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This design manual is one of a series developed from an evaluation of
facilities in the gshore establishment, from surveys of the availability
of new materials and construction methods, and from selection of the best
design practicies of tie Naval Facilities Engineering Command, other
Government agencies, and the private sector. This manual uses to the
maximum extent feasible, national professional society, association, and
institute standards in accordance with NAVFACENGCOM policy. Deviations
from these criteria should not be made without prior approval of
NAVFACENGCOM Headquarters (Code 04).

Aadit | o L u A

Design cannot remain static any more than can the naval functions {t
serves or the technologies it uses. Accordingly, recommendatiuns for
improvement are encouraged from within Navy and from the private sector
and should be furnished to NAVFACENGCOM Headquarters, Code 04. As the
design manuals are revised, they are being reconstructed. A chapter or a
combination of chapters will be i1issued as a separate design manual for
ready reference to specific criteria.
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This publication is certified as an official publication of the Naval
Facilities Engineering Command and has been reviewed and approved in
accordance with SECNAVINST 5600.16.
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REFRIGERATION SYSTEMS FOR COLD STORAGE

Section 1. INTRODUCTION

1. SCCPE. The basic criteria presented here are applicable to all types
of cold storage facilities and automatic ice-making plants used for naval
shore activities.

a. Typess The cold storage facilities designed for storage of
medical supplies, photographic equipment, perishable food and other uses
consists of three main types:

(1) A facility designed to satisfy the cold storage
requirements of a subsistence facility (Subsistence Type).

(?) A facility designed to satisfy the requirements of a single
installation or activity and any satellite activities (Statiou Type).

(3) A facllity designed to satisfy the requirements of two or
more independent installations and/or the requirements of naval vessels
(Depot Type).

b. Crireria Sources. For any conditions not covered {n this
chapter, see ASHRAE criterie. This 18 a four-volume publication with
titles as follows:

(1) ASHRAE Handbook + Product Directory, Fundamentals.
(2) ASHRAE Handbook + Product Directory, Applications.
(3) ASHRAE Handbook + Product Directory, Equipment.
(4) ASHRAE Handbook + Product Directory, Systemse.

2. CANCELLATION. This manual on Refrigeration Systems For Cold Storage,
NAVFAC DM-3.4, cancels and supersedes Chapter 6 of NAVFAC DM-3,
Mechanical Engineering, of September 1972.

3. RELATED CRITERIA. Certain criteria related to the subject matter of
this chapter appear elsewhere in the NAVFAC DM series. See the following
sources:

Subject Source

Cold Storage Area RequirementSe......NAVFAC DM-32.2
Water Treatmentesessvesesessosnvses s NAVFAC DM-5 Series
Noise and Vibration Control of

MechaniCal Equipment.-.-...:........NAVFAC DM‘3010

304"1




4. POLICY. The minimum cost of owning and operating the system ani any
standby equipment used are factors for consideration before selection of
equipment.

2. Application. Cold storage and ice plant criteria shall conform
to the requirements of Department of Defense Construction Criteria Manual
(DOD 4270.1-M), Occupational Safety and Health Act (OSHA), Enviroumental
Protection Agency Regulationg, National Codes, local and State codes, and
Executive Orders as applicable.

be Cost. The primary criteria in system design and selection of
materials shall be of high reliability and lowest owning, operating and
maintenance coste.

c. Standby. The extent of standby equipment, if provided, shall be
limited to a practical minimum by taking into consideration the following
factors:

(1) size. Standby equipment shall be sized for normal heat
loss due to transmission, defrost load, minimum usage load and wminimum
or. if possible, no product load.

(2) Standardization. The type and size of equipment, such as
compressors; cooling units, and refrigeration accesgories, on each
installation shall be standardized to minimize the extent of standby
equipment and stocking of spare parts.

(3) System flexibility shall be sufficlent to assure essential
cooling in the event of partial breakdown or partial shutdown for
maintenance and economical operation at light loads.

(4) Spare parts. As far as possible, essential spare parts
shall be provided instead of complete standby equipment.

(a) Example. In lieu of a compressor, spare parts such as
valve plate assembly, shaft seal, and drive belts, may be considered
adequate. Instead cf a complete spare cooling unit, the installation may
have spare fan motor and expansion valve.

(b} Inventory. The inventory of spare parts shall be
minimized by standardizing the type and size of equipment at one
installation.

d. Expansion. It there {s any possibility of future expansion at a
site, refrigeration system shall be designed in such a manner that
exparsion may be carried out in the most economical manner without
excessive disruption of the existing facilicites.
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Section Z. DESIGN PROCEDURE

1. INFORMATION REQUIRED FOR DESIGN. In order to desaign refrigeration
systems, it {8 necessary to obtain information on the following:

a. Location considerations involved in design of refrigeration
systems for cold storage. (Table 1.)

b. Information required about cold storage huildings. (Table 2.)
Cs Information required about cold storage operation. (Table 3.)

2. HEAT GAIN. Heat load of cold storage rooms depends on the following
factors:

a. Heat gain due to transmission through walls, roof, and floor.
b. Heat gain due to solar radiation.
C. Heat gain from products to be stored.

d. Usage heat gain due to infiltration of outside air when cold
storage doors are opened and closed.

e. Internal heat gatin due to lights, people, and other heat sources
inside the storage room.

f. Heat gain from ventilation air.

3. TRANSMISSION HEAT GAIN. Heat gain due to transmission is a function
of outside to inside temperature differentials; overall coefficient of
heat transfer of building elements such as walls, roof, floor, doors; and
area of surface.

a. Outside Design Conditions. Outside design conditions may be
obtained as follows:

(1) Outside design temperatures shall be selecced from the
appropriate columns of the Army, Navy and Air Force Manual, Engineering
Weather Data, NAVFAC P-89, as follows:

(a) Dry bulb temperature from 2~1/2 percent colamn.

(b) Wet bulb temperature from 5 percent coluan.

(2) PFor unlisted location, outside design conditions shall be
obtained from Naval Facilities Engineering Command Headquairters.




be Inside Design Conditions. Inside design requirements depend on
products needing to be stored as follows:

(1) For the best regults, each product should be stored exactly
according to conditions recommended in ASHRAE criteria (Section III 1978,
Applications).

(2) However, it 1s not practicable for command applications to
provide a separate room for almest each product since several different
products are handlad at one site. Therefore, the products to be stored
are divided into groups requiring similar storage conditions. Storage
conditions for many products are listed in Table 4. Unpackaged meats
shall not be stored with unpackaged dairy products or fruits or
vegetables.

Ce Overall Coefficient of Heat Transfer “U"” Factor. For additional .
data, see appropriate tables in ASHRAE criteria (Chapter 27, 1977
Fundamentals).

(1) The "U" factors will depend mainly on type and thickness of

{nsulation material modified according to the type or thickness of wall
or roof construction.

(2) Where wood studs are used for support of {nsulation, "U”
factors shall be increased by 10 percent.

(3) Typical "U" factors for walls and roofs. (Table 5.)

d. Surface Area. The area of cold storage walls, roof, and floor
shall be calculated from project drawings.

e. Heat Gain Throvgh Floor. Heat gain through floors will depend on
the following:

(1) Ground contact. Where cold storage floor slab is in
i contact with the ground, the outside to inside temperature difference for
i floor heat gain shall be based on a ground temperature of 60 degrees F(16
degrees C).

i (2) Alr cavities. PFor ventilated air cavities between floor
1 slab and ground, heat gain shall be based on outside or inside design
conditions depending on which is used for ventilatfon.

E 3.4~4 B
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TABLE 1

LOCATION CONSIDERATIONS INVOLVED IN DESIGN OF REFRIGERATION SYTSTEMS
FOR COLD STORAGE

General
Consideration

Specific Factor

Detalled Information or
Data Required

Location

Environment

Local Factors

Altitude
Latitude

(For calculating

golar loads)
Place

Water

Atmosphere

Labor

Materials
Transporation

Rules, Regula-
tions & Codes

Elevation above sea level
(1) North or south of equator
(2) Degree Line

(1) Outside design conditions
(2) VUnusual surroundings

(1) Corrosion and scaling
properties of local water,
see Design Manual DM-3,
Chapter 9, Section 5 for
details of water conditioning
(2) Temperature

(3) Quantities available

(4) 1s usage allowed by code?
(5) Cost

Outdoor contaminants which
could affect outdoor
equipment, air handling
equipment, filtration

(1) Avatilability, skill and
costs

(2) Design should be based
on use of local labor
Availability and costs
Shipping, receiving and
storage availability of
equipment

The design shall comply with
relevant sections of Naval
rules and regulations; local,
State and Federal statutes
and codes of authorities
having jurisdication over
site, with special
considerations to bullding
code, plumbing code, sanitary
code, electrical code, fire
code, life safety and health
codes; and applicable
standards of Underwriters'
and professional societies.
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TABLE 2

INFORMATION REQUIRED ABOUT COLD STORAGE BUILDINGS

Type of Construction

Surrounding Condition

Access

Bracing, etce.
Seismic Effects
Expansion and
Settlement
Joint

Walls, Roof,
Floors
Insulation
Outside
Adjacent Spaces

Adjacent Buildings

Doors

Stairways and

[Category Factor Specific Information Required
Architectural Scale Drawings Plans, elevations, sections
Design orientation

Structural Type of Structure:

Degign Columns, Beams, Size, depth, location

Record and pattern

Location and expected
movement of joints

Materials, thickness

Type, thickness, "k" or "C”
value, "R" facror

Design conditions, summer and
winter

Conditioned or Unconditioned
temperatures

Shading

(1) Location, type, size and
usage

(2) Doors for access to and
removal of conditioning
equipument.

