Approximate
Humidity Slorage Cammedily Temp- Huemidiky Storage
% Lifw F i Life
B 5.0 J. 5 doys Pagliey
Fresh Iz ES. 90 1 week
580 E manihsg | Fiazan, awiiiessrad = 709 ! 095 T 10 menthi
75:ED 1 wekkt | Pumpling 50-5% FO.75 2. & months
25.90 ¥ & months | Quingos 31--32 B5.00 2. 3 moniha
Radishes—3Ipring, bunched or
55.75 B-13 manths | progackaged ¥} F0.95 18 days
s 1 yecr L Wonter 32 P0-95 T. 4 months
g I"]::' 99 pabin
BCA D o Fresh 12.34 2095 | 1. 5 days
Frazen =1Q-3 .75 o & menlhs
Ba.50 4. & weeks Easpherries
075 - & meanihs Bleck n-1 8580 T doys
Bi-20 812 weaks Red F1-31  + 83-90 ¥ days
F- & wouks Fegaun [red or Bigok) —10-0 | I year
84.80 3o 1 wesky i
R iberk 31 o095 2: J weaks
| Putobogas k¥ 093 i 4 =mpathi
FO.55 | 2« & monfas | gaigidy a2 9395 | 2. 4 meontm
25-70 2- 4 wgeki | goinach iz 93.93 | 10-14 doys
BA-90 —
B5.90 1- % weeks | Sgqeean
8590 B.10 days Acorn 45-50 7585 3o B weshs
Summer Ai-40 8595 | 10-14 days
&5 TS PR — Winter 50.55 o7 4. 4 mEAmd
B5-50 7 menths Strawberriet
Freeh N-3d 35.%0 F10 doys
F =100 _— ! oyewr
B5-#0 | 3- & weehs 5u¢:i::|mm 540 FO-%5 | 4. & ‘rlnqnlh.:
BESD | D 4 wamks o srinas a1.28 FOP5 | 3o d weski
BO-85 3: 4 weeks | Toratows
B5.90 2- 4 meaths Mataie oresm 57.70 B5.90 2- 4 wooks
LE] = Firm ripe £5.50 Bi-70 @ T days
Taraipy, reais a7 .95 4. 5 marthi
8590 - - Vegelable 1oed 32-50 S0-43 —
590 f— ¥eest, compresied Boker's a1.32 -
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Table 14

i o Sy

e

STORAGE CONDITIONS FOR CUT FLOWERS AND NURSERY STOCK

2 Highest
Commy I 19 - g i o
F
CUT FLO'WERS:
Calla Filly Aty 80-85 1 weak Dry pack _—
Comellio 45 A3-85 3-& dayi Dry pock 0.4
Cornallon a B35 1 moaihk Dry pack 10.8
Cheyvanthesmem 3 q0-25 2-5 weeks Dy pack 0.5
Draffoad il M B0-83 1-2 weeks Dry pock —_
Gardenin n A5 23 weeks Dy peck o
Cradieles 35 BD-85 1 week Dry pack 31.4
Iris, tight Buds ] | a8t-85 2 woaks Diry pock I0.6
Lity Laster 3 83-85 2 weeks Dey pack ann
Liby-asl-tha-Yailey a AO-83 21 waeks Dry pack =
Oieehid 45.55 BD-B5 2-3 doys Water 314
Peoay. light buds n A0-813 & weehy Dry pazk LA
Ross, tight buds 1 8585 2 waehs Dy pock e
Sweel peos n D85 2 weeks Dry pock 304
Tulips M B0.E5 4B woek Diry poch —_
GREEMS:
Fern, dogper end wood xn a5.e0 4.5 manths Dry poch K]
Hally n E5-00 1-4 winks Dry pock 7.0
Hecklebarry n ES5.00 1-d weeks Diry pock 6.7
Lourel i E5-%0 1-4 weeks Dry pack 76
Mopnolin n B5.90 1:d weelks Diry pock o
hodedendran n B5-90 V-4 waonke Dry pod ¥
Salod B E590 T4 woaks Bry podk 8.8
BLULES
Amaryllls F0.75 75-80 3 months Dy 0.8
Dahlia £0-45 F5-80 5 months Dry TH.TF
Hodisles 40-45 75-80 B manthi Dy 8.2
feie, Dutch, Spamish 75RO 7580 4 months Dry —_
Ly
Condidum n 75-80 1 months Poly liner & peat —_
Crafl k1] Ti-80 2 monihg Poly lirpr & peal i
Longiflarum n T5-ED 3 mealhs Poly lines & peat e
Speciosum n T3-ED 3 monihs Poly liner & peat —_—
Peoay 40-43 Fi-E0 5 months Dy e
Tebsrowe 40-43 FI-EQ 4 maunths Dry —
Telip 40.45 75 E0 1-2 moniths Diry 7.6
HUBSERY STOCK:
Trees and Shrub: 3235 FD-E5 4-5 monihs —
Rose Bushed 32-25 B3935 4-3 monlhs Boure roobed —_—
wilh poly liner
Strawherry Monts 3032 A0-85 da 10 momihs Bare poofed e
with paly liner
Ronted Cwtings 33-40 B5-9% —_ Foly wrap —
Hatbaceows Perenniols 2128 ar 10-85 —_ —_
331-25
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Table 13

SPACE, WEIGHT, AND DENSITY DATA FOR COMMODITIES
STORED IN REFRIGERATED WAREHOUSES

Avg. Arg.
Oultide Dimansions — s Grous Net
Wi Wh.
Cammodity Type of Pockoge of Fockage, W, af Wi of Bianxli
B Phg.. Prrmy wnaity, Dansity,
T ™ Lh, pat Lk, par
Cu. Fr. Cu. Fr
Apples Wood Box
Maortheatern e K1 Xk 50 47 kN | Ir.s
Fibwr Troy Cartan 0% K17 A1TY e 43 118 .9
Fiber Maskter Corton 2P X1 X3 44 41 .3 154
Fibr Bulk Corlan 19 X13% X113 44 % 41 25.0 229
Pallal Boax aF X A7 X 1o 1030 o0 249 231.5
Beef
Bonezless Fiber Corlon 28 X1t X 4 148 140 Bl.4 0.0
Fores locye —_— - - — 212
Hinds Loowe — — nm ek % ¥
Celery Wirebound Crofes 0% X1d i 93 & 55 a1.8 30.0
Fibwer Carkan & X111 X140 36 12 154 2.4
Chagie Heaps e X146 X13 B4 & 436 40.5
Wond, Cepart LF S . ST By Th 37 31,5
Cheese, Swiss Wheels MR AR 7 —_— 171 — 40.0
Chili Papperi Bngs 45 X231 XK i4 114 219 14.5 14.1
Citrmg Fruifs
Oronges Ao T2% X130 X 2414 7 &% 3.5 25.3
Bruce Bex 13 K11 MIsY L1 &2 A0.8 8.2
Faller, 40 Corons 40 X448 X 5RTS 1490 1483 6.0 1%
Caifornio Oranges Fitwer Carban 16% X 104, X 10, a0 37 8.0 352
Figrida Owanges Pl Carlan 19 X123 X 8 45 ar A4 0.3 33.%
Lamarg Fibeer Carbon 14 % X 108, X t0Y A iz A0.0 o
Gropefruil Fibar Corton 1% XI1IW N B 40 iz 387 349
Cacanut, Shredded Baga 3 RIEW% XK & 131 100 3.0 .7
Cranbarriat Fiber Carban TEH XTI X 10g 25 24 4. 22.2
Cresm Tins 12 X172 K14 82 a0 45.2 4719
Dried Fruit ‘Weod Box 15% X100 Nayw 16V 5 ahd atr e
Dalas Fiber Corten LET B E A ] a2 20 5.7 4.0
Raiting, prames, figs, peache:s Fier Corton 15 X101 X 7 32 W 479 44,9
Eggs,. Shell Weood Couas W X112 X113 35 a5 3.4 121
Egan. Froaen Cons 10E1e Ki11w a2 a0 A4 7 41.5
Fréargn l‘-‘..i..n- Pradusli
Blgoks 4713% |b. Carlos 203 X121 X 435 56 54 57.0 55.0
48147 b, Coroa 198 X103 X111 1] -1} 49,2 LR ]
Fillats 12/ 14 &z, Cortan 12% X A% X 3%, 11.5 12 554 a6
1073 b, Corton T4% X100 X 14 32,215 50 44 4 427
3710 b Corkan 14 X100 X114 343 A0 a4, 5 42 F
Fivh $icks 1278 az. Carloe 1M X BERNX 3% &89 & 134 0.3
2478 oz. Carloa TeHet B X 4% 13.8 12 w7a 1re
Panmed Fish Huene, Glazed Woodea Borey _ —_ —_ 5.0
Partions 1 3,5 ond § b, Ceitan Pocking
Corlon —_ — -_— 9.33
Round Growad Fish Hane, Glazed Slogked Logsa = -_— — 23-15
Rounad Haolibut Mone, Glazed Wosdes Boz, Loowe — —_ — 30-73
Spocked Loose —_ — — ano
Round Salmon Hane, Glozed Stacked Loose —_ —a — 3135
Shrimp 2% aed 5 Ib, Cartens Cuitam Pocking — — —_ 5.0
Shpaks 1, 5, 0r 10 b Pockages Custom Pocking - —_ -_— S50-40
Fracen Froite, Juicer & Vegetobles
Asparagus 41T oz Cortpn 1EX1T%R X By " Lk ] .7 318
Bewris, Graen 34/ 10 ce. Corton 128 X011 X B FLe 2% 0.1 %3
Bluebwries 14112 az. Corton 17 X11% K 8 0 8 41.3 8.2
Broceali T4/ 10 oz Certan 12% X11% K 8% 18% 15 4.2 1.1
Cltres Conceniroles Fibes Carmaa 488 ax 13 X B{R X T ar 24 4.7 £2.7
Peatkos 241 Ib. Corton AR XN K 7g iF 24 41.0 6.4
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Table 15 (cont.)