(3) Access of 1ift trucks
(1) Location and stze

Elevators (2) Temperature of
connecting spaces
(3) Equipment horsepower
(4) Ventilation requirements
304-6




TABLE 3

INFORMATION REQUIRED ABOUT COLD STORAGE OPERATION

[Factor Details
Lighting: Wattage at Peak
People: (1) Average number in space

-~

(2) Activity
(3) Duration of time in space

Equipment: (1) Heat output of motors and machines
used in space
(2) Load factor or hours of operation
(3) Weight, temperature, specific heat
of material handling equipment brought
into space

Product (1) Type, weight, specific heat of
product
(2) Temperature of product prior to
storage

(3) Final temperature of product
(4) Maximum allowable chilling or
freezing time

(5) Frequency of loading

(6) Type, weight, specific heat of

containers

Ventilation: Alr quantity requirements for product
or people

Infiltration: Size and usage of doors

Purpose of Building: Chilling, freezing, storage, single

temperature, multiple usage

Location of Equipment: Ductwork, unit coolers, refrigeration,
heat rejection equipament

Al
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TABLE 4

TYPE OF COLD STORAGE FACILITIES

Design Teap.
Room Degrees F RH Percent Product Stored
(Degrees C)
Meat 32 to 34 85 Fresh meats, fresh fish,
(0 to 1) chicken, short term
storage
Dairy 40 (&) 80 Cheese, eggs, butter
Perishable 35 to 40 90 Fruits, vegetables, with
Foods (2 to &) storage teumperature of
30 to 40 degrees F
(-1 to 4 degrees C)
Fila (Less 45 to 55 40 Unprocessed photographic
than 1 year) (7 to 12) film
Fila (Longer 0 to -10 85 New film in sealed
than 1 year, (-18 to -21) packages
except motion
picture film)
Freezer
(Short Term) 0 (-18) 90 Frozen package goods
Freezer
(Long Term) -10 to =20 90~95 Frozen products: Meat,
(=23 to -29) figh, poultry, ice
cream, vegetables, etc.
Dry Storage 50 (10) 55-65 Fruits, vegtables and
miscellaneous products
with storage temperature
of 45 to 60 degrees F (7
to 16 degrees C)
Ice 25 (-4) - Bagged fice
Medical
(Non Frozen) 40 (4) 50 Antibiotics, blood
vaccines
Medical
(Frozen) -4 (-20) 85 Bone and blood
Environmental =55 (-48) - Altitude chambers
to High
Temperature

SI Units in Parentheses (Degrees C)

3.4-8
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TABLE 3

TYPICAL "U" FACTORS FOR WALLS AND ROOFS
BTU/(HR) (SQ. FT) (DEG. F)*

Insulation |Polyurethane Polystyrene Fiber GlassCellular
Thickness Glass
Inches (mm) k=.16 k=,20 k=,25 k=,23 k=.36
2 (51) «063(0.392)] 083 (.471) | 4100 (.567) | +093(.528) |4132(.749)
3 (76) .048(0.272)] .059 (.,335) | .071 (.403) | «066(.375) ].097(.551)
4 (102)f .037(0.210)| .045 (.255)| 056 (.318) | .052(.295) {.076(.431)
5 (127)] .030(0.170)| .037 (.210)| .045 (.255) | «042(.238) }.063(.358)
6 (152)! .025(0.142)| .031 (.176)] .038 (.216) | .036(.204) |.054(.307)
* SI Units in Parentheses (w/(mz)(k))
Notes:
(1) "U” factors are calculated assuming a resistance R of other

components including films of 2.0 (hr.) (sq.ft.) (deg. F)/(Btu).

(2) R values for insulation may be found from formula R=X/k
R=regsistance (hr.) (sq.ft.) (deg F)/BTU

3)
(#)

Cellular plastics cannot be used as {interior finish materials.

Insulation shall have a flame spread rating not higher than 75,

and smoke developed rating not higher than 150 by Standard Test Method
for Surface Burning Characteristics of Building Materials ASTM E~84

test.

Cellular plastic insulation shall be tested i{n the same density

and thicknesses as the material that will be used in consturction
applications.

(5

Insulation has no flame gpread or smoke limitations:
(a)

(b) Where the entire panel assembly as will be used in the
actual construction application meets the flame spread and smoke
developed limitations cited above 1in (4), and

Where it 18 contained entirely within panels, and

(c) Where it is listed by Underwriters' Laboratories or Factory
Mutuai.
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4. HEAT GAIN DUE TO SOLAR RADIATION. Heat gain from solar radiation
must be considered according to the following:

a. Heat Gain Through Walls. Usually cold storage walls and
ceilings have insulation not less than 2 inches thfick which {ncreases the
thermal inertia of the structure. The effect of solar radiation on
insulated walls is to increase that load only slightly. (See ASHRAE
criteria, Chapter 27, 1977, Fundamentals.)

b. Heat Gain Through Roof. The effect of solar heat gain on roofs
exposed to solar radiation {s somewhat appreciable, and should be
conslidered in heat load calculations. (See ASHRAE criteria, Chapter 25
and 27, 1977, Fundamentals.)

5. PRODUCT HEAT GAIN. Products brought into cold storage in bulk are
usually at temperatures higher than inside design temperature.

a. Heat Gain From Products. Heat from products is a function of
weight of products loaded in cold storage at each shipment, specific heat
or products, temperature of products at time of loading, final product
temperature and cooling time which is usually 13 to 24 hours.

b. Respiration Influence. Some Products contlnuously give off heat
as respiration, reaction, or latent heat, but the total amount thus added

into the space is usally negligible as compared to the sensible heat of
products.

Ce Heat Load Factors. The quality of products brought in each
shipment for storage will depend on the project criteria. The
temperature of the products, if precooled, is usually assumed to be 10
degrees F higher than the storage temperature. The temperature of
uncooled products is usually assumed to be the same as the outside design
temperature. Refer to ASHRAE criteria for specific heat of various
products. (See Chapter 29, 1977, Fundamentals.)

d. Product Freezing Influence. Generally, only frozen products are
brought for storage in a freezer room.

(1) If the freezer room is used to freeze the products, the
heat load will be a function of weight of material to be Zrozen, latent
heat of fusion of materials and freezing time.

(2) See ASHRAE criteria for latent heat of different materials
(Chapter 29, 1977, Fundamentals.)

(3) Some sensible heat load may also be encountered depending
on factors such as weight of products loaded, temperature of the product
at the time of loading, specific heat above freezing, specific heat below
freezing, and final temperature.

3.4-10




.

b ol God ek Gpui s b owd Gl S N O SB B W, OB

“ i

pd

e, Product Heat Gain Calculations.

(1) Heat .cmoval in cooling from the initial temperature to
some lower temperature above freezing:

EQUATION: Q*Mci(t-t2) (2-1)

(2) Heat removal in cooling from the initial temperature to the
freezing point of the product:

EQUATION: Q=Mcq(ty-tg) (2-2)
(3) Heat removal to freeze the product:

EQUATION: Q=Mhj ¢ (2-3)

(4) MHeat removal in cooling from the freezing point to the
final temperature below the freezing point:

EQUATION Q=Mcy(t¢-t3) (2-4)
Where

Q = heatr removed, Btu.

M = mass of the product, pounds.

€1 = gpecific heat of the product above freezing, Btu per (pound)
(degrees Fahrenhetit).

1 = initial temperature of the product above freezing, degrees
Fahrenheit.

t2 = lower temperature of the product above freezing, degrees
Fahrenheit.

tf = freezing temperature of the product, degrees Fahrenheit.

h{f = latent heat of fusion of product, Btu per pound.

€2 = gpecific heat of the product below the freezing point, Btu per
(pound) (degrees Fahrenheit).

£3 = Pinal temperature of the product below the freezing point, degrees
Fahrenhelt.

It is usually necessary to remove heat from the product in a given number
of hours. The equivalent in Btuh 1s:

q = Q/(hours required for products cooling)

6. INFILTRATION HEAT GAIN. Heat galn due to infiltration will depend on
frequency of door opening. (See ASHRAE criteria for calculation of heat
gain due to infiltration, Chapter 27, 1977, Pundamentals.)

7. INTERNAL HEAT GAIN. Internal heat gain for small cold storages tis
usually negligible because people are present only during loading and
unloading periods, lights are on only during these periods, and other
appliances are seldom provided. For special applications haviung internal
heat loads, see NAVFAC DM-3.5,
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8. VENTILATION HEAT GAIN. Ventilation is seldom supplied to cold
storage facilities since people are usually only present for loading and
unloading. If ventilation is required for people or product, load 1s
calculated the same as infiltration.