SPACE, WEIGHT, AND DENSITY DATA FOR COMMODITIES
STORED IN REFRIGERATED WAREHOUSES

_ e T S I B
. Quttide Dimensions Gross Het Wi Wi,
Commadity Type =l Pockage of l':lmg-, H:'L.gnl x;’:F Density, Densiiy,
z Lb X T Lb, per Lk, per
? L, Fu, Cu. F1
Pems &5 16, Cartan 17 X111 XK 2% a2 0 na 25.2
A8 17T e, Carfan TG R OBW X11W% 18 FL] 8.7 7.2
Patateet, Fr. Frics 120168 . Corton - SN i -_— 8.4
2417 or. Carten — — _— —_ 4.0
Spirmch 74 /14 az. Cartan 12% X117 % 8% 14 Fil 35.5 1.0
Strawbercies 0 b, Can 12% 10 X110 iz 30 442 4.5
2401 b, Cartom i3 xIi x & ] 24 43.3 8.2
430 Ib. Bairel 35 XI5 XI5 — 450 — 35.5
Caopes, Colilarnio Waod Lug Bax &% X158 X1g n 28 32.4 fria]
Lamb, Bamelats Fiber Box 20 X115 X § 57 53 &5.7 51.0
Lowd [212% 1.} Weod Exporl Bax 18 X13% X 73§ & 54 9.8 51.5
Leftuce, head Eiber Carlon MY X13% X 9% T a5 24,7 —
Firer Carlon 2% X T4 X 10% 45-55 42-32 59 5.2
Failet, 30 Carlass 42 K30 Ab&6 1250 1ro 14.8 14.4
wilk, Condensed Barraii 18 X235 X215 &7 0 400 5009 45.6
Huts
Almaonds, n Shell Sacks 4 X153 X3 % w0 1% 13
Almand:, Skhellad Caves G35 X313 K10 a2 " n.rw 77
Erglish Walruls, in Shell Socks 25 X1 X3 103 100 0.9 0.2
Enggliah Walaul, Skelled Fibor Corlon 14 X114 X110 F 5 3.8 22.0
Franuts, Shelled Burlap Bog 35 XM X135 127 125 9.2 IR.4
Fecans, in Shell Burlep Bag 35 X3¢ X1 126% 125 3.7 2314
Pacemy, Shellad Fiber Corton 13 X133 XI11 a2 elil -4 FR
Feaches A% Bushel Bathkats 185 top dia, 41 3% 43.9 0.7
% Bushel Baikels 145 tap din. R 25 45 0 40,2
Wirebhound Crole 12 XML XY 42 a8 .2 24.4
| Wand Lug Bax 1B XY X 5% 14 ¥ J8.0 330
Feary ‘Wood Boax Bl RIig x e 52 48 aLD EEA
Feais, ploce pack Fibeer Cortan 18y X 12 X110 52 ad 405 35.é
Park
Bundle Ballies Bandles AR X110 X 7 57 i) sra 570
Lains (Regular] Wood Box 28 X100 X110 &0 54 ar.a 332
Lzams |Bonelesi) Filsar Box 0 X135 X 5 E ¥ 32 657 0.9
Pevbanboss Snck 33 xIFgEn 181 106 rs 7.1
Fouftry, Frash {Evivcercfed)
Fryurs, Whale, 24-20 10 PRy, YWirsbound Lrate 4 X120 X 7 &5 &0 7.5 25.4
Fryer Pais Wirgbaund Crale I8 1D X3l 54 50 421 389
Poultry, Frozen | Eviscerated)
Cuchs, & la Phe. Fiber Carlen 172 K1a K 4 EFL 31 e 380
Fawl, & ro Phy, Fiigr Corlgn WA X1 X 5% 33% R 8.2 281
Fryers, cut wp, 12 to Pkg, Fi&er Corfon 17 KIS X 4% 0% 28 45.4 1.7
Bcoder, 8 to Pky. Fiter Carton IO TI8 X 5% T 30 7.3 245.2
Twrkayi.
3-b Th., & 1o Pka. Fiter Carlon N XY X &% 30 7 21.5 201
-1 b, & o Pl Fiber Carton M XNB|X 7 | 51 Ll 23.3 21.2
10-13 b, 4t Phg, Fiber Carfon MK X1e X 75 30 dd 7.2 5.0
13-14 Ib., 4 o Plg. Fiber Carfan % X1E%B X 9 a7 &2 k4.2 21.12
T4-20 ke, 2 te Phyg. Fiber Corton \F X168 X 9 9 36 7.7 T3.4
1024 1o, 7 to Pkg. Fiber Carton 1% X1ak X 9% a7 44 ar.4 3.3
Tometoas
Florida Fiber Carton e K0T K103 43 ] 33.3 .o
Wirghaund Crate [EE A SN SR A a4 &0 a1.3 JB.7
Colileraia ‘Wasd leg Bex 179 X 14 X 73 4 30 0.9 ar3
Taxen ‘Wood Leg Box 175 X114 N 44§ 14 a0 J6.2 J.g
Weol (Boneless) Fiver Carban i X135 X 5 ar 53 &5, 41,0

From 1545 1 PEF ATHRAER Cubkdes & Dars Book. Readsred by Ferslinfes
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SECTION 15
SUPPLEMENTARY LOAD

In addition to the heat transmitted into the refrigerated
space through the walls, air infiltration, and product load,
any heat gain from other sources must be included in
the total cooling load estimate.

ELECTRIC LIGHTS AND HEATERS

Any electric energy directly dissipated in the refrigerated
space such as lights, heaters, etc. is converted to heat
and must be included in the heat load. One watt hour
equals 3.41 BTU, and this conversion ratio is accurate
for any amount of electric power.

ELECTRIC MOTORS

Since energy cannot be destroyed, and can only be
changed to a different form, any electrical energy
transmitted to motors inside a refrigerated space must
undergo a transformation. Any motor losses due to fric-
tion and inefficiency are immediately changed to heat
energy. That portion of the electrical energy converted
into useful work, for example in driving a fan or pump,
exists only briefly as mechanical energy, is transferred
to the fluid medium in the form of increased velocity, and
as the fluid loses its velocity due to friction, eventually
becomes entirely converted into heat energy.

A common misunderstanding is the belief that no heat

TOTAL SUPPLEMENTARY LOAD

The total supplementary load is the sum of the individual
factors contributing to it. For example, the total supple-
mentary load in a refrigerated storeroom maintained at
0°F. in which there are 300 watts of electric lights, a 3
HP motor driving a fan, and 2 people working continu-
ously would be as follows:

300 Watts x 3.41 BTU/hr.

3 HP motor x 2,950 BTU/hr. 8,850 BTU/hr.

2 people x 1300 BTU/hr. 2,600 BTU/hr.
Total Supplementary Load 12,473 BTU/hr.

1,023 BTU/hr.

Table 16
HEAT EQUIVALENT OF ELECTRIC MOTORS
Btu per (hp} (hr)

Motor Maotor Connected

hp Cc;:::?;ad losses load
refr space’ outside outside

refr space? | refr space?
18 to 1/2 4250 2 545 1,700
1/2 10 3 3,700 2,545 1,150
3to20 2,950 2,545 400

is transmitted into the refrigerated space if an electric
motor is located outside the space, and a fan inside the
space is driven by means of a shaft. All of the electri-
cal energy converted to mechanical energy actually
becomes a part of the load in the refrigerated space.

! For use when both wseful cutput and metor losses are dissipatad within
refrigarated space; motors driving fans for forced circulation unit
coalérs.

# For use when motar losses are dissipated outside refrigerated space
and useful work of motor is expendad within refrigerated space; pump
ama circulating brine or chilled water systerm, fan matar autside refrig-
erated space driving fan circulating air within refrigerated space

* For use when motor heat losses are dissipated within refrigerated
space and useful wark expended outside of refrigerated space; motos
in refrigerated space driving pump or fan located outside of space.

Froem 1567 ASHRAE Hendbaok of Fundememnals,
Boprinted by Permission

Because the motor efficiency varies with size, the heat
load per horsepower as shown in Table 16 has different
values for varying size motors. While the values in the
table represent useful approximations, the actual elec-
tric power input in watts is the only accurate measure

of the energy input. Table 17

HEAT EQUIVALENT OF OCCUPANCY
HUMAN HEAT LOAD

Heat Equivalent/ Person

People give off heat and moisture, and the resulting Cooler Temperature F Btulhr.
refrigeration load will vary depending on the duration of - I

occupancy of the refrigerated space, temperature, type ig ;:g

of work, and other factors. Table 17 lists the average ag 950

head load due to occupancy, but stays of short duration

pancy, y , 20 1,050

the heat gain will be somewhat higher. 10 1.200

0 1,300

=10 1,400

Froem 1967 ASHRAE Handbook o Fundamante,
Reorinted bv Pormission
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SECTION 16
EQUIPMENT SELECTION

Once the refrigeration load is determined, together with
the required evaporating temperature and the expected
condensing temperature, a compressor can be intel-
ligently selected for a given application.

For refrigerated fixtures or prefabricated coolers and
cold storage boxes to be produced in quantity, the load
is normally determined by test. If the load must be
estimated, the expected load should be calculated by
determining the heat gain due to each of the factors
contributing to the total load. Many short methods of
estimating are commonly used for small refrigerated
walk-in storage boxes with varying degrees of accuracy.
A great deal of judgment must be used in the application
of any method.

HOURLY LOAD

Refrigeration equipment is designed to function continu-
ously, and normally the compressor operating time is
determined by the requirements of the defrost system.
The load is calculated on a 24 hour basis, and the
required hourly compressor capacity is determined by
dividing the 24 hour load by the desired hours of com-
pressor operation during the 24 hour period. A reason-
able safety factor must be provided to enable the unit
to recover rapidly after a temperature rise, and to allow
for loading heavier than the original estimate.