9. CAPACITY OF REFRIGERATION EQUIPMENT. The capacity of refrigeration
equipment shall be based on satisfying the total maximum heat load of
cold storage for 24 hours with operation of refrigeration equipment for
16 hours because of air defrost requirements. If electric, hot gas or
water defrost is used, capacity could be calculated on 20 hour operation.
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Section 3. REFRIGERATION SYSTEM

Part 1., SYSTEM SELECTION

1. REFERENCE. Refer to ASHRAE criteria. (Chapter 24, 1976, Systems.)

2. TYPE OF SYSTEMS. The type of refrigeration system may be either
direct expansion or indirect. Normally, direct expansion systems should
be used. Indirect systems may be preferred if the installation has a
large number of rooms and each room is maintained at a different
temperature, or if refrigerant piping is very long and complicated due to
interconnections. The final selection shall be based on a system of
having the lowest life cycle cost.

a. Direct Expansion System. In this system, the air in cold
storage 15 cooled directly by an evaporator or evaporators connectad to a
compressor.

be. Indirect System. These systems may have one or two compressors
with shell and tube evaporators for cooling brine. The evaporator and
compressor with or without condenser are usually arranged in a
factory-assembled package.

(1) Brine circulation. In this system, brine ls circulated
through the unit coolers in various cold storage rooms. It 1s cooled to
a temperature required to satisfy the heat load of the room desgsigned for
the lowest temperature.

3. REPRIGERANTS. Refrlgerant selection affects both first costs and
operating costs. The most common refrigerants used in cold storage
refrigeration systems L8 one of the halocarbon compounds R-12, R-22,
R-502 or ammonia (R-717).

a. Halocarbon Refrigerants.

(1) Halocarbon refrigerants are rated as group 1 according to
ANSI B9.1-1971/ASHRAE 15-1978 Safety Code for Mechanical Refrigeration
and are considered nonflammable. Refrigerants R-22 and R-502 are
classified as group 5a according to Underwriters' Laboratories
classif,cation of comparative hazard tc life of gases and vapor while
R-12 is classified as group 6. These ratings indicate the halocarbons
are safer to use than ammonia and are generally preferred for safety
reasons.

(2) The halocarbon refrigerants can be used satisfactorily
under normal conditions with most of the common metals such as steel,
cast iron, brass, copper, tin, lead, and aluminum.




(3) Because of thelr physical properties, the halocarbons are
better suited to air-cooled condensing. The required lower compression
ratios allow the use of lighter equipment.

(4) Types of halocarbon refrigerants:

(1) Refrigerants 12, 22, and 502 should be used within
their saturated suction temperature range for single stage compressors,
but they may be used down to -80 degrees F (~62 degrees C) with compound
or cascade systems.

(11) Refrigerant 22 is preferred over R-12 in single stage
systems because only approximately 60 percent of the compressor *
displacement is required. Additional advantages are: less refrigerant
circulated per ton, smaller pipe sizes, and higher suction pressures.

(111) Refrigerant 12 is used by compressor manufacturers
to increase the number of available units without adding sizes of

compressors. It does have a slightly lower brake horsepower per ton than
Refrigerant 22.

(1v) The main disadvantage with Refrigerant 22 is ofl
return, and therefore, an efficlent oll separator must be used.

(v) R-502 has lower brake horsepower per ton than R-22.

b. Ammonia Refrigerant.

(1) Ammonia is rated group 2 according to ANSI B9.1 1971/ASHRAF :
15-1976 Safety Code for Mechanical Refrigeration and is considered #
explosive when present in a range of 16 to 25 percent by volume in air. -
It 18 rated as group 2 according to Underwriters' Laboratories 3
classification of comparative hazard to life of gases and vapors.
Alcthough ammonia is a toxic material, it 1s considered a self-alarming
refrigerant. Its smell makes leaks quickly detectable, 1

(2) Most of the common metals can be used with ammonfa with the
exception of copper, brass, bronze, and zinc.

Ce Refrigerant Performance.

(1) Table 6 lists comparative refrigerant performance for four
common refrigerants based on 5 degrees F (-15 degrees C) evaporation and
86 degrees F (30 degrees C) condensation. ~

3.4-14
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TABLE 6
COMPARATIVE REFRIGERANT PERFORMANCE*
Typical
Saturated
Refrigerant Suction
Compression Circulated Temperature
Refrigerant BHP/Ton Ratio 1b./min./ton | Degrees F
(W/W) (kg/s/W) (Degrees C)
R-717 0.989 4.94 0.422 -10 to 40
(0.210) (11) (=23 to 4)
(0.212) (108) (-1 to 10)
R-22 1.011 4.03 2.86 30 to S0
(0.214) (77) (-1 to 10)
R-502 1.079 3.75 4,38 ~40 to O
(0.229) (118) (=40 to -18)

* SI Units are in parentheses

(2) Because of the higher required compression ratio, ammonia
compressors are heavier in construction than halocarbon compressors; but
because of the greater refrigeration effect, the compressor size is
smaller or the operating speed is less. The heavy duty machinery
generally has a long life and low operating costs.

de Leak Detection of Halocarbon Refrigerants.

(1) There are several methods of leak detection, the most
common being the electronic detector and the halide torch. The operation
of the electronic detector depends on the variatfon in current flow due
to ionfization of decomposed refrigerant between two oppositely charged
platinum electrodes.

(2) The halide torch is8 a fast and rellable method of detecting
leaks of halocarbon refrigerants. Air is drawn over a copper element
heated by a methyl alcohol or hydrocarbon flame. If halocarbon vapors
are present, they will be decomposed and the color of the flame will
change to bluish green. The electronic detector is the most sensistive
although the halide torch is suitable for most purposes.

3.4-15




e. Leak Detection of Ammonia. Ammonia leaks are qaickly detected
by smell. Location can be found by burning a sulfur candle {n the
vicinity of the suspected leak or by bringing a solucion of hydrochloric
acid near the object. If ammonia vapor is present, a white cloud or
smoke of ammonia sulfite or ammonium chloride will be formed. Ammonia

can also be detected with an indicating paper which changes color in the
presence of a base.

4. COMPRESSOR EQUIPMENT. Positive displacement compressors are used for
these refrigeration systems.

a. The types of positive displacement compressors used are
reciprocating, rotary, and helical rotary (screw). (See ASHRAE criteria,
Chapter 12, 1979, Equipment.)

(1) In general, reciprocating or helical rotary compressors
with factory-assembled condensing equipment are used.

(2) For rooms with high product loads, it 1s generally required
to have some form of capacity control such as suction valve lift
unloading, cylinder head bypass, or multiple units. On compressor
systems v ith saturated suction temperatures lower than 20 degrees F (-7
degrees C), cylinder unloading should not be used; individual compressors
shall be cycled.

(3) The comnressor shall be selected for suction pressure
corresponding to design compressor suction temperature. Allowance shall

be made for pressure drop in suction piping from the evaporator to the
compressor,

For unitary equipment, allowance must be made for compressor
running time versus defrost time. For off cycle defrosting, the net
refrigeration effect of the compressor based on 16 hours of operation
shall not be less than the design heat of the cold storage room for 24
hours. For hot gas or electric defrost, 20 hours running time is
acceptable. For central station system with multiple evaporators, the
compressor can run all the time.

(4) 1If a coumpressor 1s connected to more than one evaporator
and the evaporators are operating at different saturated suction
temperatures, then the compressor capacity shall be based on the
saturatad suction temperature correspondi-g to the evaporator with the
lowest saturated suction temperature.

b. Compressor Drives. Electric motor-driven compressors are
generally used for stationary installations. (See Electrical criteria in
Section 8 for sizing motors.) 1If electricity is not available,
compressors may be driven by gasoline or diesel engines.
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(1) Types of electric motor drives.

(a) Open~type. These motors are usually squirrel cage
type induction motors and may be connected directly to or by belts to the
compressor. These motors shall have normal starting torque
characteristics unless the compressor has no unloading capability. The
high starting torque motors are then required. This type motor is always
used on ammonia systems and parallel type operation of halocarbon
refrigerants.

(b) Hermetic type and semi~hermetic type. These motors
are in a separate class since they are cooled by liquid or vapor
refrigerant at temperatures much lower than air-cooled motors. They are
not rated on a horsepower basls, but generally by full load and locked
rotor currents. The use {5 limited to less than 25-ton (88 kW) systeas.
Hermetic or semi-hermetic gsystems shall not be used with ammonia systems.

(2) Gasoline and diesel engines. Gasoline or diesel engines
may be used 1if electric power is not available.

(a) Starting. In order to start the engine unloaded,
provide a clutch between the engine and compressor. The clutch may be
magnetic slip, hydraulic, or mechanical type.

S. HIGH SIDE EQUIPMENT, CONDENSERS, AND CONDENSER WATER SYSTEMS.
a. Air Cooled Condensers. Economy of operation, installation,

availability of, and noise level are factors indicated below that should
be considered in selecting an air-cooled condenser unit.

(1) Application. Air-cooled condensers are usually used as an
integral component of a factory-assembled unit or in factory-matched
components. Larger alr cooled condensers may also be applied where it is
not economical to provide a water—-cooled system due to high cost,
unavailability or unsuitability of water, where 12 month operation is
required, or where an economic analysis favors air-cooled condensing.

The most ~ommon avallable sizes range from 2 to 100 tons (7 to 352 kW)
capacity.

(2) Economfical selection. For a glven compreasor and entering
alr temperature, the condensing pressure increases aand cooling capacity
decreases as the condenser size ir reduced. An entering air temperature
increase also produces these effects for a given condenser. Generally,
for economical selection, the condensing temperature should be about 15
degrees F (~B degrees C) above the entering air temperature. The
condensing temperature shall not be lower than 10 degrees F (-12 degrees
C) and not more than 30 degrees F (-1 degree C) above entering air
temperature. To obtain compressor systems that operate more efficiently
and with longer compressor life, the saturated condensing temperature
should not be more than the following:
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(a) 115 degrees F (46 degrees C) when the saturatated
suction temperature is zero degrees F (-18 degrees C) or above.