When the refrigerant evaporating temperature will not be
below 30°F., frost will not accumulate on the evaporator,
and no defrost period is necessary. It is general practice
to choose the compressor for such applications on the
basis of 18 to 20 hour operation.

For applications with storage temperatures of 35°F.
or higher, and refrigerant temperatures low enough to
cause frosting, it is common practice to defrost by stop-
ping the compressor and allowing the return air to melt
the ice from the coil. Compressors for such applications
should be selected for 16 to 18 hour operation.

On low temperature applications, some positive means
of defrost must be provided. With normal defrost peri-
ods, 18 hour compressor operation is usually accept-
able, although some systems are designed for continu-
ous operation except during the defrost period.

An additional 5% to 10% safety factor is often added to
load calculations as a conservative measure to be sure
the equipment will not be undersized. If data concerning
the refrigeration load is very uncertain, this may be desir-
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able, but in general the fact that the compressor is sized
on the basis of 16 to 18 hour operation in itself provides
a sizable safety factor. The load should be calculated
on the basis of the peak demand at design conditions,
and normally the design conditions are selected on the
basis that they will occur no more that 1% of the hours
during the summer months. If the load calculations are
made reasonably accurately, and the equipment sized
properly, an additional safety factor may actually result
in the equipment being oversized during light load condi-
tions, and can result in operating difficulties.

SAMPLE LOAD CALCULATION

The most accurate means of estimating a refrigeration
load is by considering each factor separately. The
following example will illustrate a typical selection pro-
cedure, although the load has been chosen to demon-
strate the calculations required and does not represent a
normal loading.

Walk-in cooler with 4 inches of glass fiber insulation,
located in the shade.

Outside Dimensions, Height 8 ft., Width 10 ft.,
Length 40 ft., inside volume 3,000 cu. ft.

Floor area (outside dimensions) 400 sq. ft. on insulated
slab in contact with ground.

Ambient temperature 100°F., 50% relative humidity
Ground temperature 55°F.

Refrigerator temperature 40°F.

1/2 HP fan motor running continuously Two

100 watt lights, in use 12 hours per day.
Occupancy, 2 men for 2 hours per day.

In storage: 500 pounds of bacon at 50°F.

1000 pounds of string beans

Entering product:
500 pounds of bacon at 50°F.
15,000 pounds of beer at 80°F.
To be reduced to storage temperature
in 24 hours.

Heavy door usage.
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(A) HEAT TRANSMISSION LOAD

Sidewalls:
40’ x 8’ x 2 =640 Ft2 x

60°TD x 1.9 (Table 7A) =72,960 BTU

10°x8 x2=160Ft2 x

60°TDx1.9 = 18,240
Ceiling:

40'x 10’ =400 F2x 60°TD

x 1.9 = 45,600
Floor:

40'x 10'=400 Ft2x 15°TD

x1.9 = 11,400

Total 24 hour transmission load =148,200

(B) AIR INFILTRATION
3000 Ft® x 9.5 air changes
(Table 8) x 2 usage factor x
2.11 factor (Table 9)

(C) PRODUCT LOAD

500 Ibs. bacon x .50 sp.
ht. (Table 10) x 10°TD

15,000 Ibs. beer x 1.0 sp. ht.
(Table 10) x 40°TD

500 Ibs. lettuce x 2700
BTU/24 Hr/Ton (Table 10) =

1,000 Ibs. beans x 9700
BTU/24 Hr/Ton (Table 10)
Total 24 hour Product Load
(D) SUPPLEMENTARY LOAD

200 Watts x 12 hours x 3.41
BTU/Hr

1/2 H.P. x 4250 BTU/Hr-Hr
(Table 16) x 24

2 People x 2 Hrs/Day x 840
BTU/Hr (Table 17)

Total 24 hour Supplementary
Load

© 2024 Copeland

120,270 BTU

2,500 BTU

= 600,000 BTU

675 BTU

= 4,850BTU

608,025 BTU

8,184 BTU

51,000 BTU

3,360 BTU

62,544 BTU
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(E) REQUIRED COMPRESSOR CAPACITY

24 Hour Load:
Heat Transmission 148,200 BTU
Air Infiltration 120,270
Product 608,025
Supplementary 62,544

Total 24 Hour Load 939,039 BTU
Required compressor capacity:

Based on 16 hour operation 58,690 BTU/Hr.

RELATIVE HUMIDITY AND EVAPORATOR TD

Relative humidity in a storage space is affected by
many variables, such as system running time, moisture
infiltration, condition and amount of product surface ex-
posed, air motion, outside air conditions, type of system
control, etc. Perishable products differ in their require-
ments for an optimum relative humidity for storage, and
recommended storage conditions for various products
are shown in Tables 13 and 14. Normally satisfactory
control of relative humidity in a given application can be
achieved by selecting the compressor and evaporator
for the proper operating temperature difference or TD
between the desired room temperature and the refriger-
ant evaporating temperature.