(b) 1190 degrees F (43 degrees C) when the saturated
suction temperature is below zero degrees F (-18 degrees C).

The ultimate maximum condensing temperature shall not
exceed 130 degrees F (54 degrees C).

(3) Grade installations. Units should be elevated above the
ground to prevent dirt accumulation on the coil.

(4) PRoof installations. Design for roof-mounted units should -
compensate for higher roof ambients by increased air flow and location of
air intake.

(5) Noise. Due to the large quantity of air handled,
air-cooled condensers are usually noisy. While locating air-cooled
condensers, consideration shall be given to transmission of objectionabie
noise to the adjoining area. For acoustical control, see NAVFAC DM-1,
DM-3.10, and DM~3.15.

(6) Alr intake. The air intake side shall be free from any
obstructions that restrict air flow. Air intakes shall be located away
from the air discharge side to avoid bypassing of warm discharge air.

(7) Head pressure control. In systems using thermal expansion
valves, a relatively constant pressure of the high side needs to be
maintained. Cold ambient air temperatures across the condensers can
cause a condensing pressure so low that expansion valves on the
evaporator will not operate properly. 1In mild climates, cycling of the
condenser fans can maintain near constant head pressure.

Units scheduled to operate at low ambient temperatures
shall be provided with automatic head pressure control systems such as
the following:

(a) Pressure controlled dampers to regulate condenser
cooling afir.

(b) Throttling valve that maintains high side pressure by
reducing liquid flow from the condenser, thus flooding part of the
condenser and reducing active condenser surface.

The system selected should minimize operating horsepower.

b. Water-Cooled Condensers. Three types of water-cooled condensers
are discussed below. The use of each type and the most economical types
are also discussed. Water-cooled condensers, when clean and properly
sized, generally operate more efficiently than air-cooled condensers
especially in periods of high elevated air temperatures. Water is
usually supplied from cooling towers, but a closed water circulating
system 18 also used extensively.,
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(1) Types. Types of water-cooled condensers are as follows:

(a) 1In the double pipe condenser, the tube carrying the
water is placed within a larger tube, and the refrigerant gas 1is passed .
between inner and outer tubes. This type is usually used only with small 4
self-contained units. X

(b) The shell-and=-coil type has a coil of pipe placed
inside a closed shell. The cooling water flows through the coil while
the refrigerant gas to be condensed ir discharged by the compressor into
the shell. This type is used on small and medfum-sized condensing units.

{¢) The shell-and-tube condenser has a number of tubes
which are assembled in a large shell. The cooling water is circulated
through the tubes and discharge gas from the compressor is condensed in
the shell. Shell-and-tube condensers can be cleaned and serviced very
convenlently. Large sizes are often provided with marine-type boxes
through which all the tubes can be reached without disconnecting the
water plpes.

i od d DO M m

(2) Economical selection. The following factors which affect
initial and operating costs, shall be considered carefully to select the
most economical condenser:

i [}

(a) 1Increasing the size of a condenser will increase the |7
compressor efficiency, but at the same time the initial cost of the ¥
condenser will also increase.

IR |

. (b) Increasing the cooling water flow will increase the
o condenser capacity, but will also increase the pumping cost or the water
consumption.

(¢) Reducing the shell diameter and increasing the tube
length will reduce the initial cost, but will increase frictional
pressure drep of the water circult.

i

(d) The fouling factor, sometimes termed the scaling
factor, depends on the quality of water. Generally, new condenser
ratings are based on a fouling factor of 0.0005, and where water with
higher scaling characteristics will be used, a higher fouling factor
shall be selected. The condensers selected for a higher fouling factor
will be more expensive. (See ASHRAE criterla for fouling factors,
Chapter 16, 1979, Equipment.)

fed e S

(3) Closed system. Water is force circulated through condenser
and closed coil in a cooling tower. Water is permanently treated in the
system and does not deteriorate. Condenser efficiency is kept high. The
system is different from the evaporative condenser system because water
or brine is circulated in lieu of refrigerant. Rate of flow of water 1is
about 4 gallons per minute per ton of refrigeration.

§

AR L L LW Lt ol TR S
5§ ol
.

§ i

30“"’19 o 4

[ A )

B .

; '
_un,ywu“w-iho-.mﬂu '{
. .

L C LT - s - k)




L e TR

Co Evaporative Condensgers.

(1) Operation. The evaporative condenser {s an air
induced-draft cooling tower with a bare pipe refrigerant coil wetted by a
water spray located in the alr stream. The water evaporating over the
tubes extracts heat from them and causes condensation of the hot
discharge gas circulating through the tubes. The water is recirculated ;
by a pump and the water level is maintained by a float control. 4

(2) Water consumption. The water comsumption, inclusive of
evaporation, drift, and other losses, will bc 2 to 5 gallons per hour per
ton of refrigeration.

(3) Economic selection. Generally, evaporative condensers are
selected on the basis of 20 to 30 degrees F (-7 to -1 degrees C)
difference between the entering wet bulb and condensing temperatures.
Selections for the lower differences will result in lower power .
consumption.

{(4) Subcooling. In some instances, evaporative condensers are
provided with liquid subcooling coils to reduce the temperature of liquid
below the temperature equivalent to the condensing pressure. While
subcooling of the liquid increases the total refrigeration capacity, a
more beneficlal effect is the elimination of expansion valve and liquid
1ine troubles from gas flash. 1 8

(5) Limitations.

(a) Evaporative condensers may be used only when the water
available for make—up does not have scaling properties and with suitable
water treatment. Evaporative condensers are more prone to corrosion and
scaling than any other type of condenser due to high gurface temperature
of tubes, presence of alr together with water, and electrolytic action of
dissimilar metals.

4. Receivers

(1) Application. In shell-and-coil and shell-and-tube
condensers, the shell may also be used as the raceiver for the condensed
refrigerant. Separate receivers are provided for air-cooled, double-pipe
and evaporative condensers.

(2) Size. Every refrigeration system shall have a receiver
large enough to hold the entire refrigevant charge of the system during
geasonal shutdown or maintenance worke The refrigerant charge shall have
a volume no more than 90 percent of the receiver volume for storage :
temperature of not i.ore than 105 degrees F (41 degrees C); for storage i
temperatures higher than 105 degrees F, the charge shall have a volume of o
not more than 80 percent of the receiver volume. If the receiver of a
factory-built system it not large enough, provide an additional receiver
to supplement it.
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(3) Gas binding at receiver. For data concerning gas binding,
see ASHRAE criteria. (Chapter 26, 1976, Systens.)

e. Condenser Water System.

(1) Heat rejection. Quantity of heat to be rejected is
dependent on the evaporator load plus the heat equivalent of the power
required for the compressor.

(a) Quantity of heat rejected. This can be obtained from
the compressor ratings or estimated by multiplying a heat rejection
factor by the evaporator load or by adding the equivalent heat of the
driver power to the evaporator load.

(1) Heat rejection factor. Typical heat rejection
factor (HRF) (ratio of condenser heat rejected to heat absorbed by
evaporator) for compressor driver refrigeration systems using refrigerant
12 can be selected from Tables 7 or 8.

(11) Total heat rejection. The quantity of heat to be
rejected to the condenser water is a function of the type of compressor,
type of refrigerant and the operating temperatures. The total heat
rejection ratio can vary from 15,000 BTUH/TON to 36,000 BTUH/TON (1.25 to

3 W/W.

(b) Quantity of condenser water. The quantity of water
required by a condenser depends on the following:

(1) Heat rejection of the refrigeration system (q).

(11) Entering condenser water temperature tg.;
generally 75 degrees F (24 degrees C) for the domestic water and 85
degrees F (29 degrees C) for the cooling tower water.

(111) Leaving condenser water temperature tj.;
generally 95 degrees P (35 degrees C) for compressor driven refrigeration
system.,

(1v) Quantity of condenser water can be calculated
from the following formula:

GPM = q
500 X (Ylw - Cew)
GPM = Quantity of condenser water, GPM
q = heat rejection, BTUH
ti1w = Temperature of the leaving water degrees F
tew = Temperature of the entering water, degrees F

30[0-21
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TABLE 7
HEAT REJECTION FACTORS ~ OPEN COMPRESSORS

REFRIGERANT 12

Condensing Temperature Degrees F
Evaporator (Degrees C)
Suction
Temperature
Degrees F 80 90 100 110 120 130
(Degrees C) 27) (32) (38) (43) (49) (54) .
~30 (-34) 1,42 1.46 1.52 1.57 1.63 1.71
=20 (-29) 1.38 142 1.47 1,51 1.57 1.64 ‘
-10 (-23) 1.34 1.37 1.42 1.46 1.51 1.57
0 (-18) 1.30 1.33 1.37 l.41 1.46 1.51
10 (-12) 1.26 1.28 1.31 1.35 1.40 1.45
20 (-7) 1.22 1.24 1.27 1.30 1.34 1.38
30 (-1) 1.18 1.20 1.23 1.26 1.29 1.33
40 (&) 1.14 1.16 1.18 1.21 1.25 1.28
50 (10) 1.10 i.12 1.15 1.18 1.21 1.24
'}
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TABLE 8
HEAT REJECTION FACTORS - HERMETIC OR SEMI-HERMETIC COMPRESSORS

REFRIGERANT 12

Evaporator Condensing Temperature, Degrees F (Degrees C)
Suction

Temperature

Degrees F 80 (27)[ 90 (32) | 100 (38) [ 110 (43) | 120 (49) | 130 (54)

(Degrees C)

=30 (-34) 1.47 1.51 1.57 1.64 1.70 1,77

-20 (-29) 1.43 1.46 1.52 1.58 1.64 1.71

=10 (-23) 1.38 1.42 1.48 1.53 1.59 1.65
0 (-18) 1.34 1.38 1.43 1.48 1.54 1.60
10 (-12) 1.30 1,34 1.39 1.44 1.50 1.56
20 (-7) 1.26 1.29 1.34 1.38 1.43 1.49
30 (-1) 1.22 1.25 1.29 1.33 1.38 1.43
40 (4) 1.17 1.21 1.25 1.29 1.33 1.38
530 (10) 1.13 1.17 1.20 1.24 1.29 1.33

1

(2) Once-through system. In a once-through system, the warm water
leaving the condenser is usually wasted to a drain. The cooling water
supply shall be from raw water sources only, such as wells, lakes, ponds,
rivers, or the sea. Once-through systems are usually designed for a flow
rate of 1.5 to 2 gallons per minute per ton (0.332 to 00.45 cubic metres
per second per watt (m3/3/W)) when the temperature of water entering
the condenser 1s maintained at 75 degrees F (24 degrees C) or higher or
throttled to give the effect of 75 degree F (24 degrees C) water.

(a) Well water system. Systems shall be designed to use well
water only when wells of sufficient capacity are available. Wells may be
drilled for refrigeration if economically or technically feasible.
Existing wells may be used for condenser cooling if the water is of
acceptable quality and temperature.

(1) Disposal of waste water. Waste water {s usually returned
to dispersion wells or leaching fields to make up for the water drawn
from the cooling wellis.

(11) Condenser construction. Condenser design should be

adaptable for mechanical cleaning. Materials used in construction should
be suitable for quality of water available.
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(b) Lake, river, or sea water system. Economic considerations
involved in selection of this system shall include the cost of pumping
installation, filtration equipment, and spectal construction materials 3
required by the quality of the water. 3

(3) Condensing water cooling devices. Cooling towers or spray ponds
used to cool condenser water to eliminate uneconomical domestic water
waste. These cooling devices shall be located to minimize problems of
drifc, fogging, alr recirculation, noise, and/or entry of contaminants A
into the device such as follage, fly ash, and earth. :

(a) Performance. Recirculation systems are usually designed for a
flow rate of 2.5 to 4 gallons per minute per ton (0.55 to 0.88 m3/s/W)
which will correspond to a cooling range of 8 to 12 degrees F (-13 to -11
degrees C) . Actual flow rates will depend on evaporating temperature,
condensing temperature and design wet bulb temperature.

(b) Cooling pond or spray pond. Condenser water will be cooled by
cooling pond or spray pond only if the architectural scheme of the site
so permits.

(i) Spray nulsance. 1If a spray pond is used, consideration
shall be given to the effect of molsture carryover due to wind.

(11) Water treatment. Water treatment for control of algae
shall be provided. Controlled bleed off of water shall be provided to
control salts build-up in system.

(111) Water consumption. Water consumption will depend on spray
design and prevailing wind velocities at the site. For average
conditions, total water consumption due to pond evaporation and other
losses may be 10 percent of the quantity circulated.

(¢) Atmospheric cooling tower. The following disadvantages should
be constidered when selecting atmopheric cooling towers:

1) Space. Atmospheric cooling towers need more space than
mechanical draft cooling towers.

(11) Water consumption. The total water consumption due to
evaporation and other losses will be 3 to 5 percent of quantity
circulated.

(11{) Reliability of performance. The performance is not
reliable, since it 1s affected by wind velocity and direction. The ,
selection should be bagsed on zero miles per hour wind velocity, o '3

(d) Mechanical draft cooling tower. Mechanical draft cooling towers
may be induced-draft or forced-draft type. Induced-draft type towers are
preferred because they are leas susceptible to recirculating moist afir
discharged from the unit and they consume less energy due to lower hp -3
requirement. R
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(1) Recirculation of air. Towers shall be so installed as to
avold any recirculation of discharge air through them. If there is any
chance of recirculatfon, towers shall be oversized by selecting them for
a wet bulb temperature higher than normal design wet bulb temperature.

(11) Water cunsumption. The water consumption due to
evaporation and other losses including bleed-off to prevent scaling or
buildup of deposits will be approximately froa 1-1/2 to 5 percent of the
quantity circulated.

(e) Cooling tower construction. The cooling tower should be
constructed from materials that will give a reasonable service life for
the specific service conditions. Construction shall meet fire and safety
codes. (See Water Cooling Towers, NFPA Standard No. 214.)

(f) Capacity control. Capacity control shall be provided on
cooling towers designed to work the year around, with a variable load so
that the water temperature will not fall below 75 degrees F (24 degrees
C). Control types include:

1) Small indoor cooling towers. Use modulating dampers on
outlet.

(i1) Large outdoor cooling towers. Provide multispeed fan '\
motors and modulating dampers on air inlets. P

(111) By-pass condenser water into ccoling tower basin or
interior storage tank or into condenser water supply line. A modulating
three-way diverting control valve shall be used upstream of cooling tower
or two-way valve shall be installed in the bypass line.

(g) Winter operation. These precautions shall be followed {f
condenser water systems are expected to work in freezing weather:

(1) Outdoor piping. All outdoor piping exposed to freezing
weather shall be arranged to drain into the cooling tower pan durfing off
cycle. As an alternate, outdoor piping shall be :raced efther with steam
lines or with electric heating cables to prevent freeze-ups.

(11) Water in pan. During the off cycle, water in the pan shall
be drained into a storage tank located in a heated area. Alternatively,
water in the pan shall be kept from freezing by heating it with an
immersion type heater system (steam or electrirc). In large water pans,
water may be kept warm by circulating it through a steam or electric
water heater.

(h) Water treatmen:. A suitable water treatment shall be included i
to prevent corroslon and algae growth. Blaed-off to controi salts i
buildup shall be discharged from the basin into the drain which shall be
connected elther to a sanitary sewer or industrial waste treatment system.

3.4-25 o




6. LOW SIDE EQUIPMENT, EVAPORATORS. Three different types of
evaporators, their applications and characteristics are:

a. Types of Evaporators. Three types of evaporators and the
conditions under which they are used are as follows:

(1) Bare pipe evaporators. Bare pipe tubing or pipe is
generally used for cooling of liquids in shell-and-tube coolers or in
applications for air cooling below the freezing point of water.

(2) Plate evaporators. In cold storage work, plate evaporators
are used in freezer rooms. Plates may be used as shelves, in which case
the flat surface gives better contact with the product than is obtained
with pipe coils, and therefore, rapid chilling of products is achieved.

(3) Finned coils. .

(a) Finned coils shall have a fin spacing from about 4
fins per inch to about 8 fina per inch.

(b) The unit coolers used for cold storage shall have
finned gurfaces with forced circulation of air over them.

b. Selection Consideration. When selecting equipment, the
following criteria must be considered: [

(1) Refrigerant temperatures. Generally, temperature
differences between room and cooling medium shall be as follows:

s a——y

Freezers, 5 to 10 degrees F (=15 to —-12 degrees C)
Medium Temperature such as datry, 10 to 15 degrees F (-12 to -9

degrees C)

Meat and produce storage, 5 to 10 degrees F (=15 to -12 degrees
°)

Meat and produce preparation rooms, 15 to 20 degrees F (-9 to -7
degrees C)

, (a) 1Increasing temperature difference accelerates frost
1 accumulations on evaporator coils and produces dehydration.

(b) Reducing temperature difference produces a high
relative humidity which results in an increased rate of spoilage in
unfrozen meats and some vegetables.

(c) Actual temperature difference shall be based on the
unit cooler performance data to give the optimum humidity conditions for 3
the products to be stored. (See Section 2 for inside design conditions.) . .

T T B e v ) e

(2) Number of evaporators. The right number of evaporators
must be enough to distribute the cool atir uniformly over the area to be . A
cooled. 3
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(a) The distribution of caol air shall be uniform in every
part of the storage area.

(b) Irregular and/or large rooms may need more than one
evaporator to produce uniform coverage of the entire area.

(c) As an alternate, one cooling unit with ductwork may be
provided to distribute cooling air uniformly.

(3) Air velocity. The velocity of air for forced circulation
units must not be more than 100 feet per minute (0.51 meters per second)

as measured over the stored products. Higher velocitles increase
dehydration of the product.

c. Evaporator Location Considerations. Evaporator or cooling units .
should be located inside cold storage rooms. E

(1) Cooling units should not be suspended in front of doors as
the warm air from outside will be drawn directly into the unit when a
door 18 opened. Air flow should be either towards the door or sideways
against the door to reduce infiltration when the door 1is opened.