The following general recommendations have proven
to be satisfactory in most normal applications:

Desired D
Temperature Relative (Refrigerant
Range Humidity to Air)
25°F. to 45°F. 90% 8°F. to 12°F.
25°F. to 45°F. 85% 10°F. to 14°F.

25°F. to 45°F. 80% 12°F. to 16°F.
25°F. to 45°F. 75% 16°F. to 22°F.
10°F. and below — 15°F. or less
COMPRESSOR SELECTION

In order to select a suitable compressor for a given
application, not only the required compressor capacity
must be known, but also the desired evaporating and
condensing temperatures.

Assuming a desired relative humidity of 80%, a 14° TD
might be used, which in a 40°F. storage room result in
evaporating temperature of 26°F. To provide some
safety factor for line losses, the compressor should be
selected for the desired capacity at 2°F. to 3°F. below
the desired evaporating temperature.
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The condensing temperature depends on the type of
condensing medium to be used, air or water, the design
ambient temperature or water temperature, and the
capacity of the condenser selected. Air cooled condens-
ers are commonly selected to operate on temperature
differences (TD) from 10°F. to 30°F. the lower TD nor-
mally being used for low temperature applications, and
higher TD’s for high temperature applications where the
compression ratio is less critical. For the purposes of
this example, a design TD of 20°F. has been selected,
and in 100°F. ambient temperatures, this would result
in a condensing temperature of 120°F.

COMPONENT BALANCING

Commercially available components seldom will exactly
match the design requirements of a given system, and
since system design is normally based on estimated
peak loads, the system may often have to operate at
conditions other than design conditions. More than one
combination of components may meet the per-
formance requirements, the efficiency of the system
normally being dependent on the point at which the
system reaches stabilized conditions or balances under
operating conditions.

The capacities of each of the three major system
components, the compressor, the condenser, and the
evaporator, are each variable but interrelated. The
compressor capacity varies with the evaporating and
condensing temperatures. For illustration purposes an
air cooled condenser will be considered, and for a given
condenser with constant air flow, its capacity will vary
with the temperature difference between the condensing
temperature and the ambient temperature.

The factors involved in the variation in evaporator capac-
ity are quite complex when both sensible heat transfer
and condensation are involved. For component bal-
ancing purposes, the capacity of an evaporator where
both latent and sensible heat transfer are involved (a
wet coil) may be calculated as being proportional to the
total heat content of the entering air, and this in turn is
proportional to the wet bulb temperature. For wet coil
conditions, evaporator capacities are normally avail-
able from coil manufacturers with ratings based on the
wet bulb temperature of the air entering the coil. For
conditions in which no condensation occurs (a dry coil)
the evaporator capacity can be accurately estimated on
the basis of the dry bulb temperature of the air entering
the coil.

Some manufacturers of commercial and low tempera-
ture coils publish only ratings based on the temperature
difference between entering dry bulb temperature and
the evaporating refrigerant temperature. Although frost
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accumulation involving latent heat will occur, unless the
latent load is unusually large, the dry bulb ratings may
be used without appreciable error.

Because of the many variables involved, the calculation
of system balance points is extremely complicated. A
simple, accurate, and convenient method of forecast-
ing system performance from readily available
manufacturer's catalog data is the graphical
construction of a component balancing chart. The
following example illustrates the use of such a chart in
checking the pos- sible balance points of a system
when selecting equip- ment. To llustrate the
procedure, tentative selections of a compressor,
condenser, and evaporator have been made for the
sample load previously calculated.

Figure 69 shows the compressor capacity curves as
published by Copeland on the compressor specification
sheet. It should be noted that Copeland compressor
capacity curves for Copelametic compressors are based
on 65°F. return suction gas. In order to realize the full
compressor capacity, the suction gas must be raised to
this temperature in a heat exchanger. If the suction gas
returns to the compressor at a lower temperature, or if
the increase in suction gas temperature occurs due to
heat transfer into the suction line outside the refriger-
ated space, the effective compressor capacity will be
somewhat lower. In the example, the desired capacity
was 58,690 BTU/hr. at 24°F. evaporating temperature
and 120°F.condensing temperature, and this compres-
sor was the closest choice available, having a capacity
of 57,000 BTUr/hr. at the design conditions.

Figure 70 shows the same compressor curves, with the
condenser capacity curves for the tentative con-
denser selection superimposed. From the condenser
manufacturer’s data, condenser capacity in terms of
compressor capacity at varying evaporating tempera-
tures are plotted, and the condenser capacity curves can
then be drawn. Note that the net condensing capacity
decreases at lower evaporating temperatures due to
the increased heat of compression.