(2) For large narrow rooms, cooling units shall be arranged to
blow across the room width to reduce the air velocity over the stored

products. (i
(3) There shall be workable headroom below unit coolers and
drain fittings. 3
7. REFRIGERANT PIPING. Refer to detailed design procedures in ASHRAE - 3
criteria (Chapters 26, 27, and 29, 1976, Systems). 3 -
a. "Refrigerant piping systems should be designcd and sperated to %
generally accomplish the following:
(1) Assure proper refrigerant feed to the evaporators.
(2) Provide practical refrigerant line sizes without excessive
pressure drop.
(3) Prevent excessive amounts of lubricating oil from being
trapped in any part of the system.
(4) Protect the compressor from loss of lubrication at all -
times. - -

(5) Prevent liquid refrigerant or slugs of oil from entering
the compressor, either during operating or idle time.
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(6) Maintain a clean and dry system.

(7) Prevent excess suction gas superheat at the inlet of the
compressor during normal operation.™*

(8) Provide for expansion and contraction of piping. -

be Items to consider to prevent liquids from entering the
compressor:

(1) Provide a suction accumulator in the suction piping to trap
11quids and meter the liquids into the suction line at a controlled rate.

(2) Pitch hot gas piping away from the compressor. Provide
loops in the hot gas line immediately after the compressor to ninimize
the possibility that condensed refrigerant will drain back to the
compressor head. ]

(3) A tightly closing check valve should be installed in the
hot gas line near the condenser to prevent refrigerant that may boil off
from the condenser from condensing in the hot gas line or on the
compressor heads.

8. REFRIGERATION SYSTEM ACCESSORIES AND SAFETY CONTROLS. Table 9 lists
the required accessories for the refrigeration system.

a. When applying a single compressor to multiple evaporators, 13
control accessories are required to maintain constant evaporator pressure
regardless of changes in load.

(1) Multiple evaporators operating at the same temperature.

(a) Install an evaporator suction pressure regulator in
the suction line to the compressor to maintain a constcant evaporator
pressure. For multiple evaporators in same room, temperature can be

controlled by thermostat and liquid line solenoid in lieu of the pressure
regulator.

(2) Mulcriple evaporators operating at different temperatures.
(a) Install an evaporator suction pressure regulator in .
the branch suction line or in the suction line of each evaporator to

maintain a constant evaporator pressure.

(b) A check valve may be installed in the evaporator . . }
operating at the lowest pressure. p:

b, Safety controls are used to stop the refrigeration systems until ’ l
a fault has been located and corrected. Paragraph (2) below contains a
listing of minimum controls necessary.
*  (Reprinted with permission from the 1976 systems volume, ASHRAE
Handbook & Product Directory.)
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(1) Operation. Safety controls shall be wired so that when the
system stops under the action of any safety control, it will not restart
automatically until the fault has been corrected.

(a) On ammonia cold storage plants, the control system
shall shutdown the compressor, room units and main l1quid line stop valve
upon a power reduction/outage and set off an audible and visable alarm
locally and remotely in a monitoring office i{f necessary. The system
would be energized manually after normal (or emergency) power is restored.

(2) Controls. The following is a 1ist of minimum controls for
safe operation of refrigeration systems:

cothh

(a) High discharge pressure cutout.
(b) Low avaporating pressure cutout.
(¢) Low oil pressure cutout.

(d) Motor high temperature cutout.

(e) Flow switch for condenser water.

(€) Flow switch for chilled brine.
(8) Low temperature cutout for brine chiller.
(h) Receliver high pressure relief valve.

(1) Motor overloads

o A d e e el kb e

(j) Time delay relays to prevent short cycling.
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TABLE 9

LIST OF REQUIRED ACCESSORIES FOR REFRIGERATION SYSTEMS

Accessories Application

Discharge Line:

(1) Muffleresecesaseaos Usually for compressors having speed above
1000 rpm.

(2) 01l Separatorecses For discharge or suction line {f oil is -
likely to be trapped.
Recommended for .looded type systems,
For system operating lower than O degrees F
(~18 degrees C) saturated suction ‘
temperature.

Liquid Line:
(1) Sight glasSeeceess Standard for all applications.
(2) Strainerececsceses. Standard for all applications.
(3) Dehydrator with
three-valve
bypass.iececescccans Shall be used for systems having hermetic
compressors or below freezing evaporator
temperaturee.
(4) Solennid Valvesseo Standard for all applications.

Suction Line:
(1) Suction-to-
liquid heat
exchangeressssscse Required for each evaporator especially for
flooded system or if gystem has vertical
11fc for liquid line.
(2) Suction strainer.. When steel piping 1s used for suction line.
Ahead of evaporator pressure regulators.

Isolating Valvegseasso For condenser and evaporator when these are
(Ball or plug valves) installed at location remote from compressor.
' i
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9. SYSTEM SELECTION AND EQUIPMENT LOCATION.

as Refrigeration System for Small Cold Storage Buildings (Up to 25
tons) (88 kW)). The small plant refrigeration system is usually the
single package unit containing evaporator, coampressor, air-cooled
condenser, receiver, halocarbon refrigerant, and control devices {if
suitable outside walls are available for the through-the-wall condenser
section. Split system package units with remote air-cooled condenser
should be used if suitable outside wall is not available. One condenser
shculd be used with each compresscr. The condenser can be located
outside at ground level, on the building roof, or in a common equipment
room with adequate forced ventilation. Compressors in package units are
reciprocating hermetic or semi-hermetic type. Refrigerant system is the
direct expansion halocarbon type; refrigerants R-12, R-22 and R-502 are
all used depending on application. Evaporator fans are the direct
mounted nropeller type either blowing through a coil bank or pulling air
through the coil bank.

The smallest rooms will usually consist of a single air-cooled condensing
unit with a single direct expansion coil in the cold rooam. Control will
be off and on from a thermostat either starting and stopping the
compressor or operating a liquid line solenoid valve which will allow the
compressor to pump down or shut off on a pressure control. Various means
of automatic defrost may be used.

As larger rooms are encountered and also a multiplicity of rooms, a
number of condensing units may be employed with multiple evaporators to
each unit. The unit package system for wall or the split package system
for roof or ground mount of the condensing unit of the factory fabricated
type may be used, singly or in multiple on a single room« Life cycle
cost analysis should be used to determine most ec.nomical choice.

A typical arrangement for the refrigeration equipment applied to a small
cold storage facility is shown on Figure 1.

b. Refrigeration System for Intermediate and Large Cold Storage
Buildings (Over 25 tons (88 kW)).

(1) Recommended system. The recommended system for
intermediate and large cold storage buildings 18 the recirculated ammonia
type. Thia system should utilize reciprocating compressors, evaporative
condensers, fan coil evaporators and necessary accumulators,
intercoolers, and recirculacors.

Evaporators in all spaces that operate at temperatures above freezing
with chill spaces 33 to 50 degrees F (1 to 10 degrees C) shall be on one
set of compressors in one system, and evaporators in epaces below
freezing with freezer spaces 32 to -20 degrees F (0 to -29 degrees C)
shall be on a secoud set of compressors in another system.
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A standby compressor shall be provided in both the freezer system and in
the chill temperature system for pull-down after unloading and for
emergency operation during outage of a compressor unit. For parallel
operation, piping shall be provided to equalize crankcase oil levels. 1In
addition to oil equalizers, parallel systems often use an oil reservoir
and oll level floats on each compressor.

(2) Direct and indirect systems discussion. There are
essentially two types of cold storage refrigeration plants. These are
the direct and indirect asystems. 1In the direct system, direct expansion
coils are used in the cold rooms with the compressor and high side
equipment concentrated in a central machine room. The Lndirect system
utilizes this same type of machine room, and in addition, adds brine
chillers. Brine is chilled in the machine room and is circulated by
pumps through pipe lines to the cold rooms where it {8 circulated through
the cooling units in the various roonms.

The indirect brine system has advantages In siamplicity of operation,
ability of system to absorb short load peaks, ease of control, avoidance
of possible leakage of refrigerant into storage areas, and flexibility of
plping system design. Brine is particularly desirable for convection
coll installation and for large spread out systems. The higher initial
zost due to the need for pumps, motors, valves, and control equipment;
the maintenance costs required for this equipment, and monitoring the
condition and strength of the brlne; and higher power cost due to added
pumps and lower compressor suction temperatures more than offset the
advantages.

Plants can be either or both types. (e type or the other will usually
predoninate.

The normal cold storage plant will have at least two and sometimes more
refrigerant temperature levels available with one refrigerant piping
system at a proper temperature level for cooler storage and another for
freezer storage.

The large machine room shall contain a winlmum of 2 and possibly up to 4
or 5 refrigerant lines to the storage space. One of the chief advantages
of the central machine room is flexibility. By cross connections and the
use of two stages, it 18 almost impossible for a breakdown to occur that
will seriously affect the overall operation of the plant. This is
particularly true with a multiplicity of machines. Freezer storage is
most often handled by booster compressors, with the boosters normally
discharging into an intermediate pressure that is also used for cooler
storage. The optimum booster compressor disch rge may be at variance
from the suction presgsure required for the coolers, but usually is so
close that it is impractical, from an efficiency standpoint, to carry the
optimum i{ntermediate pressure plus that required for cooler storage.

All high stage machines in the machine room shall be valved so that any
machine can operate on any of the high or intermediate pressures.
Boosters serving freezers should be {nterconnected so that they can be
valved into whatever suction duty is required. Variations will be found
in valving of machines depending on the individual plant design.
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(a) Compressors. Three types of compressors are generally
used; these are the open reciprocating, screw, and centrifugal type.

Open reciprocating compressors are used in the 25 through 250 ton (88 to
880 kW) range. Screw machines may be the best choice in a range of 200
through 800 tons (700 through 2800 kW). Centrifugal unite are usually
used for the largest installations.

Many cold storage operations use the medium speed multicylinder

compressor, either direct driven or belt driven at operating speeds of

900 to 1200 RPM, The first cost 1s less than the slower speed machines

and maintenance 18 low and machine life would be long when these machines

are used in a properly designed plant. Adequate safeguardas are a .
necegsity in the plant, with large suction accumulators and intercoolers

being required for proper operation.

Booster compressors most commonly used are the reciprocating type and the -
screw type. Both render excellent service. In a constant suction
pressure plant where the low, or booster, suction is kept at a relatively
constant level, the screw and reciprocating types of compressors will
both operate efficiently. This type of service is used in freezer
storage rooms and in continuous freezers. Where suction pressure can
vary widely, as in some batch freezing plants, the screw compressor can
caugse some problems when compression ratios become too high, but the
reciprocating compressor 1s not particularly bothered by this condition.
The reciprocating machine with internal unloading, can more efficlently
match compressor capacity with system requirements than the screw
compressor. Both types of compressors are used with success in cold
storage operations.

Automation of the cold storage facility is required because the cold
storage plant must operate continuously 24 hours. Heavy duty equipment,
although having a greater first cost, i{s justified by the longer life and
longer maintenance free periods. In stizing electric motors for
compressor drives, the horsepower required should be checked for all
possible conditions of load that may be encountered in the operation of
the plant and a motor selected that will not be overloaded under any
conditions that may be imposed upon it by the compressor it is driving.

(b) Condensers. The larger cold storage plants will use
cooling towers or evaporative coolers for condensinge.

(1) Evaporative condensers. Condensing temperatures
and their corresponding pressures should be kept to the practical minimum
for long equipment life and economical operation. If evaporative ..
condensers are used, desuperheater coils for the incoming refrigerant gas . !
can be used to good advantage, especially in an ammonia installation. A
good desuperheater coil (for ammonia) and proper bleed-off of water, will
minimize scaling problems. With parallel operation of evaporative
condensers, proper trapping of the outlets and sufficient height of the :
condenser outlet above the receiver should be observed to prevent liquid
backup fn the condensers which reduce capacity.
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(11i) Cooling tower with water-cooled shell and tube
condensers. Condensers shall be oversized sufficiently to assure
adequate heat transfer.

(c) Receivers for refrigerant should be sized generously.
It may not be necessary to install receiver capacity for the pump-~down of
the entire plant. Moast large plants are somewhat sectionalized so that
various sections of the plant may be pumped down and adequate receiver
capacity should be installed to hold the charge from the largest
section. It is also good practice to use a standby receiver capable of
handling a bulk truck shipment of several thousand pounds of refrigerant,
since cost can be lessened by buying refrigerant in larger bulk
quantities. Receivers shall be installed adjacent to one another i{f they
are to be operated in parallel for best operation. Parallel receivers
shall have equalizing lines between them.

(d) Accumulators and intercoolers. Large accumulators and
intercoolers should be used {n any ammonia plant and are useful in
Halocarbon Refrigeraticn Systems. Suction line accumulators shall be
provided with liquid refrigerant return systems. Accumulators should be
large enough to keep refrigerant velocity below a point where any liquid
carry over to the suction line will occur. Adequate baffling should be
built f{nto the accumulator to prevent splashing or turbulence of the
liquid refrigerant from causing liquid refrigerant to enter the suction
line. Liquid return systems may be either powered by pressure or by
iiquid refrigerant pumps. From the accumulators, some systems return the
excess ‘' efrigerant directly to the plant receiver, while some return it
to the 1iquid line periodically after shutting off the main flow from the
liquid receivers.

(e) Refrigerant pumps. When using a liquid refrigerant
recirzulating system, liquid flow is accomplished with mechanical pumps
or by a gas pressure pumping system. The mechanical pumps include open,
semi-hermetic, magnetic clutch, and "canned rotor" arrangements with
either positive rotary, centrtfugal or turbine vane construction.
Cavitation and Net Positive Suction Head (NPSH) are considerations when
selecting the pump. Sealing of shafts usually requires double mechanical
seals with an o1l feed from an oil reservoir. Motors are selected with a
service factor to take care of operation with cold, stiff oil.
Surrounding temperatures, heat gains, operating pressures, internal
bypasses, operation of automatic valves, and evaporation of refrigerant
are all to be considered in selecting a mechanical pump. (See ASHRAE
Criteria, Chapter 25, 1976, Systems.)

(f) Two-Stage refrigeration systems. The main operating
economy in two-stage plants {8 obtained by prechilling the liquid
refrigerant at the intermediate pressure before using it in the low stage
evaporators. This requires the use of some type of intercooler. This
intercooler also serves the function of chilling the booster discharge
gas to a saturated condition. For efficient and economical operation,
the 11quid chilling feature should not be eliminated from an
intercooler. Intercoolers should be generous in size and with some
reserve for future plant growth.

i) il M




(g) Evaporators. Evaporator equipment in the various
storage rooms 18 mostly confined to some type of forced air evaporator
unit, either floor or ceiling mounted. Pipe coils should not be used
because their first cost is high and defrosting is difficult.

The typical ceiling type evaporator consists of a cooling coil with fins
at various spacings depending on the temperature of the room and
manufacturer of the coil. Sizes of coils will usually vary from 2 to 20
tong (7 to 70 kW) refrigeration capacity. Air circulation {s obtained by
a propeller or squirrel cage fan, either blowing through the coil or
pulling air through the coil. Drain pans under the coil are used to
catch drip from condensation or defrost as the case may be. Drain pans
are gometimes insulated to prevent external drip from a cold pan. A
number of cefling fan units placed in a line and blowing out from one
wall of a cold storage room can cover wide rooms without duct work and
even temperatures and uniform air flow can be maintained. The more units
in the line, the wider the room that can be spanned. With high cellings
in a cold storage room, a distance of 100 to 150 feet (30 to 46 m) may be
spanned by the blower coils along one wall of the room with the blower
units evenly spaced. The multiplicity of units all blowing in the same
direction tends to get the entire mass of room air circulating in a
parallel pattern so that the entire room is well covered with adequate
air circulation.

Care should be exercised when using ceiling type blowers that maintenance
considerations be included in the design. These coils are up and out of
the way and there is sometimes a tendency to forget about them until
trouble develops. A maintenance inspection schedule shall be posted in a
couspicuous place to prevent breakdown of equipment. In cooler and
freezer storage rooms, propeller fans are provided when no duct work {s
involved, since the propeller fan is more efficient than the centrifugal
fan when very small pressures are needed. Fans may be direct connected
to the shaft of the driving motor or belt driven depending on the size
and horsepower required to drive the fan. The larger units will employ
slow speed belt driven fans with standard motors. The smaller unfits will
utilize smaller higher speed direct motor mounted fans. Many times the
smaller fan units will not have replacement parts when they need
replacement after a few years and will require new unit purchases. Good
practice in freezer operation is to use units with the fan or fans
mounted to pull air through the coil and discharge it out into the room.
The coil defrosts the air and the fan is less likely to get frosted. 1In
most Iinstances the floor=~type unit consists of a coill and fan or fans
mounted above a drain pan and all encased in a suftable housing.
Centrifugal fans are normally used gince air must normally be conducted
up to the celling level of the cold room and turned to spread out in the
room. This fmposes some resistance and more horsepower is usually
required for the floor-type unit than for a comparable ceiling unit. Ailr
entering a floor-type unit also makes a 90 degree turn to flow through
the coil and in a standard ceiling unit passes straight through the unit
without turns. The maln advantage of the floor unit is ready
accessibility for maintenance and repair. The disadvantages are that it
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takes up floor space that could otherwise be used for merchandise storage
and that it, if not heavily guarded, 1s subject to damage from materials
handling equipment. Since [loor-type units are usually larger than the
ceiling type, fewer are used per room and piping costs will normally be
less in a total installation. This will about offset the normally higher
cost of the floor-type unit so that the total installation cost and

equipment cost will not vary significantly regardless of the type units
used.

(3) Summary for intermediate and large cold storage buildings.
In the warehouse systeam, reliability and low operation cost resulting
from eff{cient design and application of machinery should be the first
consideration of the owner. Year round operation and maintenance of
temperatures and conditions in the warehouse rooms within narrow limits
must be maintained. For this reason, reliabili:ty is paramount, which
means heavy duty machines and non~over-loaded motors and equipment.
Operating costs are also important. These costs consist of power cost
and maintenance, replacement, and repair costs. For best results, all of
these add up to obtaining a system containing the best and most efficient
components avalilables A typical arrangement for the central
refrigeration equipment 18 shown for an intermediate cold storage
facility on Figure 2. This arrangement would also apply to a large cold
gtorage building.

Ce Equipment Location. The refrigerating ¢quipment for large
refrigerated rooms should be located in a separate machine room which
should include ample space for the equipment and its maintenance. It
should have adequate ventilation, be segregated from other areas, and be
located on a outside wall and have separate exits. Small and medium size
prefabricated rooms may have refrigeration equipment mounted on top or
alongside.