It is now possible to construct balance lines for the com-
pressor and condenser at various ambient temperatures
as shown in Figure 71. For an ambient temperature of
100°F., point A would represent the balance point if
the compressor were operating at a suction pres- sure
equivalent to a 28°F. evaporating temperature and
120°F. condensing temperature. At this point the
capacity of the condenser would exactly match that of
the compressor at a 20° TD (condensing temperature
minus ambient temperature). The balance point is de-
termined by the intersection of the 20°F. TD condenser
capacity curve with the compressor capacity curve for
a condensing temperature 20°F above the specified
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ambient temperature of 100°F., or 120°F. In a similar
manner balance point B can be located by the inter-
section of the 25°F. TD condenser capacity curve and
the compressor capacity curve (estimated) for 125°F.
condensing, and balance point C can be located by the
intersection of the 15°F. TD condenser capacity curve
with the compressor capacity curve (estimated) for
115°F. condensing. The line connecting points A, B, and
C represents all the possible balance points when the
system is operating with air entering the condenser ata
temperature of 100°F. In a similar fashion, condenser-
compressor balance lines can be determined for other
ambient temperatures, and plotted as shown in Figure
72. (To simplify the illustration, condenser capacity
curves have not been shown)

The tentative evaporator coil selected was rated by the
manufacturer only in terms of BTU/hr per degree tem-
perature difference between the entering dry bulb tem-
perature and the refrigerant evaporating temperature,
and have a capacity of 4,590 BTU/hr/°TD. In Figure
73 evaporator capacity curves have been plotted and
superimposed on the compressor capacity curves and
the condenser-compressor balance lines. An evaporator
capacity curve for each entering air temperature can be
constructed by plotting any two points.

Point A represents the evaporator capacity at 14°TD
which for an entering air temperature of 40°F. would
require a refrigerant evaporating temperature of 26°F.
However, an allowance must be made for line friction
losses since the pressure in the evaporator will always
be higher than the suction pressure at the compressor
because of pressure drop in the suction line. Allowing
2°F. as an estimated allowance for line pressure drop,
an evaporating temperature of 26°F. would result in a
pressure at the compressor equivalent to a saturated
evaporating temperature of 24°F. Therefore the capac-
ity of the evaporator for a 14° TD and 40°F. entering air
would be plotted at the corresponding compressor
capacity at 24°F.

Point B represents the evaporator capacity at 10°
TD, which for 40°F. entering air temperature requires a
refrigerant evaporating temperature of 30°F., and after
allowing for suction line losses, a corresponding
compressor capacity at 28°F. A line can then be drawn
through these two points, representing all possible
capacities of the evaporator with 40°F. entering air and
varying refrigerant evaporating temperatures. In a
similar fashion, capacity curves can be constructed for
other entering air temperatures.

The system performance can now be forecast for any

condition of evaporator entering air temperature and
ambient temperature. With 100°F. ambient temperature
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and an evaporator entering air temperature of 40°F.,
the original design conditions, the system would have
a capacity of 59,000 BTU/hr, a compressor suction
pressure equivalent to an evaporating temperature of
26°F., and a condensing temperature of 120°F. Even
under extreme load conditions of 50°F. entering air and
110°F. ambient, the condensing temperature would not
exceed 133°F. These conditions are close enough to
the original design requirement to insure satisfactory
performance.

This type of graphical analysis can be quickly and eas-
ily made by using the compressor specification sheet
as the basic chart, and superimposing condenser and
evaporator capacity curves.

THE EFFECT OF CHANGE IN COMPRESSOR ONLY
ON SYSTEM BALANCE

Occasionally the exact replacement compressor may
not be available, and the question arises as to whether
an alternate compressor with either more or less ca-
pacity might provide satisfactory performance. The
graphical balance chart provides a convenient means
of forecasting system performance.

Figure 74 is a revised balance chart for a system utilizing
the same evaporator and condenser as in the previous
example, but with a compressor having only 5/6 of the
previous capacity. New compressor capacity curves for
the smaller compressor have been plotten on the same
capacity chart used previously. Since there is no change
in the basic capacity of the condenser or evaporator,
the condenser capacity and evaporator capacity curves
are unchanged.

However, a new compressor-condenser balance line
must be plotted, and to avoid excessive detail in the il-
lustration, a balance line for 100° ambient temperature
only has been shown.

A comparison can now be made between the system
with the original compressor, Figure 73, and the system
with the smaller compressor, Figure 74.

Original  Revised
System System
Ambient Temperature 100°F. 100°F.
Air Entering Evaporator 40°F. 40°F.
Refrigerant Evaporating
Temp. 26°F. 27°F.
Condensing Temperature 120°F. 115°F.
Capacity at 100°F. Ambient
and 40°F. Entering Air,
BTU/hr. 59,000 53,000
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Note that although the compressor capacity was de-
creased by 1/6 or 16 2/3%, the net system capacity
decreased only about 10%. Since the condenser and
evaporator were unchanged, the compressor could
operate at more efficient conditions, with decreased
condensing pressure and increased suction pressure.

The same type of analysis can be applied to determine
the effect on system capacity if the compressor on a
unit designed for 60 cycle operation is operated on 50
cycle power. However for the evaporator and condenser
capacity to remain constant, the air flow across both
evaporator and condenser must be unchanged. If the
original balance chart was made on the basis of fans
operating on 60 cycle power, and the fan air delivery is
decreased by operation of the fan motors on 50 cycle
power, then both the evaporator and condenser capac-
ity curves must be changed to reflect the decrease in
capacity.

Another type of application where this type of analysis
may be valuable is on systems with fluctuating loads
and compressors with capacity control features. Since
the evaporator and condenser remain unchanged, the
reduced compressor capacity can be plotted as dem-
onstrated, and new balance points determined, taking
into effect any changes in the temperature of the air
entering the evaporator.

QUICK SELECTION TABLES FOR
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WALK-IN COOLERS

The most accurate means of determining the refrigera-
tion load is by calculating each of the factors contribut-
ing to the load as was done in the previous example.
However, for small walk-in coolers, various types of
short cut estimating methods are frequently used.

The transmission load will always be dependent on the
external surface, and an actual calculation should be
made where possible.

As an aid in rapid selection of a condensing unit for the
normal walk-in cooler application, Tables 19 and 20 give
recommended refrigeration capacities for various sized
coolers. The condensing unit capacity must be equal
to or greater than the capacity shown at the required
refrigerant evaporating temperature after allowance for
the desired evaporating and condensing TD.

The capacities given are for average applications. If the
load is unusual, these tables should not be used. The
low temperature tables do not include any allowance
for a freezing load, and if a product is to be frozen, ad-
ditional capacity will be required.
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Tabkle 19

RECOMMENDED CONDENSING UNIT CAPACITY FOR WALK-IN COOLERS
35° F. TEMPERATURE

® feet height, 95° F. ambkient temperature, 47 insulation

Quiside dimensiona
1.

BiwSkr For Vé-hr operation

Dutside dimensions

Biwfke fer 1d-br aperation

Average pervice Heawy service . Avernge service Heawy tervlce
LY 4] 1,580 3180 14310 E,440 10,5030
34 ] 1,960 3,540 FEAF] R7I0 i3,300
Txi 1,930 3,540 14314 10,800 13,7003
TE 1,380 4,080 14 E E.140 10,003
TRT 1,790 4,430 S A I 2,340 12,000
BxS 1,240 1,910 16312 10,700 13,450
B 3710 4,539 1614 12000 15,000
BT 4,200 5170 f 14314 13,100 16,468
BEXE 4,680 4680 ] 18310 10,300 13.000
P b 4,080 4,940 ! LE:24 I 11.700 14,800
T 4 800 5,440 1814 13,100 14 400
178 5. 0a0 6,269 i 18314 14 400 17 400
PER 5,580 6,920 | 18518 15,800 19,400
13% & 4,450 5459 | L el 11,300 13,700
10%7 5.010 6,200 | 20012 12,800 ! 15,700
10K 8 5,420 &880 '| 10314 14,300 | 17,400
10x% 4,080 7.510 20w 14 15,400 | 19,400
1010 &, 830 8,150 W IE 17,000 21,¥00
B X6 4420 3710 203 20 14,700 21.700
Mx7 5,380 &80 re i A ) 13,700 17,100
11%8 4,000 7350 W14 15,300 18,900
11xe 46,510 9,053 1M 18 16,800 20,800
11%10 T80 8,800 cFEA L] 18,300 71000
3] 5.150 4,350 24w 12 14,700 18,200
12% 8 &4 00 7700 2414 14,200 20,300
12% 10 7550 7.380 24w 14 17,300 71,100
1212 BB 10,800 24% 18 19,300 24,000
14 & 7.300 50350

Mole: Hect goin boaisd es insulation with "K' foctor of (25,
tkickness of inselation.

Required copocity must be corrocled for different "K' fedor, ar dilerent

Fawem 15401048 ADRAT Gulds R Daks ook Escalndesd by Perminlss

Table 20

LOW TEMPERATURE

2 feet height, 0° F. embient remperature

RECOMMENDED CONDENSING UNIT CAPACITY FOR WALK-IN COOLERS

Quiside Dimantions

BTk FOR TE MOUR OPERATION

in Post
—30" P Steregs =10 F. Sioroge 0" F. Skorage
Length Width e~ laslatizn e Insulation & Insubalian
& & 4,000 4,500 3,750
& 1] 5,700 5800 5050
7 7 5,000 5,200 4,450
7 10 6,400 5450 5,800
g 8 5400 5,200 5,500
g 12 T 00 F.A50 7,000
9 g 6,700 7,000 &, 300
i) g 7800 7900 7.100
108 14 ,200 9,400 8.700
12 12 %,400 2500 G600
12 14 11,300 11800 10,900
14 14 11,400 12,000 11,200
14 18 13,300 13,900 12,700
14 14 12,400 14,000 12,900
14 0 15,100 148,000 T, 0D
18 18 15,100 16,100 15,000
18 0 14,100 17,200 15,600
1o 0 14,400 18,400 14,800

Mate: Heal gein besed o insulotion with "K*" faclos of .25 Required copacily =wit be corredled for differemt K™ fochor, or differenl
thickriess of inswlafion.
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FAHRENHEIT - CENTIGRADE TEMPERATURE CONVERSION CHART
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=-38.3 =37 =36 =5.0 I3 +7Td.4 +18.3 +=E3 +=18]1.4 +41.7 | =142 + 204
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