(1) Air-cooled condensers, evaporative condensers or water cooling
towers may be located on the roof or at grade adjacent to the machine
room.

(2) The evaporator equipment may be located fn the conditioned space
or in a penthouse over the refrigerated rooms. The penthouse offers many
advantages:

(a) Storage area 1s more fully utilized.

(b) Defrost water draing can be piped through penthouge walls
to discharge on the main storage roof.

(¢) Equipment {s not subjected to physical damage by stocking
trucks.

(d) Service on cooling equipment and controls can be handled by
a single individual from floor or roof deck location.

(e) Maintenance and service costs are minimized.
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Part 2. SYSTEMS OPERATING

FROM 40 DEGREES F to -80 DEGREES F

1. DEFROSTING. Evaporators operating on refrigerant temperatures below
freezing will accumulate frost which causes reduction in capacity. The
effect of frost 1is most serious in finned-tube coils as the frost blocks
the air passages, retarding both air flow and heat transfer. Therefore,
it is necessary to defrost evaporators regularly before the frost coating
seriously affects the air flow and heat transfer. The accumulation of
frost increases with a reduction in refrigerant temperature and an
increase in usage load.

a. Alr Defrosting. Air defrosting may be used only for cold
storage rooms maintained above freezing temperatures. The evaporator
defrosts during off-cycle, that is, when the room does not need cooling
and the supply of cooling medium is stopped. The air circulating fan
continues to run melting the frost. Systems requiring long off-cycle
periods for defrosting produce objectionable variations in the room
temperature. A time clock may also be used to operate the defrost -
cycle. When defrosting, some of the moisture on the coll will be put {3
back into the room. This is not desirable for low humidity applications.

be Defrosting by Heat. The small unit coolers used for rooms
maintained at temperatures below freezing may be defrosted by supplying
heat. During the defrosting cycle, heat 1s supplied to melt the frost
and the air circulation fan is stopped to prevent carry over of defrosted
moisture. The drain pan for collection of melted frost and drain pipes
are usually heated by electric resistance cables, The defrosting cycle
is controlled automatically by a time switch or program switch which
should have adjustment for frequency and duration of the defrosting
cycle. The heat may be supplied by any of the following means:

(1) Water spray defrosting. 1In this system, a water spray
header is provided over the finned-tube coil tarough which water is
sprayed over the colil until all frost is melted.

(a) The sensible heat of water is used to melt the froste.
The supply of refrigerant 1o the evaporator is stopped and the drain pan
and the drain pipes are usually heat2d electrically during the defrosting
cycle.

(b) Water drains. Arrangements shall be provided to drain
off all the water from the spray header and the water supply pipe within
the cold storage room before normal cooling operation 1s started.
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(¢) Limitations. The water spray defrosting system is
most economical, but the defrosting cycle is usually prolonged and may be
used only when a continuous supply of water 1is avallable. Water
temperature should be above 40 degrees F (4 degrees C). This methon of
defrost may be used for rooms operating at O degrees (-18 degrees C) or
above.

(2) Electric defrosting. In this system, the finned-tube coil
is built with electric heating elements placed either between the fins or
inside the tubes to supply heat during the defrosting cycle. This system
is simple to operate and maintain, but usually both initial and operating
costs are high. This can be an efficient and relatively rapid method.

It can be used for very low temperature applications and i{s a simple
system to operate and maintain.

(3) Hot gas defrosting. This can be used for low temperature
applications and provides a rapid method of defrosting. This method
utilizes compressed vapor from the compressor to apply heat directly to
the evaporator, and in some systems, also to the drain pan. Most systems
use the latent heat of condensation of the compressed vapor as the heat
source, but some use only sensible heat of highly superheated vapor.
(Refer to manufacturer's recommendations.)

"To assure an adequate supply of hot gas, it 1s recommended that not over
one~third of the evaporator load on the system be defrosted at one time.
The remaining two-thirds of the evaporator load must continue to operate
to supply the necessary gas. Some evaporators require three or more
times their equivalent in refrigerating evaporators on the line to
provide sufficient heat for defrost in allowable time."*

”"The hot gas should be piped into the drain pan coil first tc prevent
freezing the water which runs off che coil. The hot gas leaving the
drain pan coll passes through a spring-loaded check valve or inverted
trap, and enters the evaporator downstream from the expansion valve
(Figure 3). Some manufacturers ifntroduce the hot gas at the suction
connection, and bypass the expansion valve through a relief valve into
the suction line downstream from a suction solenoid valve which closes
during defrost (Figure 4)."*

"Without the check valve or inverted trap, liquid refrigerant will boil
ia the hot gas line and drain pan coil and cause frosting of drain pans
and hot gas lines. This 18 particularly imporLant in multiple evaporator
systems."*

"After the hot gas solenoid valve is closed, residual hot gas may
condense in the hot gas line and pan coil. Spring-loading the check
valve forces the condensed hot gas to ve-—evaporate at a saturation
temperature above the room dew point. Condensate and frost cannot form
on the hot gas line or pan coil.”*

* (Reprinted with Permission from the 1976 System Volume, ASHRAE Handbook
& Product Directory.)
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FIGURE 3

Hot Gas Defrost Piping Schematic
(Hot Gas Into Liquid Connection)
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when hot gas enters the evaporators, the pressure begins to rise, and
1iquid refrigerant in the coil together with fresh condensed refrigerant,
formed during defrost, enter the suction line. A re-evaporator or
accumulator sufficient to trap and prevent slugs of liquid must be
provided.

To prevent excessive suction pressures and consequent motor overload
during defrost, a suction pressure regulator (holdback valve) at the
compressor suction is often used. This valve {8 adjusted to remain wide
open during refrigeration and to throttle during defrost.

Ce Brine Spray System. By continuously spraying brine on the
evaporator colil, the froat is prevented from forming. Brine which may be
used in food storage rooms includes sodium chloride and propylene
glycol. Sodium chloride may be used in systems cooling rooms to 10
degrees F (~12 degrees C) or above. Propylene glycol may be used for
roons down to -35 degrees F (=37 degrees C). The brine concentration
decreases with constant moisture pick-up and therefore arrangements nmust
be provided to keep the concentration constant either by boiling away the
molsture or by regularly adding the salt or glycol.

d. Dsfrosting of Plate or Pipe Coils. The capacity of the pipe or
plate coils 1s not affected seriously by frost, especlally if the coils
are selected to give required cooling with normal frost thickness.

(1) Frequency of defrosting. It is not necessary to provide
for frequent defrosting of pipe or plate coils. The coils are
occasionally defrosted by stopping the refrigeration compressor when the
room happens to be completely empty or by emptying the room for a short
period.

(2) Expediting defrosting. It is possible to expedite
defrosting by brushing away the frost or by blowing warm air over {t from
a portable blower.

e. Defrosting Controls.

(1) 1Intitiation of the defrost cycle should be automatic, either
by means of a running time monitor, time clock, or air pressure
differential control.

(2) Defrost cycle should be as short as possible and is
terminated by sensing the coil temperature in which 40 degrees F (4
degrees C) would indicate the removal of frost. Restart of fan is
delayed until coll temperature has returned to normal operating
temperature.
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2. DRAIN PIPING. Drain piping shall be as follows:

a. Size. Drain pipes shall be large enough and shall have
suificlient p.tch to allow free flow of water and small particles of frost
removed during defrosting. It should be no less than 1 inch (25 mm) in
diar -er and shall have pitch of not less than 1/2 inch (13 mm) per foot
(30‘ -.n).

b. Length. The length of the drain piping in the cold storage room
should be as short as possible. Drain lines should be trapped outside
the refrigerated space to prevent infiltration of moisture.

Ceo Protection of Drain Pipiqgrfrom Freezing.

(1) Drain piping within a cold storage room operating below 32
degrees F (0 degrees C) requires some means of heating during defrost
periods. Depending on the method of defrost, electric heat or hot gas
tracing of pipes should be used.

3. LUBRICATION. As the evaporating temperature is decreased, the
following problems are encountered: (a) trapping of oil in the
evaporator, and (b) freezing of water and oil wax in the expansion
valve. The following precautions are recommended to eliminate oil
problems:

ae 0il Separator. Each compressor shall be provided with a
discharge oil separator to reduce carry over of oll to the evaporator.
(See ASHRAE criteria, Chapters 26 -nd 29, 1976, Systems.)

b. Type of 011l. Ofls shall be wax-free napthenic base type, with
viscosity 280 to 300 SSU (Saybolt Seconds Universal) (60-6, CS) at 100
degrees F (38 degrees C). The moisture content of oil shall not be above
20 parts per million. (See ASHRAE criteria, Chapter 32, 1976, Systems.)

4, TYPE OF SYSTEM. Systewm type is generally dependent on the evaporator
temperature. As the suction pressure of the compressor i{s reduced, there
is a drastic reduction in refrigerating effect and an increase in
horsepower per ton.

a. Single Stage System. Single stage compressors are usually
limited to evaporator temperatures down to —-40 degrees F (-40 degrees).

b, Multistage System. Multistage systems consist of more than one
stage of compression. (See ASHRAE criteria Chapters 24 and 29, 1976,
Systems.)

(1) Compound system. Compound compressors ave usually used for
producing temperatures below -40 degrees F (-40 degrees C).

(a) In a compound system, compressors are connected in
serles using a single